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AZO 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 labora'tory animals. Both oil and water soluble dyes 

seem able to pass through the intestinal wall in both directions, thus 

complicating these studies. 

Teratogenctic studies have been done most frequently on Trypan Blue 

and its related biological stains. Trypan Blue ha.s 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 al te·.:-ed 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. 



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 commercial 

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 (-S03H), 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)2N = NC (CH3)2CN, melts at 

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



Azodicarbonamide, H2NC(O)N = NC(O)NH2, 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 pK and for the ratio of the intensities of the ab­
a 

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 pK between the parent and the derivative, and the 
a 

absorption intensity ~atio. They also studied the tautomerism of p,p'-

bis(dimethylamino)azobenzene in a variety of acid-solvent systetns 

(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-

fie azo compounds. 

II. 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 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

a Units 

1961 

1962 

1963 

1964 

1965 

1966 

are in 1,000 

Table 2. 

22.3a 

25.9 

24.1 

27.3 

23.2 

23.2 

18.2 

23.6 

20 

20.5 

23.6 

metric tons 

United States 

8.82a 

9.08 

9 .45 

10 .o 

10.9 

11.5 

a Units are in 1,000 metric tons 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

Production of Azo Pigments 

1967 

1968 

1969 

1970 

1971 

24.6 

25.9 

30.4 

31.8 

26.8 

32.3 

34.1 

37.3 

41.8 

12 .2 

12.5 

14.1 

12 .9 

13 .9 

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 

5 
/ 



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 (19'72) in 
the United States of Individual Azo Dyes and Pigments 

Acid DY.es a 

Yellow 9 b c 0.9ld 

11 34.6 24.1 

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 

Ul 0.45 

6 



124 N.R. 

127 1.50 

128 1.02 

135 58.5 

136 0.50 

151 591 600 

159 267 213 

Orange 7 254 224 0.20 

8 128.5 172 0.25 

10 123 131 

19 2.23 

24 425 332 

28 3.41 

33 5 .16 

51 1.25 

60 86.3 110 

61 0.50 

64 21.8 

74 37.2 40 .4 

92 0.68 

94 11.8 

102 0 .90 

Red 1 197 173 

4 46.3 51.3 

6 0.023 

14 51.3 N.R. 

7 



18 52.2 48.1 

26 20.4 17 .3 

32 0.91 

35 0 .11 

37 35.4 38.6 0.70 

42 3.55 

57 20.3 

73 117 107 1.61 

85 73.6 57.2 0.68 

88 372 532 

89 8.2 19.1 

99 79 76.8 0.25 

111 32.2 

114 156 192 4.10 

115 34.1 17. 7 

127 5.25 

131 11.1 

134 0.95 

137 81. 7 90.7 

151 292 446 0.27 

155 0.35 

157 1.61 

158 0.455 

161 3.41 

179 0.60 

182 30.4 32.7 

186 12.3 

Ii 



240 0 .10 

249 6.31 

251 5 .91 

252 3.23 

257 10 .9 

258 1.90 

259 1.31 

260 12 .1 

261 1.05 

263 3.76 

266 55.9 122 22.8 

274 1.25 

282 1.80 

283 2.25 

Violet 1 17.3 13. 2 

3 39.6 55.9 

5 0.451 

7 43.6 61.8 

12 

14 1.80 

90 0 .125 

Blue 92 44.5 N.R. 

113 378 382 45.4 

118 40.4 33.6 

120 15.4 0.371 

151 1. 72 

154 0.60 



156 2.16 

158/158A 45.9 55 

163 0.05 

183 0.326 

184 1.24 

187 5.06 

193 0 .60 

199 0.125 

205 2. 75 

Green 20 23.6 27.7 

60 0.20 

68 2.18 

l:Jrown 14 394 338 

33 L8.l 

83 8.74 

85 5.50 

127 5.00 

224 5.52 

226 0.266 

227 0.651 

235 22.8 

239 24.6 

253 0.114 

264 4.67 

Blaek 1 427 474 2.36 

24 24.5 1.28 

10 



52 315 442 

76 1.50 

82 0.150 

84 0.97 

107 93.5 145 14.1 

108 0.60 

117 3.00 

128 0.80 

131 19.6 

132 19.1 

139 7.61 

Azoic Diazo 
Component 4, base 81.3 89 

Basic Dyes 

Orange 1 139 N.R. 

2 224 203 0.274 

28 1. 82 

29 0. 227 

30 8.26 

Red 18 0.227 

23 38.4 

24 0.341 

25 1.93 

Brown 1 29.5 66.8 

4 218 218 0.05 

11 



Dir>eat DY..eB 

YeUow 4 214 226 

8 0.65 

12 117 91 0.15 

27 2.01 

28 110 108 

29 19 .5 14.5 

44 396 506 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 



102 117 189 

106 1. 75 

107 17.5 

Red 1 56.4 58.1 5.16 

2 113 92 

3 1. 36 

4 18.6 30 

9 4.91 

10 4.55 N.R. 

11 0.60 

13 20.4 N.R. 

16 N.R. 60.5 

23 109 111 0.50 

24 181 164 

26 43.2 47.7 

28 48.1 79 2.27 

31 7. 27 

37 49.1 48.6 

39 67.3 73.6 

62 2.04 

72 85.9 123 

75 9.1 7. 72 1.68 

79 37.2 102 3.03 

80 274 305 1.02 

81 243 242 

83 106 114 3.00 

84 0.226 

JJ 



89 2.94 

122 N.R. 

123 N.R. 

152 3.64 

173 1.00 

205 1. 80 

207 4.08 

212 0.795 

218 0. 91 

Violet 7 N. R. 2.66 

9 87.6 68.6 

47 13. 7 

48 9.03 

51 10.9 1. 93 

93 9 .10 

95 2.50 

Blue 1 136 172 

2 580 466 

6 119 131 

8 64 106 

10 3.41 

15 94 108 

22 10.45 

24 N.R. 

25 22.7 29.5 0.455 

67 N.R. 

14 



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 

15 



Brown lA N .R. 

2 120 117 

31 75.5 55 

74 30.9 30 

95 240 230 7.51 

111 13.6 

154 202 178 

200 8.52 

Black 4 39.6 45 

9 20.9 

19 N .R. 

22 303 853 

38 2,400 3,050 

51 22.7 31.4 

62 2.08 

71 1. 43 

80 304 370 

91 1.08 

112 1. 34 

113 1.00 

114 3.06 

118 14.0 

122 0.85 

Disperse Dyes 

YeUow 3 1,127 1,278 0.125 

5 N .R. 34.1 8.85 

16 



7 0.34 

23 527 372 1. 77 

44 13.4 

50 2.00 

Orange 1 0.20 

3 61.4 50.9 

5 100 22.7 2.81 

13 12.5 

17 120 59.1 

18 1.58 

20 14.0 

25 210 224 

30 5.61 

38 0.60 

Red 1 139 119 

5 62.6 47.7 

13 N.R. 

17 97 70 

44 20.0 

46 4.85 

54 35.4 

65 105 105 

72 38.5 

73 129 

Braum 1 2.41 

2 67.3 N.R. 1.92 

17 



Black 1 152 

FD&C Dyes 

Red No. 2 474 441 

4 N .R. N .R. 

40 N.R. N. R. 

Yellow No. 5 561 504 

6 464 369 

D&C Dyes 

Orange No. 4 3.18 

Red No. 6 4.08 N.R. 

7 

9 16.4 N.R. 

36 4.08 

Mordant Dyes 

Yellow 1 7. 72 N.R. 

8 N.R. 

26 6.49 

30 0.114 

Orange 3 2.95 

22 1.00 

Red 5 0.91 

17 1.02 

Blue 7 6.56 

18 



Green 29 0.10 

47 1.00 

Brown 1 11.8 18. 2 0.114 

21 1.59 

33 22.3 

40 N.R. 

Black 11 248 200 16.1 

17 45.4 68.6 0.095 

79 2.73 

Reactive Dyes 

YeUow 4 0.20 

6 0.50 

11 1.00 

12 5.51 

18 0.20 

Orange 3 0.25 

5 1.43 

7 2.65 

Red 4 0.97 

6 1.85 

7 2.00 

9 0.90 

12 11.0 

13 7.36 

15 4.40 

l '.J 



16 4.31 

17 23.6 

19 3.50 

21 3.50 

22 2.90 

23 0.97 

24 0.33 

Violet 3 7.70 

5 4.55 

Blue 8 41.9 

10 34.2 

13 16.8 

l:Jr()U}n 2 8.85 

Black 4 6.56 

Solvent Dyes 

YeUow 2 10.0 N.R. 

14 261 269 0.625 

16 1.49 

19 1.03 

21 0.67 

25 3.17 

29 0.045 

32 0.075 

62 2.70 

63 1.90 

20 



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 1 0.025 

24 0.24 

Blue 53 0.015 

Brown 1 0.45 

12 10.4 15 

28 2.0 

34 1.67 

35 0.025 

37 0.57 

Black 1 0.035 

2 2.52 

3 15.1 

6 0.33 

Pigmentse 

Yellow 1 784 20.8 

3 180 15.4 

12 2,550(+1,486) 45.1 

13 (See 17) 10.9 

14 1,033(+1,385) 12.2 

16 32.1 

17 259 (Including 1.04 
No. 13, others) 

49 1. 25 

55 0.025 

73 4.55 

74 243 

22 



81 19.8 

83 23.0 

Orange 1 0.25 

5 182 27.8 

13 65.4 4.06 

16 153 

31 32.6 

Red 1 85. 8 

2 28.2 

3 738(+649) 22.3 

4 140 

5 38.6 1.50 

7 1.55 

9 29.6 

10 0.225 

14 3.0 

17 30.4 

22 60.8 

23 88 

38 60.4 0.10 

48 1,230(+1,090) 6.64 

49(Total) 2,640(+1,840) 

51 0.075 

52 790 

53 1,100(+855) 26.6 

54 31.3 

23 



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 
)Lakes 

Acid Red 26) 88 

Permanent Red F4RH 2.5 
(Toner•) 

a Listing is alphabetical by type of dye; within a typ.a, 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 

24 



e 

years mean that the dye was not represented in the production 

figures section. 

Left column is U.S. 1971, right one is 1972 imports. 

parentheses is for the connnercial forms. 

Figure in 

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 cor.tain 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 listinci 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 

4-7 are in the Appendix. 



In 1972 the U.S. Tariff Commission reported the iollowing importation 

of azo compounds under the designation of Benzenoid 8hemicals and Products: 

4-aminoazobenzene or Solvent Yellow 1 (4.5 metric tens); 4-aminoazobenzene­

disulfonic acid (23 metric tons); 4-aminoazobenzene-J,4'-disulfonic acid, 

monosodium salt (13.6 metric tons); 2-arninoazobenzen.;-4',5-disulfonic acid 

or Acid Yellow 9 (36. 7 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 off Prs 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-disulfo-7-acetamido­

naphthol-l, 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. ~ariff Commission 

Reports are listed production figures for a few dyes, with manufacturers, 

plus an alphabetical listing of dyes and dye intermediaLes apparently 

lacking Colour Index names: Acid Yellow 9, 5.91 metr::..c 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; Solve~t Yellow 3, 148 

and 180 mettic tons, Alliance Chemical, Inc., A. Cyanamid, duPont, GAF, 

Sterling Drug, Inc. 

b~- ~·--~- ·-·--·'. ·------ -~--- --~-----~---



Table 7a. Domestic Manufacture in 1971 and 1972 of ;.zo Intermediates 
in the Dye Indus try 

8-acetamido-1-( 4-acetamido-2-hydroxy-5·-nitrophenylazo) -2-naphthol, 19 72, 
Toms River; 

J-[(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-1-naphthylazo)-5-nitrobenzcic 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-naphthalenedisulfonic 
acid benzenesulfonate, 1971, 1972, Toms River; 

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

7-[(4-amino-5-methoxy-o-tolyl)azc}-1,3-naphthalenedisulfonic acid, 1971, 
1972, Toms River; 

2-(4-amino-l-naphthylazo)-4-(1,1,3,3-tetramethylbutyl)ph~nol, 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]-1-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-amirio-3-tolylazo)-benzenesulfonic acid, 1971, 1972, Toms River; 



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, 19"/L., Toms 
River; 

3-(o-anisylazo)-benzensulfonic acid, sodium salt, 1971, 1972, Allied; 

4',4'''-azobis(4-biphenylcarboxylic acid), 1971, 1972, duPont, Toms River; 

J-(4-N-benzylamino-N-methylphenylazo)-1,2,4-triazole, 1972, Torris 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-l-hydroxy-2-naphthylazo)-l-phenol-4-sulfonamide, 1972, 
Toms River; 

3-[(4'-N,N-diethylamino)phenylazo]-lH-1,2,4-triazole, 1971, 1972, Toms River; 

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

''1,N'- [ (3 ,3 '-dimethoxy-4 ,4 '-biphenylene)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, Ton1s Kiver; 

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

N-[7-hydroxy-8-[2-hydroxy-'.J-(methyls11lfamoylphenyl)azo]-l-napht.1'yl]­
acetamide, 1971, 1972, Toms River 

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

N-[7-hydroxy-8-[(2-hydroxy-5-nitrophenyl)azo]-l-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; 

J-(2-hydroxyl-l-naphthylazo)-6-nitro-2-naphthol-4-sulfonic acid, 1971, 1972, 
Toms River; 

1-(2-hydroxy-4-nitrophenylazo)-2-naphthol, 1971, 1972, Toms River; 

o-[(p-hydroxyphenyl)-azo]benzoic acid, 1971, 1972, Eastman; 



3-[(4-{4-hydroxyphenylazo)-2,5-dimethoxyphenylazo)J-be~zenesulfonic 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)-1-naphthylamine, 1972, duPont; 

5-(phenylazo)salicyclic acid, 1972, Toms River; 

N-(p-tolylazo)-sarcosine, 1971, 1972, Blackman-Uhler Ctemical 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, 19ll, 19"12, 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 proJuction figures for 

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

III. USE 

Azobisisobutyronitrile 

Nowak and Rubeus in Kirk & Othmer (1969) stated thst this compound -

NCC(CH3)2N = NC(CH3)2CN - was the best known azo compound 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 

3gent for plastics. 

La Clair in Modern Plastics Encyclopedia 1972-1973 commented that 

AIBN, as it is commonly abbreviated, had some use as a chemical blowing 

agent for polyvinyl chloride foamed plastics, and tha: it required pre­

caution in handling. 

Azodicarbonamide 

The Federal Register (1962) announced that this chemtcal, 

H2NC(O)N = NC(O)NH2, had been approved as an aging and bleaching agent 

in white and whole wheat flours. The limit for such uae 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, PS, 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 F~ dyes in a 

lower purity grade may have uses in general manufacture of dyed goods. 

There is no agreement between the United States end 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 1972 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 hasic 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, whic'1 

was announced in the 1971 Federal Register. The specifications for food 

usage once again emphasized the fact that dyes are mixtures a.nd are n:>t 

discriminated against as such. 

Carriere 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 Use in Use in 

Index No. Federal Dc~ignation Use in U.S.A. Uso in Germany French No. France Italy 

16.185 FD & C Red .No. 2 A L--Hot 3 Al500 E 0-1-2 + 
45.430 3 A C-Rot :18 Al 551 E 0-1 + 
14.700 Ext. D & C Red No. 24 A C-Hot 5 519 0-1-2 
16.150 D & C Red No. 5 B C-ext. Rot 35 515 1-2 + 
15.850 6 B C-Rot 12 542 1 + 
15.850 7 B C-Hot 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.:180 21 B C-Rot 30 547 1 + 
45.380 22 B C-Hot 30 
45.366 24 B 549 1 + 
45.410 27 B C-Rot 34 548 1 + 
45.410 28 B C-Rot 34 548 1 + 
45.457* 2~ R 514 1 + 
73.360 30 B C-WR Rot 12 524 1-·3 
15.800 31 B 530 1 
15 880 34 B C-Hot 14 503 1 
12.120• 35 B C-ext. Rot I 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 :So. 1 c C- ext. Hot 22 527 2 
16.105* 2 c C-cxt. Hot 19 509 2 + 
15.620 8 c C-cxt. Rot 18 523 2 + 
14 720* 10 c Al 502 F. 2 + 
18.050* 11 c C-ext. Rot 21 528 2 + 
27.290 13 c C-cxt. Rot 24 507 2 + 
12.141 * 14 c 539 2-3 
16.155 15 c 516 0-1-2 
15.585 D & CRcd No. 8 Cx,D,E C-ext. Rot 17 534 1 + 
15.585 9 Cx,D C-ext. Rot 17 534 1 + 
15.6:lO 10 Cx, D C-cxt. Rot 33 536 1 + 
15.630 11 Cx, D C-ext. Rot 33 5:l6 1 + 
15.630 12 Cx, D, E C{)xt. }{ot 33 536 l + 
15.6:10 13 Cx, D C-cxt. l{ot 33 536 l + 
45.170 19 Cx, D,E C-cxt. Il.ot 27 521 1-2-3 
17.200 33 Cx, D,E C-\\"l{ lZot 2 512 1-2 
45.170 37 Cx,E C-cxt. Rot 27 545 l 
14.780 C-Rot 6 
14.830 C-Rot 7 
15.580 C-Rot 9 
16.250 C-Rot 19 
18.000 C-Rot 21 
18.020 C-Rut 22 501 
18.025 C~l{ot 23 
45.360 C-·Rut 25 
45.380 C-Rot 30 
45.386 C-Hot 31 
45.400 C-Ilot 32 
45.405 C-Rot 33 546 2 + 
45.425 C-·Rot 35 
45.435 C-Rot 36 550 2 + 
45.440 C-Rot 37 
58.000 C-Hot 41 
16.ISO C ext. Hot 20 506 2 + 
27.306 C-ext. Rot 25 
45.160 C-cxt. Hot 26 
58.005 C-cxt. l{ot 31 505 2 
14.895 C-WH Hot l 
27.:!00 C~\\'R Hot 5 
68.000 C-WR Hot 10 
16.050 508 2 
12.315 511 1-2 
45.510 513 2 
16.255 L--Rot 4 Al 517 E 0-·l 2 + 
16.290 J.. Hot 5 518 E 1-2 + 

522 2 
18.810 525 2 
14.8:10 529 2 

5:11 2 
16.015 5:l7 2 t-
26.105 5:18 2 :I 
18.0(15 MO 2 

Ml 'l. 
!i0 240 ~. n '/. 

r.1 o '/, I 



ORANGES AND Y£LLO WS 

Colour I 
~ex ~~ ____ F~_·_c_lc_ra_l_I_)c_s•_· s_n_at_•o_n __ 

1
_t:_'_se_in_u_.s_._A_. _____ l ~_'_n Ccrmany 

45.425 
45.425 
45.456• 
45.371" 
11. 725• 
14.(i(IO 
12.100• 
15.510 
45.370 
12.075 
W.140 
15.%5 
47.005 
47 .000 
11.0G5 
18.8?.0 
J J .6.SO* 
14.010* 
10 :HG 
45 350 
45 :iso 
45.'.lGS 
58.000 
JG 230 
60.515 
77 .199 
11.920 
15.575 
15.970 
45.3fl5 
71.105 
11.710 
11. 7:10 
12.775 
12.780 
1:1 900 
18.950 
48 055 
49 005 
18.736 
18 745 
18 690 

48.035 
48040 
29.020 
29.025 
65.405 
65.410 
68.420 
40215 
59.700 
6\) 025 
69 540 
13.015 
14.270 

75 :JOO 
41.000 
2s.1:1s 
11.:H;o 
11.:rno 
10.:115 
19.1:10 

43 :l\15 
w.o:w 

D & C Or.mgc );o. 10 
11 
14 
16 

E:1.t. D & C Orange No. 1 
:I 
4 

D .'\. C Or .rngc :\" o. 4 
5 

17 
F. D ,\: C Ycllu" ::-;o. 5 

6 
10 
II 

Ext J > S .. C Yl'llcm ::-;o I 
3 
5 
6 
7 

11 
12 

B 
B 
B 
B 
c 
c 
c 

D--E 
D-E 

D 
A 
A 
n 
B 
c 
c 
c 
c 
c 
Cx 
Cx 

C-Hot :17 
C-Hot :17 

C l'Xt. Gelb 4 

C Orange 2 
C-ext. Hot 34 

L-Gclb 2 
L- Orange 2 
L· Gelb :1 
C-Gclll 4 
C-cxt. Gelb 10 
C-cxt. Gelb 12 
C-cxt. Gelb 2 

C-cxt. Gell.I 1 
C-cxt. Gelb 16 
C- c:1.t. (~clb 16 
C-Hot 26 
C-Hot 41 
C-Orangc 5 
C-Gclu 6 
C-Gclh 7 
C-Orange I 
C-Orangc 3 
C-Orangc 4 
C-Orangc 7 
C-Oran"c 8 
C.-cxt. C;clb 3 
C-cxt. Gelb 5 
(~-ext. Gelb 8 
C-cxt. Gelb 9 
C- ext. Gelb 11 
C-ext. Gelb 13 
C-cxt. Gelb 18 
C-cxt. Gclh 19 
C-cxt. Orange I 
C-cxt. Orange 2 
C-ext. Orange:! 
C-cxt. Orange 4 
C-cxt. Orange 5 
C--cxt. Orange 6 
C-ext. Orange 7 
C-WH Gelb 1 
C-\VR Gell.I 2 
C-WR Grlb 3 
C-WR Gelb 4 
C-\VR Geib 6 
C-\\'TlOrangc I 
C-\\'R Orange Z 
C--WH Orani.:c 3 
C-·WI< Orange 4 
L-Celh I 
L-Celh 4 
L-Gclb 6 
J,-C:t'lll 7 

French No. 
Use in I lloe m 
France , lt<tl f 

404 
406 
413 
401 
410 
407 
412 
408 
402 
411 

~--1--
1-2 I 

Al 217 E 
Al 203 E 
208 E 
Al 215 E 
211 
209 
205 

212 
202 
202 
403 
400 
409 

213 

218 

Al 201 E 

200 
204 
206 
207 
210 
214 
216 
405 
414 

-- ----· 

L3 I 
2 
2 
1-2 
l 
1-2-3 
0-1-2-3 
0-1-2 
2 
1-2 
2 
2 
2-3 

1-2-3 
1-2-3 
1-2-3 
1-2 
1-2 
1-2 

2 

2 

1-2 

1-2 
2 
2-3 
2-3 
2 
2 
2 
I- 2 
2 

+ 
1-

\­
+ 
+ 

T 

+ 

+ 
+ 
+ 



GREENS AND BLUES 

Colour Use in Use in 

Index :\o. Federal Dcsignat10n Use in U.S.A. Use in German) French No. France Italy 

42.085 F, D & C Green No. 1 A 711 0-1-2 + 
42.095 2 A 712 0-1-2 + 
42.053 3 A 710 {}-I-2 
61.570 D & C Green Xo. 5 B C-Gri.m 5 701 1-2-3 + 
61.565 6 B C-cxt. Grun 4 709 1-2-3 + 
42.100* 7 B C-Griin 2 703 1-2 + 
59.0.JO 8 B C--G<:lh 5 700 1-2 
10.020 Ext. D & C Cre.:n ~o c C-Grun I 708 2 + 
42.090 F, D ,'I,. C J\!nc ~o l A 7 1-2-3 + 
42.0'JO D&Cllluc:-..., 4 B 7 1-2--3 + 
73.015 .F, D & C Hlu, :\o. 2 A L-Blau 2 Al 19E 0-2 + 
73 000 D &. C Blue :.o. 6 B 
42.052 7 B 
69.825 9 B 
52.015* Ext. D & C rnue '.\o. l c C-cxt. Blau 6 
63.oto• 4 c C- ext. Hlau 8 2 2 + 
42.045 C-Blau 2 3 2-3 + 
42.735 C-Hlau 3 
42.750 C-Blau 4 
42.755 C-Blau 5 
42.135 C-Blau 6 
43.820 C-Blau 7 
44 O.JO C-Blau 8 
44.0-15 C-Blau 9 14 2-3-4 + 
44.075 C-Blau 10 
60.730 C-Blau 11 
62.085 C-Blau 12 
63.000 C- Blau 14 
74.180 C-Blau 15 
77.007 C-Btau 16 
77 .510 C-Blau 17 
42 170 C-Gnin 3 
62 550 C-Grun 6 
42.0tlO C-cxt. Blau 1 17 2-3 
42.140 C--cxt. Blau 2 
50.315 C-cxt. Blau 3 
50.320 C-ext. Blan 4 
52 015 C- ext. Blan 6 12 1-2 + 
63.010 C-ext. Blau 8 
64.505 C-cxt. Blau 9 
74.160 C-cxt. Blau 10 8 2 + 

(74.180) C-cxt. Blau 11 
10.006 C-cxt. Grun 1 
42.040 C-ext. Grim 2 702 1-2 
42.050 C-ext. Griin 3 
74.260 C-ext. Griin 5 704 2 + 
34.140 C-\\'R Blau l 
34.230 C-WR Blau 2 
62.105 C-WH Blau 3 
70.305 C-WR Blau 4 
34.270 C-·\Vl{ Grun 1 
77.288 C-WR Griin 2 
69.800 J.-mau 1 
42.051 L-Blau 3 
75 810 L-Griin I 
75.810 L-Grnn 2 
61.S:lO 1 0-2 + 

4 2 
42.770 5 2 
4:1.s:1s 6 2 
61.555 9 2 + 
69.~JO 10 1-2-3 + 51.175 11 2 
42 052 13 1--2 + 61.525 15 2-3 
7:!.000 18 1-2 + 50.405 20 2 + 
42.000 705 2 + 5:.!.020 706 2 
44.0:.!5 707 2 

., __ -------·-



VIOLETS, BROWNS, BLACKS 
----------

Use in 1 T5(! !li 
I I French l'io. 

Colonr I 
__ ln<l~~-~'.-____ 1_,,~_r1_c_r_.1 __ 1_1 __ 1c_·s_i_r;n_a_t_•_on ___ 

1
_u_s_e_in_u_r_.s_._A_._

1 
___ u_·s __ e _in_G_e_r __ n_1a_1_1y __ , ________ _ 

42.G Ii) I F, D & C Vwlct No. 1 A 
R 
c 
B 
B 

C--Violctt 4 
C--Violctt 7 
C--Blau 11 
C--Hraun 2 
C--'VR Schwarz 1 
C--Violctt 6 
C-ext. Rot 26 
C--Violett 3 
C--Violctl l 
C--V1olt:tt 5 

804 

France 1talv I -------:- ·--:-: ___ l 
0--1-2 I -· 

60.n;; D & C \'iolet No. 2 
60 730 Ext Jl ,, C Y1olet Xo. 2 
20.170 l> & C 1:r.1wn ~o. l 
20.4i 0 D & C Black !\o. l 
45.J\l.) 
45 lGO 
42 S'/l 
16 Shi) 
4:i..=, 2.'i 
61.71 () 
7:1.:i~:; 
6J.(1/):) 

42 b.):-1 
42W11J 
42 b.' I) 
42 :.3:i 

42 7-L-, 
21.0JO 
21.0lil 
20 :11111 
21 ()()() 
12_4,m 
J:l OS11 
20.1 j'(I 
2f).fl l{) 
27 -~~5 
:15.870 
14.HIJS 
2HA Ill 

(1) Use ill U.S.A. 
A : F, D & C colours, unrestricted use 
H : D & C colour:;, unrc~t11ctcd use 
C: external J) ,\: C colou1s 

C--V iolctt 8 
C--Violctt ~ 

C-cxt. Violett 6 

C-C'xt. Violcti 5 

C-ext. Violett 7 

C-cxt. Braun 1 
C--ext. Braun 2 
C-\\'I{ Schwarz 1 
C~\\'J{ Schwar12 
C-\\'l{ Schwarz :1 
C-\\'H Schwarz 4 
C--\\'H llra11n l 
L-Schwau 1 

. Notes and Abbreviations 

Cx : D & C colour,, restricted usage, but unrestricted for external D & C usage 

801 1-2-3 ..L 

800 2 
104 1-2 + 
302 1-2 'T 

803 2 
802 1-2 
805 2 + 

806 2 
808 2 
809 2 
810 2 
811 2-4 t-
812 2 

100 2-4 + 
101 2-4 
102 4 
10:1 4 

D : D & C colour' rcstnctctl to 6 per cent max11num (pure dye basis) for lipstick use 
E : D & C colours rcstnctc<l to 0·75 tn!:;. maximum mgcst10n per day, for preparations such as mouthwashes and dentifrices 
•Recently dclistcd by the F.D . ..\. (cf. H. D. Goulden m "Drug and Cosmetic Jn,!ustry" of l<'cbruary 1965). 

(2) Use in Gcrman.v 
L. food colour, unrcstrictc1l 11~c in co91nctics 
C: unrcstrictc1l use rn cosmetics 
C--ext.: for external use only: not necc,sarily safe for ini::c~tion 

I 
I 
I 

! 

C--\\' ll : for use m "«~l11n~ anu ntblllg, or as a solvent or propellant, provided that the material has only transient applicati 
not neccssanly sale when ingested or remainmg on the skm. 

(3) Use ii: France 
0; completdy acccpbl;le for use in any cosmetic including those likely to be insested (e.g. dentifrices or in mouthwashes) 
l: for cxtc1nal u~c (lipc;t1cks iududcd) 
2 : external colours m the F.D.A. sense of the word 
3 : for soaps and non-~<MPY detergents 
4 : for hair prcpa~a tll>nS 
Al; mentioned in "alimcntairc Mcrrt du 25.3 .58" 
E: menti0ned m "C.E. E. ahmcntaire dccrct du 11.11.62" 

(4) Use i11 Italy 
+ : nlC'ntioned by F. Ghbotti 

Reprinted with permission from Sojp, 
PerfuT., & Coswet. 39:29-34 (1966. ·· 
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 



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. 

Category 

Candy and Confections 
Beverages (Liquid & Powdered) 
Dessert Powders 
Cereals 
Maraschino Cherries 
Pet Foods 
Bakery Goods 
Ice Cream and Sherbets 
Sausage (Surface) 
Snack Foods 
Meat Stamping Inks 
Miscellaneous 

Color Concentration, ppm 

Range 

10-400 
5-200 
5-600 

200-500 
100-400 
100-400 
10-500 
10-200 
40-250 
25-500 

5-400 

Average 

100 
75 

140 
350 
200 
200 

50 
30 

125 
200 

Tables 9 & 10 reprinted from Food 
Technology/Journal of Food Science, 
Vol. 22, 1%8. Copyright (c) by 

'-' 
by Institute of Food Technologists. 

Table I 0. Pounds of primary colors used in foods, drugs and cosmetics. Figures represent sales for the first nine months of 1967 
and do not include exports or sales to jobbers and other manufacturers. 

YEllOW YELLOW RED RED RED BLUE BLUE VIOLET GREEN ORANGE 
No.5 No.6 No.2 No. 3 No. 4 No. I No. 2 No. I 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 0 563,437 
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 0 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 0 0 202,565 
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 0 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 l l,409 3,623 766 0 305 0 2 0 0 34,561 
Meat Inks 15 0 12 10 0 11 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 0 148,559 

----
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 l, 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 7,938 3,096 16,890 1,999,108 

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

and multiply by 0.453. 

Azo dyes are indicated by a . below the name 

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

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

Vodoz (1970) in an article on European food additives presented a 
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Table 11.-Food colors permitted ( +) in European countries.' 

E.F.T.A. !.£.C. 

c COUNTRIES COUNl RIES 
0 • 
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COLOR Ho. .'?~d " " 0 0 ~ :i ... .. " Q. 

1( Q z ... "' "' u: ... "' ... ~ ..... z "' .... 

REDS 

Ponceau MX • 16150 c. + +· 
I++ Ponceau 4 R • 16255 c, +++ ++++ 124 ++++++ 

Carmoisfne • 14720 c. +++ ++++ 122 ++ + +++ + 
Amaranth • 16185 A ++++++++ 123 ++ -r +++ ++ 
Red 10 B • 17200 c, + + 
Erythrosine BS 45430 B +++ ++++ 127 ++++++ ++ 
Red2 G • 18050 c. + + 
Red 6 B 418055 D ++ + 
Red F B • 14780 D + + 
Ponceau 3 R • 16155 E + + 
Fast Red E • 16045 c, +++ ++++ + 
Ponceau 6 R • 16290 c, +++ + + 126 ++++++ + 
Scarlet GN • 14815 c, ++ + ++ + 125 ++++++ + 
Ponceau SX • 14700 E + + + 
Acid Fuchsine S - c, + 

ORANGES and 
YELLOWS 
Orange G • 16230 c. + + 
Orange RN • 15970 D + + 
Orange GGN • 15980 c, +++ + + 111 ++ + +++ 
OilYellowGG • 11920 - + 
Tartrazine • 19140 A ++++++++ 102 ++++++ ++ 
Naphthol Yellow 5 10316 c. + 
Yellow2 G •18965 D + + 
Sunset Yellow FCF "15985 A +++ ++++ 110 ++++++ ++ 
Oil YellowXP • 12740 D + + 
Acid Yellow • 13015 c, +++ ++ + 105 ++++++ + 
Quinoline Yellow 47005 c, +++ ++ 104 ++++++ + 
Chrysoin S • 14270 c, ++ 103 ++++++ 

GREENS 

Green 5 44090 c, + + 142 + ++ + 
Guinea Green B 42085 E + + 
Fast Green FCF 42053 B + + + 

BLUES 

Blue YRS 42045 c, + + 
Indigo Carmine 73015 B ++++++++ 132 ++++++ ++ 
lndanthrene Bl. RS 69800 c, +++ + + 130 ++++++ + 
Patent Blue V 42051 c, ++ ++ 131 ++++++ 
Brilliant Bl. FCF 42090 B + + 

VIOLETS 

Violet BNP 42580 - + + 
Violet5BN 42650 c, + 
Violet 6 B 42640 c. + + + 

BROWNS 

Brown FK • - c. + + 
Chocolate Br. FB - D + + 
Chocolate Br. HT • 20285 c • + + 

BLACKS 

Black PN • 28440 c, +++ ++++ 151 ++++++ 
Black 7984 • 35445 c, + + 152 ++++++ 

-
1 See B.f.M.l.R.A. fnform•tion Sheet 281, 1969; •nd "Food Procening •nd Pa<k•ging Directory 196~-70" 
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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 N0s. 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 restrict~d for sausage casings. 

Miscellaneous 

Shibata (1972) has written an extensive review of ~he 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 no1.e 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 H2o2 containing 



wrseradish peroxidase type II. The results are in Table 12. 

CHLORO-
SU6STITUTION 

0 

2-

Table 12. Formation of Azo Compounds from Anilines 
in Soil and by Peroxidase 

TRANSFORMATION 
A rJILHJ E TRANSFORMATION 

IN SOIL BY PEROXIDASE 

a. 
®· - Q-NH,- <?> 

Cl C1 - ·Q-tiH,- 0-N==N-b q-N-N~ 
Cl Cl . Cl Reprinted with permis--I 

3- o-N-N-0 .~H,-
I 

p-N-N-0 - sion from Bartha et aL , 
Cl Cl Cl Science 161: 582-83. - -

4- Cl-o-N-N-Q-c1 -c1-Q-NH,- c1-(}N=N-{)-c1 (1968:~ Copyright b> 

0-N-N-d 

American Associatioi t Ol 

2, 3- ~H,- ® 
the Advancement of ·- Science. I 

Cl Cl Cl Cl 

2, 4- Cl-Q-N-N-b-CI -cl~H1- ® 
Cl 

c~ 2, 5- nonel - ~;,NH,- none 

2, 6- none - q:H,- none 
Cl Cl Cl 

Cl-o-N-N-0-CI 
I 

3, 4- -cl-~H,--- Cl-o-N==N-Q-c1 
Cl Cl Cl 

c1, t;:!/' Cl~ 3, 5- o-N-N-'1-.-h - ;, H,- none 
Cl' CJ Cl Cl, 

2, 4, 5- none -c1-QNH1 - none 
Cl 
Cl 

2, 4, 6- non~ -c1-QNH1 - none 
Cl 

a - Unidentified non-azo aromatic reaction product 

b - No reaction occurred 

Belasco and Pease (1969) were not able to detect 3,3' ,4,4'-

tetrachloroazobenzene in soil which had been treated f0r 12 consecutive 

years with the compound l,l-dimethyl-3-(3,4-dichloropheuyl)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.i cm), in 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) fotmd that soil treated with the herbicides propanil 

and solan[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 tmequal 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 groTv 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 c~ 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 µg/g, and aerobic atmosphere. 

In general very little of the aniline which disappeared was converted to 

the azobenzene, at best only 4.8%. Degradation of the azobenzene in the 

soils was relatively rapid. 

Bordeleau and Bartha (1971) tested the ability of two common soil 

ftmgi Penicillium piscarium and Geotrichum candidum to produce tetra­

chloroazobenzene from propanil. P. piscarium by itself could not metabo­

lize propanil past the d1chloroaniline Rtage. G. cand1dum by itself 

could not metahol:lze prop;mf1 at all, li11t could 1·rn1vPrt the ;inJlinP t·o 



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 degradati ve product of propanil. The authors demonstrated 

that the derivative was stable after at least two montP.s 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 aoenoca:rcinoma 

tumors in mice, nearly tripling the survival time of ffilimals :receiving 

mannnary tumor transplants. 

Burge and Gross (1972) found that 3,3'-dichloro- and 3,3' ,4,4'­

tetrachloroazobenzene were satisfactorily extracted fr0m a variety of 

soil samples with 95% ethanol. Analysis by gas-liquid chromatography 

using a micro-coulometric detector did not require evapol'.'ation of the 

alcoholic extract. 



Kearney and Plilillller (1972) studied the effect o~ 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 wa3 only a 10% 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 HzOz-peroxidase system with the 

intent of determining the intermediates. Their resul~s are represented 

in Figure 1. The main pathway involved intermediate (II), but there was 

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

l,4- OICHtORQf.NILINE (II 

+ 

l,l',4,4'-fETR:.CH\.OROIHORAlOBENZEUE mo 

Cl+ lfl o2 

Cl 

CION·NOC• 

Cl 

3,l',4 ,4'· TETP.ACHL0ROA109ENZENE (71 

figure I, Proposed pathway of 3,3',4,4'-tctrnch!oro,1zobl!11zenc 
formation. 

Reprinted with permission from J. A~ri. 
Food Chem., 20:573-78 (1972). Copyright 
by the American Chemical Society. 



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(III) used to titrate azo 

dyes. Comparison of this coulometric titration witfi 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 dy1es whose 

structures incorporate a p-phenylenediamine or a p-nitroaniline 

moiety. Fusion of the dye with a mixture of sodium formate/sodium 

hydroxide at about 220°C causes the release of p-ph~nylenediamine 

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 µg. 

Mecke, Jr. and Schmahl (1957) reported ultravioJ.et 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 

44 
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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-hydroxyazobenz~ne, 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'-?henyl-DAB, 4'-nitro­

N-methyl-N-ethylaminoazobenzene, 3-methyl-DAB and N,N-dimethyl-p-(p-2-

tolylazo-2-tolylazo)aniline. 

Villanua et al (1962) presented in tabular and graphic form the 

UV spectra in acidic, alcoholic, and alkaline solution of the banned-

f or-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 W(~re also given. 

Chikryzova and Podolenko (1964) presented a metr..od 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 µM. 

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 win~ by adsorption on 

polyvinylpyrrolidinone. 

Gemzova and Gasparic (1967) analyzed disperse a~o dyes by reductive 

cleavage of the azo linkage with Zn in hot acetic acid, followed by 



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. 

Oi 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 CS2. Characteristic ab­

sorption bands were given. 

Manukian and Mangini (1971), by various spectr~scopic and direct 

synthetic means, identified the dye Colour Index rigment 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 o'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-phenylazoaniline, azobenzene, 

p-chloroazobenzene, p-methylazobenzene, and p-phenylazobenzoic acid 

(melting points given for compounds with asterisk). 

Fukui et al (1956) studied the paper chromatogLaphic separation of 

p-amino-, p-methylamino, and p-dimethylaminoazoben~ene using water mixed 

with a variety of alcohols, ethers, acetone, methylnitrile, and amines; 

Rf values and judgments as to suitability of the various eluants were 

given. 

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

pared from diazotized p-nitroaniline or beta-naphthylamine with alpha-



naphthylamine, beta-naphthylamine, 5- and 8-nitro-alpha-napht.hylamine. 

Ultraviolet absorption maxima, minima, and log s's, along with some 

melting points were tabulated. 

Fore and Walker (1967) used a combination of pap~r 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 l,3-diamino-4,6-bis-(p-sulfophenylazo)-

benzene(III). In lesser quantity was 1,3-diamino-L.-(p-sulfo:phenylazo)-

benzene(II). In still lower amounts were 2,4-diamino-3,5-bis(p-sulfo-

phenylazo)toluene(IV) and l,3-diamino-2,4,6-tris(p-sulfophenylazo)-

benzene(VI). A trace of l,3-diamino-2,4-bis(p-sulfopbenylazo)benzene(V) 

was found. In 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 components. Reprinted with permission from Food 
Cosmet. Toxicol. 5:1-9 (1967). Copyright 
by the Pergamon Press Ltd. 

NH
2 5~ ~~Hz Clllll.-- ~NH_z __ ' "- I !Ill. 

• n ~ m f . 
S= 

-N=N-0-SOJNo ·Jy· •:¢c'"', s 

UHH .. NH 
V z E s z 

Pio. 2 • Structures and synthetic pathways or Brown FK component•. 



Brain et al (1971) chromatographed amaranth and Sunset Yellow FCF 

following British Standards. Depending upon the manufacturer the main 

peak in amaranth represented 78.4-99.7% 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 93.6-98.6% of the whole, but the 

impurities showed a greater range. The impurities seemed to be charac­

teristic of a 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 40% aqueous diammonium sulfate as eluaet, 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 Hg arc and filtering over an alumina column which retained only 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, carborrethoxy, nitro, 

carboxy, cyano, dimethylamino, and p,p'-dimethyl. 

Frankel and Wolovsky (1954) separated the cis a~d trans isomers 

of azobenzene by paper chromatography using the eluant 40% acetic acid. 
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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/meth.mol, provided an ade­

quate separation of: 4-aminoazobenzene {AB), 4'-rydroxy AB, N-methyl AB, 

4' -hydroxy-N-methyl AB, N,N-dimethyl AB, and N,N-cl.imethyl-4 1 ·-hydroxy AB. 

An appropriate range for detection in a mixture was 25 ng-1 J..tg. 

Gurevich and Chu~reeva (1967) presented Rf values on fou~ activity 

grades of silicic acid for azobenzene, p-aminoazob~nzene, 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 O, 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 g~ometrical isomers, 

it appears that most previous publications reportbg Rf values dealt 

with mixtures. 

Hall and Perkins (1971) disclosed a procedure for purifying commer­

cial dyes of isomers and color standardization adj~vants. l~ssentially it 

consisted of extracting either an aqueous solution of the dye with acidi­

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



cases of butanol insoluble dyes. Impurities or addi~ives remained behind 

or were selectively retained in the extractant while the dye was re­

precipi tated. 

Gasparic (1972) discussed paper and thin layer chromatography of 

azo pigments and lakes. Warm N,N-dimethylformamidc 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 colmnns to further 

purify the dyes, prior to identification by known thin layer chromato­

graphic techniques. 
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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 ~d 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 cot ton, 

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 C:.ye wh:i.ch 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 iiber. Alternatives 

to the dichlorotriazinyl group are vinylsulfonyl (•S02-CH = CH2) 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, 

H2NC(O)N = NC(O)NH2 , and azobisisobutyronitrile (AIBN~, [NCC(CH3)2N=]2, 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· r~dicals, 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 uiodegradable. 

Trimmer (1971) reviewed the recent literature ar.d also reported the 

results of his own studies on purifying textile planl 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 couJ.d 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) a~d via intramolecu­

lar ring closure into benzo[c]cinnoline (9,10-diazaphenanthrene). 

Van Beek et al (1971) in a study of 18 azo dyes in water or ethanol 

solution found that flash photolysis in the presence of a proton donor 

first produced -NH-N~ radicals. Two of these dispropo1tionated to form 

-NH-NH- and -N=N-. The -NH-NH- decomposed to -NH2 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 ·Rel 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. 

Kawai (1952) studied the decomposition of p-aminoazobenzene, p­

methylaminoazobenzene, and o-am.inoazotoluene 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 prn~der, or 

liver extract improved the ability of liver slices tc decompose the dyes. 

Spiking of the slices with riboflavin likewise incre~sed 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 er.i, 

and the Thiazine Brown R only 13% 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 F, 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 1 -sulfoazobenzene was slight, but increased if the 

amino group was removed or alkylated. 

von Euler et al (1954) reported on the metabolism uf 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 µg of dye was totally used up. When cancerous 

liver was used under the same conditions, 0, .'>5, and 75% of 10, 20, and 

40 µg quantities of dye, respectively, remairn;d. Homogenized jntestine 

in 24 hours used up 99-100% of the dye. Then· <.1ppeared to be some 1 i mit 

on the ability of tlte rat to clear the dye f n>m its stomach a:-; 2. 3 mg 

remained 12 hours after jntroduction oi 12 mg; J or CtJmparisun, 0 mg 

remained 23 hours after dosing with 18 mg. Blood concentration of azo 

dyes, 6.4 µg/g, was found 20 hours following an oral dose of 12 mg of 

the dye at the conclusion of a 55 day period dnring which Sl+O mg of 

dye was administered, orally.' The liver contained 0.35 pg/g of a mix­

ture of tlw dye and its mono- and di-demethyl at ed 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-dimethy 1-4-aminoazohenzene, and 

3' -methyl-4-dirnethyLiminoazobenzene. 

Kusama ( i lJt,O) _i11 t roduced into the stomachs of male rats the carcino­

geni 1· azo 1:ui:.1.1o(lnds: p--N ,N-dimethylanli noazobeuzene, 2' ,J-dimet hy 1-4-

aminoazobenze1w, p-<:uninoazobenzene, p--i'l--methylarninoazobenzene, and J'­

roethy1--4-N ,N- ,j i methyl arninuazobenzene. He tlw1i showed that Lile dyes were 

bound to tvru~,[ne mot,;,_:nl«s in the ]ivL~r. 

Matsumoto and Ter<-Jy.ima (1961) compared U1r· rates of N-c!L'rnr-'thvlat.ion 

by rat liver lwmogenal:e oi various N- and ring-m1,thyl--substj tuted p-­

methyl, alkylaminoazobenzenes. They d ld not I ind 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 desulfu~icans 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 µg dye/mg rat liver only food Black No. 1 showed any effect, an 

8-16% inhibition. At 400 µg/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 o:r 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 µM; using supernatant 

the decrease was 40%. On a different strain of rats these figures were 

11 and 32%, respectively. Using homogenate, 10 mM a~ketoglutarate, citrate, 

or succinate, and 0~195 µM dye, there was a 36% decrease for the ketoglu-
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Table 14. Reduction of Azo Bonds by Hydrogenase 

THE CO:-JCrN fRATIO:'< OF SUBSTRATE WAS 10-Z ]\J IN ALL CASES 

Substrate 
J>rurl 

CH,-N=N'- CH0
13 

(CH 3),Cll· -::'\=N-Cll(Cll3J2" 

+ 

(cis)1S + 

+ 

+ 

+ 

+ 

+ 

+ 

o-N=N-011 

Jnduat 

+ 

+ 

+ l l 70 % inhl!Jit1on of cnzytTtc at a 
\ conccntrat1on of ro-2 ;t[-

+ j 

+ 

+ 

+ 

+ 

+ 

+ 

Stimulated by Fe=+, Cu21-, Coz+, Hg2 +, Cr3+ 

Slow rate of reduction (ro % of rate of 
reduction of trans) 

1 Rate of reduction same fo 2,2'-isomer. 
J No metal stimulation 
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tarate (mostly reached at about 60 µM dye), nominal de~rease for the 

citrate, and a 53% increase for the succinate (still rapidly increasing 

at 195 µM). With the substrate D-phenylalanine (20 mM) and 86 µM dye, 

a noticeable decrease in oxygen consumption occurred. 

Manchon and Lowy (1962, pp. 1619-22) demonstratP.d 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-R2N-azobenzene (where R2 is all 

possible combinations of H, Me, and Et). They found nc correlation 

between the reduction rate and carcinogenicity, or pi-electron density 

at the azo linkage. 

Matsumoto and Terayama (1965, pp. 331-7) gave rats oral doses of 

various derivatives of p-aminoazobenzene. From the l~vers they ex­

tracted dyes indicative of N-dimethyl types breaking down to N-methyl 

and -NH2 , and of N-methyl types breaking down to -NH2 or dispropor­

tionating to -NH2 and N-dimethyl. Those dyes having -Ntl2 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-aminoa:..obenzen.e to rats 

was 4,4'-bis(o-tolylazo)-2,2'-dimethylazobenzene, apparently resultant 

from oxidative coupling of the 4-amino group of the parent (c:llso 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 first 

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-methylaminoazobePzene, 

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 read~, 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 determirie 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 1erivatives: 

chloro, ethyl, fluoro, methoxy, methyl, nitro, and trifluoromethyl. The 

authors hypothesized that the hydroxylation 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-
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N ,N-dimethyl-4-aminoazobenzene which had a C-14/H-3 -c-atio of 0. 60. 

This ratio was 0.43 and 0.62 in the cytoplasmic and rtlcrosomal protein 

fractions, respectively, of the post-incubation homoi:;enate. 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 dZO linkage reduc­

tion of tartrazine, Orange II, 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 re~ducing 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 homogEmate 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 indi1:::.ative of 

metabolism of common food and drug dyes occurring in the int•~stine, 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 .o 

yellow 2G 
Amaranth 16185 76 95 91 
Ponceau SX 14700 0 1:5 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 JJM), 
MgCl2 (2 µM), NADP (300 JJM), glucose-6-phosphate (250 vM) , 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 P2b 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, ar1d chemically) with the 

two polar dyes, commonly designated Pla and Plb, 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 Plb as 

3-(3-tyrosyl)-N-methyl-4-aminoazobenzene. By oxidati~ with hydrogen 

peroxide the authors were able to convert synthetic '.:5-(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% 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 carbor.s and/or the protons 

on the carbons of the alkyl groups were radioisotopes. Analysis of the 

polar dyes isolated from the liver indicated that: t~e ethyl group was 

preferentially cleaved, only one methyl of the dimethyl compound was 

cleaved, and the dye was not bonded to the liver protein through the 

N-methyl group (the latter in confirmation of work by Lin et al (1967). 

Harris et al (1971) showed that Me2NC(O)N = NC(O)NMe2, a tetra­

methylated azodicarbonamide, reversibly converted glutathione (GSH) to 

the oxidized form (GSSG) in nucleated mammalian cells with only nominal 

oxidation of protein SH. The authors considered the azo con~ound 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 cellt•lose 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 of the 

a-sulfate esters of 4'-hydroxy-4-methylaminoazobenzene and 4'-hydroxy-4-

dimethylaminoazobenzene. If at the time of dosing an i.p. dose of 

rnethionine-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 

0f bovine carbonic anhydrase was completely inhibite(' by the metal-chelator 

1f-( 8-hydroxy-5-quinolylazo)-l-naphthalenesulfonate. 

Connors et al (1972) compared the ability of various preparations 

from rats to reductively cleave the azo bond of 2'-cai:boxy-4-di(2-

chloroethyl) amino-2-methylazobenzene. The preparations were supernatan ts 

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 

flledium 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, 

~onsuming 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 heavie~. 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 percentace 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-pho5phogluconate 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 ability 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 50% at 21 days. The 2-Me-DAB 

bound to liver DNA peaked at 7 days and remained unch:mged. The DNA­

bound DAB/2-Me-DAB ratio was 2.47, 3.69, and 1.6 at 7, 14, and 21 days, 

respectively. 



VIII. BIOLOGY 

A. Metabolic effects 

1. absorption 

Radomski and MelliP-ger (1962) found only 2-4% absor?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 oil, or oleic 

acid showed negligible absorption from the g.i. tract. Previous reports 

to the contrary presumab~y resulted from the use of impure connnercial 

material. 

Walker (1970) reviewed the literature on metabolism of azo compounds, 

including absorption. His review indicates that in general, highly sufon­

ated dyes aren't absorbed. However, there is a good pJssiblity that th~y 

may be cleaved at the azo bond by the intestinal flora, and th1a metabol­

ites may be absorbed. The same "pre-metabolism" inter~eres with judgments 

8n 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-mE~thyl 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 gai>tric tube 

dosing with the labeled sample (+ in the second column) had no consistent 

effects on the excretory pattern. No discernible pattLrn correlating 
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TABLE 16. 
DISTHIBUTJON OP Cu IN THE RESPIRATOllY CAllDON DJOXJl>E, lJIUNf;, AN I> FECES Cl!' 

RATS FED CERTAIN N-llfETIH'l.-Ci•-LABELEO DYf:S 

PEH CJi:l'fT or TOTAL ACTJVITY ADMJNrtnpn:o 

A('l'OtUlll'll 
N-Mnn>vC"· rv.t.n~F.t>INO F.xpired COt t'e<'H l,rinto for in ... 1.~o OF lll'H,Ab&l.IOD 

lJlK Dll> 6 hr. 10 hr. 48 hr. 48 hr. 43 hr. 48 hr. 

l>AU 25 H fiO 6 M 80 

+ 25 51 ()0 4 10 HU 
MAH 25 :m 48 5 ... 18 71 

+ 21 40 51 4 18 74 

3'-Mcthyl-L>AB 24 47 66 7 H 87 

+ ~ 4'l 56 ,, 9,J 8:2 

4'-Methyl-DAR 21 35 46 14 I'[ 77 
+ 20 :!3 47 6 hi tlO 

4'-Mcthyl-MAD 23 4'l 60 7 il.I !lO 

+ 2'l 37 49 8 :l!i 11'2 

S-Methyl-1\IAH 24 40 60 6 10 76 
+ 20 38 69 0 14 S't 

Reprinted with pennission from Cancer 
Research 13:292-97 (1953). Copyright hy 
Cancer Research Inc., and the Ameri car. 
Association for Cancer Research -- ·-- ··- ·------------ . -·-----

carcinogenicity or degree of N-methylation with distribution of excreted 

C-14 was fotmd. 

Ishidate and Hashimoto (1959) examined the urine of dogs after oral 

dosing with 4-aminoazobenzene (AB), 4-dimethylaminoaz0benzene (DAB), or 

4'-hydroxy-4-aminoazobenzene. In the 3-7 hour urine was fotmd AB, N-methyl 

AB, 3-KOS03-AB, 4'-KOS03-AB, 3-HOS03-AB, 3-HOS03-N-glPcosiduronate-AB 

(probably). In the 24 hour urine was fotmd 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 16a, 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. 
BillARY EXCRETION OF WATER SOLUBLE SULPHONATED AZO DYES FROM RATS 

I 

Colour Index I Avcraec excreled I F=ction 
Name No. per cent (4 exp.) ranse --

! A:oht"n:~n~1 
".1elh• I orange . . . . . 13025 SS I JS-59 
3 -Sulpho-4-d1methylaminoazobcnztne 27 IS-40 
Fa!>t ~e!lO\\ 13015 10 ! 2-16 

Ph~n 1•la=o11aph!hal~n~J 
Naf'hl~oilene fast oranse 2GS 15510 46 25-60 
Red IOB~ 17200 12 S--20 
Gcraninc 2GS" 18050 64 60--70 
Pona:au RS 16150 IS IG--20 
C'roin~e GCN !5980 23 l<>-<40 
Sl1mct )Cllo" 15985 22 Z<>-30 
';;,.ark\ G~ .. 14815 0 
P01J;:.e.Jo SX 14700 48 ~ 

A :01ri1>-1h1 t1:.Jft•rte! 

Ca~rnvi~IOe 14720 38 J0.-.4<1 
Bn!l1..1 )\ \C,ulet 16255 34 31}--45 
..\mar.m:h 

Pl.r-m lo.:r,p1·ro.z~i~s 
i6185 53 U-79 

T .utrM1nc .. 19140 I G--2 
Lt:.~:irrnnc fa~t ycllo~ 20 .. 18965 96 95--100 

Radomski (1961) studied the fate of Citrus Red Ne. 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 ± 1% 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 1.1% 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. t.·-7. 8 fold. Ethereal 

sulfate analysis on the same urine (pooled) showed a 2.1 fold increase. The 

major component in the urine was the 0- 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 0- 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 
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27 day period 86% of excreted activity was in the feces, 14% in the urine. 

About 43% 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 µg/g of No. 2. Within 24 hours there was no remaining intact dye 

in two cases, all of it remaining in two cases, and 23% 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 0-glucuronide of l-amino-2-naphthol in the urine of rats given ex­

ternal D&C Red No. 14. 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 tl1e 2-4% 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 azo cleavage 

metabolites (the urine was acid hydrolyzed). About 10% of th1~ N ,N-dimethy i 

AB appeared as p-phenylenediamine, and 70% as p-amino~henol within 24 

hours; neither increased over the additional 48 hours studied. About 18% 

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 90% as 

p-aminophenol within 24 hours; neither increased over t~e 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-phenylenediamirie 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 l-(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 8ingle 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 17.8% in the urine. Chromatograp~y of the feces 

extracts revealed unchanged dye, and dye with a hydro:-:y at the 6 position 

of the naphthyl. In still another test the rats were given the dye orally 

at the same time an i.m. dose of S-35 sulfate was given; both bile and 

urine were collected. In the bile were found six colored and one colorless 

metabolites: unidentified (S-35), unidentified (no S-35), 1-·(o-tolylazo)-
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6-hydroxy-2-naphthylamine-0-hydrogen sulfate N-glucuronide (S-35), l-(o­

tolylazo)-6-hydroxy-2-sulfaminonaphthalene-O-glucuronide (S-35), l-(o­

tolylazo)-6-hydroxy-2-naphthylamine-N-glucuronide (no S-35), l-(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: unidentified (S-35), 1-(o-tolylazo)-6-hydroxy-2-

sulfarninonaphthalene-0-glucuronide (S-35, also found in bile), l-(o-tolylazo)-

2-sulfaminonaphthalene (S-35, also found in bile), unidentified (colorless, 

no S-35), unidentified (colorless, no S-35), and unideLtified (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-aminoazob~nzene 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 0f pure Sudan III, or 

a single i.p. dose of pure Sudan Ill and Sudan IV to iats. 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, ll11changed. 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 metabolite (80%) in the 

urine proved to be 4-aminophenol. The authors connnented 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 
Americ~n Association for Cancer Research. 

TABLE 17. 
THE URINARY Exun,TION (1F N-AcErYL-4-AMlNU.\7.un~;-,;u:-a; AN!• h8 ,\'-, 3-, AN!J 4'-lhnno>;y lh:ttl\A.ll' 

BY IlATll, l\!rcE, A:-.·v Il.urnTERS .11·1E11 1\1>M1N11;-r11o·w~ OF AA!lNOAZ•• Pn.s· 
··-------------

'::-n.l:IU1 SFX (0).tPOli1'0 JJ'..JE.CTU> A'HJ kOUTEb lllf r 

Hat F AAB (~ r.) C1rntrul 
:'II ,\All (i p.) C•mlrnl 
:\I A:\I\ Ii p) H d .o.-drf. 
:'IJ X l I 1 dr11'\y-,\.\ H (1.p.) C"11! 1 ol 
:\I X 11_1'<110\y :\.\II (i.p.) l'.1'.i 1 d1·L 
:--l ,\II ( 1.p.J (',qi! 1'<1! 
.\I .\I\ (i.p.) J:iiH>.·tlcf. 
.\f .\1.\ll (i p.) Control 
).1 :'l!AB(ip) H1!J,.,.<lcf. 
'.\[ D.\B (i.p.) 1~ ibo -def. 
.\1 X-II Ydroxy-A JI (s.c.) Crrnt1ul 
F AAB (1 p.) Co11t10! 
F X-H)d111\y-.\.\ll (i. p.) C .. n(rol 
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F N-ll)dr.iJ>.y-AI\ (a c.) Cuntrol 
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i1.\v<-r.w1· ::!- the 1u11\i:,\,i1• < r1•1r 

~n '- lr:ot tdl·nLtfied) <1JJ1.<llfi1 s that no me t:d1oli!1; ronld ho idl 11tifi<'d. TIH: !ol1tl alrnurption in t hr·~<' !\rt'lll' l(<'lll'rll1._; :·" 1·111:1 t<·d · 
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M1«.L11l1le w:18 foun.! 011 tJi,, l'lir.,m11!oµ:r:1111~ 111 tlw po~1t1<1ll '11• .. 1111ally <wr11pu·d bv A \ll, nncl no A:\B cnul<l he d!'!<·rtc cl Iu th"~" 
Sl-<·c., the lli11lk11t.t!io•d 1111·!11liol1!!' t1111y lia\'l' 11r<·C»ll1tc:d for i;~.1111t 0.J')~ of the tt1lr11111i~tere<I COlllJllllllld. 

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 i~testine, and not by stomach or proxi~al small intestine 

contents. Sulfanilic acid and a material similar to aminophenazines 

(producable from polyaminobenzenes by condensation-oxidation) were 



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 dye (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; trac2s 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 m~terial 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, interspecially, 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 cleaved. 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 content.st of rats given multiple dose st of Brown FK 

Level in diet ( %) 
(!-, 3- & 12-\\k 

Route ... lntragastric Intra peritoneal rcsuits) 
Dose 

(mg/kg/day) ... JOO 1000 100 500 1000 0·001 0 01 O·I l·O -- --------
Princ1ral Interval after 

Specimen finc!!ng-; last dosc(hr) ... 0-~ ()-{) 18-24 0-3 0-6 18-24 18-24 0-3 0-6 18-24 18-24 0-6 ()-{) 0-6 0-6 

Urine DrC'\\ .1 FK (U bar.,.') 0 0 Tr Tr Tr 0-+++ -:-++ 0 0 Tr Tr + 
•nro\\:1 coiour' Tr-·- Tr-+ Tr Tr-+ + Tr Tr 0-++ ++ 0 ++ 0 Tr Tr + 
Su';>h;1·1ilic a..:1d + + + +-++ +++ +++ 0 0-+ + + + 0 Tr + ++ 
'Blue r11,1t.:riar 0§ 0§ Tr 0§ Tr-+§ +++Tr 0 0 0 + 0 0 0 + 
UV-fluorescent spots I I 1-2 1-2 1-2 l 2 l 0 Tr + + 
Yo.:llow spot 

(~l1c«tc~ 0f A band) + + 
Faeces IJrl)'.\:: r-1·: (/\ ~,1nC) 0 c 0 0 0 Tr 0 0 0 0 Tr 0 Tr + .. Tr 

::l1 ·'\"" r;<. 1n bc.n,i) 0-Tr 0 0 0-+ -~- + + 0 0 0 0 Tr 0 Tr Tr + 
S.1:r ,_t" :!·..: ~:..: J Tr--'- Tr-..;. 0 +..L-+++ ++ ++ 0 Tr-+ Tr-+ ..,.. Tr 0 0 Tr + 
~Coll.; u:; .. it..:J c c..:vur' Tr-+ Tr--i- 0 +-+++ +++ +++ 0 0-Tr 0 Tr + 0 0 Tr + 
~rv~y:ni.:ric: rnatcrial' Tr + 0 0 0 0 Tr Tr + 
Pilen:iz;:ic-:·ke material (P) 0 0 0 Tr-+ Tr Tr 0 0 0 0 0 0 0 0 0 
l'\ -~ 1_ .. "':- ... -..:;c...::-t s;-ioLs Tr-I Tr 1 l 2 I I 0 

Ca~al ::·;.y,--- --·:-.:.. (:\ t)~&r,d) 0 0 0 Tr-+++ 0 0 0 0 
co:: tents D-o.,. ~. I- K ( i3 b:rnd) 0 G-Tr ++ _;___;__+ 0 0 0 0 

S:.i11Ji1:.;·_:tr: ::::·cl -t- ~+ +++ _)_ ' _)_ 
'..,..' + - + + 

'Conju;>.1tcd CC''.our' Tr-+ ++ +++ +++ + 0 0 0 
'Poh m.:ric material' Tp 0 
Phcna?in~-1i;...e material (P) 0-+ 0-Tr ++ +-:--+++ 0 0 (I 0 
UV-!it:cr;:sccrit >pets Tr-1 1 l 1 0 2 2 0 

•symbols used; 0, no d1t-:-crrnc:: from controls 'Without Brown FK; Tr, trace; +, + + and + + + present in small, moderate and large amounts, respectively. 
tC::ccal cont~rts' ere ob:air.ed at autopsy. ca~:-ied o:.:t at the c:id of the stated intcrv:i.l after the last dose of Brown FK. 
:A !o•al of 10 dai:" do,~; ''as gi\'Cn by intragastric o~ intrapcritoneal rol.!tes. 
§Colourless m:..:er:al gi\'ing yellow colour with E!crlich reagent also present in this position. 

Reprinted with permission from Food 
Cosmet. Toxicol. 5:459-73 (1967~ 
Copyright by Pergamon Press Ltd. 



Ryan and Welling (1970) dosed rats orally and parPnterally, and man 

orally, with the food dye Black PN. Qualitative findings of the excretory 

routes of the dye and its metabolites are given in Ta?le 19. The last 

five columns on the right correspond to: azo metabolite, sulfanilic acid, 

non-azo 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 

dye 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, he1rt, liver, or stomach 

after i.v. dosage. In Tables 20, 21, and 22 are the ~uantitative measure-

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

Table llf. Excre1io11 of Black PN and metabolites in rats and man dosed witlz the colouring 

Route of Excretory 
'. DSA Species dosage route Black PN SNSA SA ANSA AH ND A 

Rat Oral Urine + + 
F:icces +• + + + + 

lntrapcritoneal Urine +• +• +. + + + 
Faeces + + + + 

Oral Dile + + 
Intravenous Bile + + + 

Man Oral Urine + 

+ = Compound present - = Compound absent 

*Found only after single <lose of 100 mg/rat. 

Tab!e1~ Quantitative excretion of metabolites of Black PN after a single oral dose of the 
colr>uring to rats and mo11 

Excretion of metabolite (~~ of theoretical yield) 
with Black T>N dose of 

Metabolite Excretory Time 
excreted source (hr) 20 mg/rat 100 mg/rat• 240 mg/man 

SA Urine 24 36·7 40·5 23-6 
48 6·9 1.'."·8 13·5 
72 0·9 2·5 

Total 44·.S .58·3 37·1 
Faeces 48 29·5 30·2 

72 5-7 2·8 
Total 35-2 33·0 

Urine/faeces 
total.. 79·7 91-B 

ANSA Urine 24 <hi 
Faeces 48 <1·0 

•Trace of Black PN in faeces. 



Table 11. Quantitative estimation of some metabolites in bile anc/ tlze gastro-intestin11l 
tract 8 hr after a11 oral close of 25 mg Black PN/rat 

Metabolite 

SNSA 
SNSA 
Black PN 
SA 

Source 

Bile 
St0mach + contents 

do. 
Intestine + contents 

Theoretical yield of 
metabolite(%) 

Trace 
3 ... 

18·4 
10·1 

Table ZZ. Quantitative excretion of some me111holites of B!.1ek PN after intraperitorrea{ 
injecrion ,;f thi: cufu;mnr; to rai; 

Excretiou oi rr,(~abo!1:\) ( % of d1c0rctic.i.l y11;!d) 

Metabolite Excretory Time 
excreted ~ource c;:r} 

SA Urine 24 
48 
72 

Total 
Faeces 48 

72 
Total 

Urine/faeces total 
Black PN Urine 24 
SNSA Urine 24 
ANSA Urine 24 

•No Black PN in urine or faeces; no SNSA in faeces. 
tNo Black PN or SNSA in faeces. 

with Black l'N do;c (mg/r;u) of 

10• 20• IOOt 

60·2 :J·4 4~,·7 

80 :5·9 15·7 
00 ()·0 3·5 

68·2 65·3 65-9 
13-9 20·1 19·0 
6·7 4·0 5·9 

20·6 24·1 24·9 
83·3 80-4 90 8 

O·O O·O 06 
n 8·2 6·0 
5·0 :rn 

Tables 19-22 reprinted with permission 
Food Cosmet.Toxicol. 8:487-97 (1970). 
Copyright by the Pergamon Press Ltd. 

the metabolites DSA and AlINDA 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 enzym•~s 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 co.1trol 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 it is seen that, with Neoprontosil, the bacteria are involved even when 

1l 



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 1.9%, respecti•ely. When Neoprontosil 

was dosed orally to these altered rats, 1.4% of the glucuronide appeared 

in the bile after 24 hours, and 14% appeared as sulf&.nilamide in the urine 

at the same time; when the dose was i.p., these figures were 65 and 14%, 

respectively; when the dose was i.v., these figures were 67 and 9%, respec­

tively. 

3. transport 

Ryan and Welling (1967) showed that unchanged dyP. could be recovered 

in the feces of rats given i.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-dimethylamir.oazobenzene could be 

transported across the placenta in rats, producing ch.10ges 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 radioactivity 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 3 'S in rat' receiving ["S] Prontosil orally with and 
without treatment with antibiotics 

Th,• or:i.l do.,e of l'·S] P1u:1to,il hydroch!oride \\'JS 56 m:5ikg a'ld each r:it received 
10 1«'i or 3··S. The ant•biot1c :re,!tc·d r.1ts e,1ch recc.:ived oratly neomycin q1lphatc- (100 mg), 
b.ll i:racin (SO 111!,!) :mt! tctr:.lC'!·cJinc h:.drncb!n1 ide (50 m:.:;) t•1·icc d.1i!y for two days before 
P1onto,il. The ant1bi1itics "<Te then given+ h before :md 4 and 2.J. h after the administra­
tion .if Prontosil. Tlw urin.l! y mc·taholites wac sep:ir.1te:l by paper chronntogr.iphy and 
r.1dtochrom,1tngram ~ems P'"l' 1r,,d. The m~taliolites were dctc-rmined by cuttirn~ nut the 
~rr1111•ri·1tc an·.1s from the p:t 1)t:r a1hl counting the area<; m the scint11latwn sp•·ctrometer'. 
'The il~:ures given ~irt• tl1e U\ t r.1~c \',llues for three ra!s \Vith ranges in parentheses. 

:\fall!rial examine<l 
Days after 

dosing 

l:rir•e 2 
Faeces• 2 
Lin·r +lung+ kidneys+ spleen 2 
Gastointcstinal tract+ contents 2 
Rest of carcass 2 
Tec,!l nf above items 2 

c,..,. ;>0111•nts of urine 
Prnn:os1l .V-glucuronide 0-1 

1-2 
Total 

Total sulphanilamidet 0-1 
1-2 
Total 

St:m of above compcmcnts Total 

0 ;, Dose of 35 5 found in 

Control rats 

81(7<3-S+) 
2· 1(1 ·7-2·4) 
1 ·8(0·4-2·9) 
3·3(2·2-4·3) 
2·4(2·3-2·4) 

88(84-92) 

4·6(3 ·5-5 ·6) 
0·8(0·6-0·9) 
5 . 4( 4. 3-6 . 2) 

60(52-71) 
14(8-21) 
7+(72-/q) 

79(76-85) 

Antibiotic-treated 
rats 

.J.3(41-45) 
4·+(1 ·7-6·2) 

1·8(1·0-3·4) 
36(30-45) 
6·9(5·4-9·6) 

92(90-96) 

1 (1-1) 
3(2-3) 
4(3-4) 

6(5-5) 
33(31-35) 
39(35-41) 

43(39-45)_ 

"'At ]east 80;6 of tl~e faecal acth·ity was present as sulphanilamide (free+acetylated). 
·i Free+ acctylated: in the control rats about 82% and in the tre~ted rats about 90% of 

th· c•. ~'.!! ,ul;:.h:•nibrr.ic'c excreted was acctylated. 

Tables 23 & 2.4 
reprinted witll per­
mission from J:eno-­
biotica l:l4j-56 
(1971). Copyright 
by Taylor & 1rancls 
Ltd. 

T::ible 24. The effect of antibiotics on the excretion of total sulphanillamide by 
rats receiving Neoprontosil 

Neoprontosil di sodium salt (100 mg/kg) was administered dissolved in watt.'r. The 
ant1biotic-treatecl ;minnls receivcJ ordly 100 mg of neomycin sulphate and 30 mg of 
nystatin twice daily for 2 ch!ys before an<l after gi~·ing the drug. Urine wns cullected daily 
and anr-l~sC'd for free and total sulphanilamicle. The results are the avcragC's for three 
animals with rnnge;. in parentheses. 

Days after ~6 Dose excreted in urine as 
Route of administration Treatment dosing total sulphanilamidc" 

Oral None 1 42(38-45) 
2 43(41-45) 

Oral Antibiotics 1 1:>(9-15) 
2 1'7(10-24) 

Intraperitoneal None 1 3 ~(26-39)t 
2 37(27-41) 

Intraperitoneal Antibiotics 1 19lH-26)t 
2 26(18-36) 

*' Frt>e -~ ac .. tybtt-d; in thiq Sl'ries of experiments the extent of an·tylntion wns 77-86~ ~ 
nf tlH f,,tal ,11l:ihcP1ilnmirlt· !'>:Crf'tecl rl!ld was tmaffP<"ted hy the antihi<-tic-s. 

f ~''it•· .. "'>( 1l "'i.:' d '\ ·r•i•1(•qt, .... .,i? (P 101
''. t>f cf(""f') t'•{<i.:;: fnt1r"d in the utiqt- fl.ft~r t.p. 

j;.jt..• .;.,.,, 
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TABLE 24a. 
D1sm1BUTION OF RADIOACTIVITY Ill HATS }<'ED CutTAIS 

N-METlfYJ,-C14-Ul!ELED Dn:s 
DAB 41

-1111 U•yl- :J-r.1:1t/1\I- .1'-mdli)I· 

))A II ~l \II D\ll 

l\I M p F F* M .,, !II M ~1 \I 

Duratinn of e~perimcnts, hrs. 5 )0 10 JO IO .~ 10 5 )() (i 10 

Per cent total Rclivit y: 

In n.·,1>ired CO', 5 hrs. 'l6 vi 'l5 'l.5 19 23 ~?O '17 18 l[• :!fl 

" • JO " 40 47 48 30 40 ·!I 5~ 

Jn ,fomach and smali intes- 13 8 5 3 8 20 B ],; 7 'i7 .) 

li1tc Clln!cnts 
111 cH1.i11 and l?cr>;e inl<·stil'e 5 s 6 !l 5 3 6 4 4 ti 

and fcce~ 

Standard 'l'"('ifw activilyt of: 

Liv( r protein 100 HO ~50 200 kO 150 l<H i '''l \: i• 1<'11 

Liver 'crine (protein-hound) 1,000 1,400 3,400 !l ,~(10 7,-,(j Q,(100 fi:lO \i'~ !I ~: '1U i ,1:1'1) 

Liv. r ehn!ine 4,GUO li,o;_•u 7 ,!lOO 6,0UO 9,400 !l,FlOO 5,:JOO 4,IJOU 4,000 ~.)(I(, 5, '1dP 

Per c<"1l acli\'ity: 

Q( M rine in ~-C8f0011 08 104 JOO 100 DO 05 11:1 !H H:l !HI 
(If rhulme in methyl rroup• 66 77 70 77 Cl8 100 76 89 Hi 8':! 77 

• Pooled M.mpl"s lrom two imrnt1.l1Jff rah; eee .. Alt:lhods!' • • • • 
' ,, . lO'Xoh .. rv•<l•rwrifiondivitv Reprinted with perm1ss1on from Cancer 

t st.ndard "1'<<•6cac1 .. ·1•y crount•/mm/mg) - ;;;.\~~;[y-~;1u1;;.r.t' • .:;:;i(.,-.. n1~1~:;;;i· Research 13: 292-97 ( 1953). Copyright by 
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 d~ys using N-15 

labeled DAB. In separate experiments the labeled N was as follows: 

= N-C5H4N*Me2 (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 liveL of metabolites 

of DAB. 

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

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

diet containing O.p6% of the C-14 DAB for 72 hours (elapsed time from the 



initial force feeding). The liver was sectioned, rinsed free of non­

protein botmd DAB, and then autoradiographed. Very little activity 

appeared arotmd 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 µg/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 s1~ven day 

experiment) of the dye. He fotmd that dye content in the fat dropped in 

a linear fashion at the higher dose - none left on the sixth day from 

15 µg/g after the first day, in a logarithmic fashion at the lower dose -

none left on the seventh day from 13 µg/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 µg/g after dose 1 showed 0 µg/g after dose 7; males show­

ing 13-47 µg/g after dose 1 showed 0 µg/g after dose 10 (6.5-24 µg/g after 

dose 7). Drop off was smooth in the females, zig-zag in the n~les. 

Storey (1968) studied the distribution and retention in c:onnective 

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 noticeable 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. 

TABLl<~ 25. 
(iCA vnT.\TIVE HFF;,H1·:xo: DAT.\ ron HATS I.:s1m r:-; N 1s-LABELEV DAri E:-.PERI.\tE:>TS 

Ht l 
2 
3 

J()(i 

122 
l!\6 

4.8 
5.9 
7 .1 

- TOTAL~ 

JN I.l\Jm 

(rn:Q/~" 
)\l-;T WT.)· 

:l!l 
21 
07 

l.80 
l . !l·t 
l 94 

'PER Ct.NT Of PSK CE~T OF TOTAL 

TOTAL Hl'C( ISlC 

NlTHOOJ.:~ hl:.11) JHlOGE ....... A8E 

------~--- -----~--

:\ .\[ s " .\I s 
-------

13 28 ,)fl a !H 3 
18 27 5:"' 4 85 11 
12 28 GO 2 93 5 

B 25 61 !l !JO 7 
18 27 55 I 86 10 
12 28 60 :l 90 7 

--------------~-----

• .\naly,j, o( in.!ivi<l11al rat live"; avc-rage of three experiments for each snrnplc of DAn.· 
t An:dy·.i< of pool oft hn·c to four rnl livers; average of three experiments for en<'h snmplc of D.\ll. 
N" =nuclei, 1\tl = 1111lo('l10111lriu, S = rnicro~omc-supernatunt. 

TABLE 26. 
DISTlllllllTlON OF N 16 11' Till-: 1'cn.1:An, :\!ITO( l!O!l:!Jlll.11. 

AND MICl!OSOME-SUl'Ell~AT.\NT FH.\C'f!O'\S \lF THE 

J,JVEll OF HATS F1m 1'15 .J..\JIELlm DAB 

::\'U <'0'<'f-.~TH.ATIO~ .ATO'f Pt-H '•·'Tor TOTAL 

n:H C'> • ..._,T •·'-' n,. .. x 103 ~llo J~ 1,1\Jo.H F'.'\.l't-.11/\tt.ST 

( ,M f-.111 f,14 ) ) 
-------------- ______ .,. __ 

]If .\I 

DAB-I l .i l fl 'l !) 8 ~N 70 
})AB-'l 1 !l :1 5 ., 1 10 'l.7 6~ 

]):\11.:l 'l..l :l !I 3.7 8 'l.4 68 

--- -~--------- ~-----·--
E.wh value j, the nvcr:igc of lhrC'c expC'rime11L•. 
N ·= rnwlei, :\I= 111ilol'honilrin, S = mi!'ro•nmc->llp<'rnnlnul. 
Thi' N 11 (•onN·nlralion bas hccn corrected for the nnlur•l 

ront<-nt of N 11 of the pnrlirulnr fraction~ ns dclf'rmincd on ral• 
fe<l llie diet cont.•ining noni"'llopic DAB. 
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'l':\ BLE 27 • 
HEL.\TJ\'E Co:-;n:.-.;TflATIO:\' nF ?\'; ' ' Till: ;\i:n i: ut 

\l t TOC if I J ,';!lit !.\L, .\ \ D ;\ f IC it! hO~I E·Sl'P Elt '\ .\'J'.\ \ T 

Fil \CTIO:\S OF TIU: LIVEH OF H \T,, FED?\" •,.\l\J·:u:n 
DAB 

EXl'l'.Hl\IJo~:O..T 

(REHi>.• I) 

-------
DAB-l 
DAB-2 
DAB-3 

:\( 

---------
I 0 I. ·i 2 I 
I 0 1.8 2 2 
1 0 1 ·~ 1-s 

~[ 

----- --~ --- ~ -

l 0 I. 0 I () 

1 4 l 8 l ~ 
1 5 1 .5 1 :1 

i'\' =nuclei,~['~ rnitochondrin, S = mi"ro,ome-suprrnatnnt. 

TABLE 28. 
DISTHIUliTIO!I." OF XI'fHOGE:\ A:\D ~"I:\ CHEMIC.\L CO\S1Tl'UE:\'IS OF 

Nucu:An, M1ToCHO!l."D1tL\L, A:\'D surt:n!l.".\T.\:-..T FnAcTrn:-;s cw 
THE LIVE!l OF HATS l•'~;u N 16-LAllELED DAB (SE!l!ES TI) 

============------------------

M.4.T>lllAI. 

Tol'AL NITUont:., ~u;Q/G\f, 

WtlT WT, or f,l\';atX1o2 

A ro:w: r>.H ct;!'iT 
r;xc1o;t1A :-.;ux10:1 

-------------·-- -----.--~----
D.\ II· I UAll-~ DAll-3 (),\11-1 D.\11-~ J>AB-:1 

Nuclri: 
Col<! uci1l-sol11ble 
Lipit!e 
Nnrl«ic n<·id 
l'rolcin 

Mil11«l11111dri11: 
( '11Jd lll'itl·Mlll\lhlll 
l.ipi1l1• 
N11 .. J.·i•·11 .. i1I 
l'rolt•in 

~ [ irr< "°' 111'-H 11 prr• 
nalanf: 

<'uld ""id -soluhle 
Lipidt• 
N11d.11ritl 
l~rot•fll 

0.8 
!l.7 
Cl .. ~ 

11 .. ~ 

1.0 
I I .II 
't.7 

'l'R.·I 

J0.-1 
:1r..7 
r..u 

117' :1 

O.!l 
8.0 
7.4 

HlA 

I. ·I 
1:1.7 
:l,'t 

!l:l.!I 

10 .. 1 
~U.7 

Cl.ti 
• r.r: I 

0.8 
10.!l 

11.7 
7.0 

I. ·I 
111.8 
:I .•l 

:11 ';/, 

ll.R 
:1r..o 

7 .. 1 
11':/.)I 

:1. 1 
\! 0 
o• 
1 . II 

':l..7 
l!.11 
'l.K 
I .!l 

4.0· 
5 8 
o• 
2.0 

!l.:I 
:1.11 
!I. ll 
't". 0 ·-

4 () 
4.0 
o• 
:1 {) 

·I.I 
!I.II 
:1.0 
2 !i 

• Too low to measure nccuratcly. 
Tiu~ 1'" <rnu.•cnlmlion hns been eorrecte<l for the nnl urn I cont 'nt of N 16 0£ the 

particular frnrlionA ns determined on rats Ced the diet containing nonisoto:[lic 
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 Schmahl (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-nitro-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 fouc caused considerable 

weight loss. In order of decreasing damage to the li-,er, the compounds 

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 µm. 

Takahashi (1953) reported the following azobenzene compounds to be 

estrogenic in mice (compound, dose in ~g, % ot lllice responding): 2,2',4,4'­

tetrah7droJ1:1, 20, 100 (10, 60); 4,4'-dihydroJ1:1, 1000, 80 (500, 20); 2,4-~:­

hy'droJ1:1, $00, 40; 2,4-dih.7droJ1:1-2' ,5'-d:i.met.no.x;,r, 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 B1 and lower B2 levels than controls. 

A similar result obtained with vitamin C, but the females wer1~ dependent 

to some extent on the vitamin content of the pre-experiment diet. 

Akai and Yasumori (1955) cultured the fungus Cochliobolus miyabeanus 

in a nutrient solution containing 10 µM-1 mM Congo Red or 0.1-0.5 mM Chrys­

oidin. Maximal growth occurred at 0.25 mM Congo Red (39% 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 thP. 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 100% estrogenic activity as a 50 µg s.c. dose in castrated 

mice, 0% as a 30 µg dose. The same figures applied fer 2,2'--dimethyl-

4,4'-dihydroxyazobenzene. In the case of 2,4,4'-trihydroxya;~obenzene or 

2-methyl-4,4'-dihydroxyazobenzene, a 300 µg 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 valves and presents them 

as methaemoglobinemia. It may be seen that there was no correlation with 

carcinogenicity. 

Table 29. Methaemoglobinemic Activity of Some Azo Compounds 

Azo Dye 

A7obcn7t nc . . . . . . 
4-d!t1H'ti1 \-la1n111oa1obcnzcnc . . 
4-.atn1t1d,1-J:.Ohf'11/i'llf' • • , • • • 

4-mo111 Hncth vl. 1m111oazo1wnzenc 
4-111r!llocth;l:uru1tnawbc111t'nc . 
4-mothylcthyl.1111111oaznhonzcnc . 
2'-mt•thvJ-4-dmlt th} 1.11n1noazohen1cnc . 
3'·tlll'th\ 1-4-tlnrwtll\ la1ninna1obC'n1,r-nc . 
4 '-tnPtli \ l-4-~ ti !Ht th\ 1.1m1no~l10bc111e11c . 
4 '-(' tt1~ 1=-t-<li1uc th v1:11111110.1r,)ber11(·1i c 

Carcino- 11\Icthaemo· 
gcnicity globmcmia 

I% 

++ 
± 
++ 
++ 
+ 
+++ 
± 
j- + + 

0 
140 
IH 
123 
126 
180 
38 
53 

0 
0 

R~printed with permission from Natur­
w1ssen~chatten 46:535 (1959). Copyright 
by Springer Verlag. 

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. Cor=esponding 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 i..1 A, B, and C, but 

only 14% in D. Thyroid weight ranged 70-80% of normal, D being lowest. 

Pituitary weight of D 'was 90% of control. Adrenal weight was 135-155% of 
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the control, increasing in the order A, B, C, D. Testis weight was 110-·1 l ')'%'. 

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 2verage, 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-arninoazobe~zene, followed by 

the 2,N,N-, the 3',N,N-, and N,N- itself. 

Neish and Rylett (1963) gave rats i.p. injection3, 16.5 rng/100 g, of 

azo dyes, and measured the hepatic glutathione level 24 hours later. The 

glutathione (dye) I (control) ratios found were: 1. 9 7 for l' ,N ,N-trimethy 1-· 

4-aminoazobenze11e, 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 h~patic: glutathione, 

reported that 24 hours after an i.p. dose of 16.5 mg/100 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. AL-

though the control diet seemed to be deficient in sorne-:hing 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. 

T>.nLm 30. Effect of a low and a hl~h carcinogenic derivative or 4-dimethv.amino.!l.zohenzcno on the ky m1rcnlno 
hydroxylaso activity of rat liver-

Enr.ymo activity• 

Diets 

Bn~nl diet 
BnHal <lil't with 

O.<W% 4'1\111-nAn 
0.011% 3' l\fl'·DAB 

0 Weeks 4 Weeks 

(3) t 0. 51 ± 0. 04t (3) 0. 32 ± o. 05 

(3) . 14 ± . 04 
(3) . 14 ± . 07 

·,.~101"~ 3·h)•lN1yk)·nurw1lne twmod per mil mlt~hondrlnl prot.oln (IOl llO mlnut.oa' lncubaUon. 
t="•nnhcr or ox1i.,r11..,nl$; ror each .xparllllllllt, llvors from 2 to 3 r.nlmttb "llfO (IOOlcd. 
: ll.!t"an :1: stAndarJ error, 
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8 Weeks 

(3) o. 46 ± 0. 06 

(3) • 27 ± . 04 
(3) • on ± . oa 

(3) 0. 51 ± 0. OU 

{3) .31:::. .IO 
(3) • 1!J ± . l l 



Kline and Clayton (1964) fed rats 0.064% 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 

tmtil 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 hepdtic 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. Gver 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 14th weeks, but from the fourth week the 

87 



level averaged at or above the upper normal. With ~B a normal pattern 

was seen. 

Manchon and Lowy (1964) demonstrated that rats fed a diet deficient 

in vitamin B2 survived longer and showed better growth when a 2% solution 

of Sun Yellow in water was their source of water. Omission of all B2 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 !ow-protein, low-

riboflavin diet containing 0.06% 3',N,N-trimethyl-4-aminoazobenzene for 

2, 5, 7, and 17 weeks. 

TABLE 31. E!l'<>d ot lTl'pntornrcinoi;l'nic Diet on A<lr<'nnl <llan<I nn<l I.i"l'r C!1<'mlstry or :!ifa:e 
Osborne-'Mcndcl Rnta. Enrh valur is a ml'nn ot drl..rminations on 10 rnts. StanJnrd error f.,r 

each value is within !?% o! n·~p<'dfre lll<'an. 
---

A<Jr, n1ll glall(l: 
Wei;:ht, 

,---Li,·er-~-"' 

Time, A.-corbic St<>roi<b, }'at, mg/100 g Steroids, l"a1, 
Diet wk add,mg/g mg/g nii;/g body wt mg/g 111g/g 

Purina chow (control) 2.38 29.3 186 11.7 3.23 ~9.a 

Hepatoca;cinogenic 2 2.51 35.2 193 l!?.2 3.11 62.-i 
5 3.13 50.5 . 257 l!?.6 3.03 ,tl. l 
7 3.38 61.6 28tl 12.8 2.97 ~V.5 

17 2.17 52.0 290 15.5 3.85 05.7 
Semi-synthetic 6 2.98 37.9 19-1 13.7 4.15 93.7 

-- ----- - - --~---·--

The results in Table 31 indicate higher steroid and fat conte:nt 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 to whole body were 

the same as controls, but did not specify which controls. 

Sydow and Sydow '1967) gave rats a single oral-d0se of ~-0 mg· of 3' ,N,N-

trimethyl-4-aminoazobenzene and then measured various hepatic ftm.ctions 
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over a two month period. There was no change in relative liver size, but 

hepatic protein dropped about 20% 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~h. Arginase was 

unchanged. 

In a separate experiment the rats were given 5 mg 0f 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, 69% after 100 days (both having relatively high spreads), and 81% 

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 reversil•le as seen from 6-8 

weeks on a normal diet. After six weeks normal diet efter 130 days on 

treatment relative liver weight was returning to normt.l, as were the 

glucokinase and glucose-6-phosphate dehydrogenase activities; on the other 

hand, hepatic protein, glycogen, and hexokinase showed no change. 

Doctor et al (1967) showed that rats fed 0.06% 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 2% 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/k? 

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. In the pigs the principal change was 

deposition of lipofuscin in the liver in both sexes at 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, :1epatic 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 3Z. 

Total protein and protein-fraction concentration in serum of control and disazo dye-treated rats cxpresseil as mean values 
in g per 100 ml with standard dci·iaticm 

Treatment No. Total :ind day 
blood drawn females protein 

Control 
8 10 6.30±0.43 

10 6.25±0.54 
20 6.40±0.52 

Trypan blue 1 

8 10 6.40±0.31 
10 5.58:!::0.26. 
20 6. 73 :!:: 0.36 • 

Evans blue 1 

8 8 6.22±0.16 
10 5.83±0.10. 
20 6.20±0.43 

Niagara blue 4B 1 

8 9 6.55±0.26 
10 4.90±0.33. 
20 7.25±0.34. 

Niagara sky 
blue 6B • 

8 s 6.12±0.43 
10 5.80 ±0.'11 
20 6.52 == 0.36 * 

Congo red' 
8 8 6.05±0.29 

10 -- - ·s. 70 ± o.38 
20 C.27:'::0.80 

Niagara blue 2B • 
8 8 6.17± 0.44 

10 5. 70 :!: 0.34 
20 5.55 :!: 0.17 

1 14 mi; of dye per 100 g maternal body weight. 
2 20 mg; of dye per 100 g maternal body weight. 

Gamma Beta 

1.09::!::0.33 1.09±0.10 
0.87:!::0.26 l.08±0.12 
0..19±0.14. 0.93±0.13. 

. 
0.74 :!: 0.10 0.90±0.12 . 
0.58±0.10 * 1.06 ::'.:: 0.14 .. 
0.58:!::0.14 1.01±0.15 

0.61 ±0.10 0.88±0.10 
0.64±0.12 1.29 :0: 0.09 * 
0.38±0.04 ... 0.92±0.16" 

0. 73::: (;.08 ~· 0.9S::'.: 0.1". 
0.68±0.08 0.85±0.17 
0.65±0.14 1.14±0.17" 

0.90±0.15 1.05::<:0.18 
0.80::::0.16 1.15±0.lS 
0..86±.0.38 1.31:::0.11 .. 

I 

0.72±0.14 0.97±0.03 
0.53±0.13 l.O'h: 0.13 
0.34±0.04. o.au::t:v.d 

0.75±0.14 O.SS:o::C.H 
0.65 :!: 0.12 0.%:!:0.~·1 
0.38±0.05 .. 0.91±0.28 

• Represents a sign:Uicant chani;e from the preceding vnlue (P = 0.02 or les> ). 

Reprinted with permission from Teratology 
2:85-89 (1969). Copyright by Wistar 
Institute Press. 

Glol>u!lns 
Albttmin 

Atpha-3 Alph:l-~ luph,,-1 

0.32::!::0.04 0.33::!:0.02 0.78:!:: 0.02 2.65 :!: 0.36 
0.32:.±:0.04 0.30:!:0.0G 0.7G:!:0.14 2.86:.±:0.36 

"b.36 :!: 0.06 0.40±0.10 1.54:!::0.22 * 2.65::!:0.30 

0.40±0.05 0.28:r: 0.CG 0.85:'.:: 1).13 3.23±0.2() 
G.41:'::007 0A3 ± 0.07 * G.SJ::.:U.lG :220:0:0.1::: ~ 
0.34 :!: 0.04 * 0.213 :': 0.JS • 1 . .J~::::(.17. 3..18 ± 0.3·1 * 

o.32±0.oa 0.25±0.06 0.78±0.09 3.38±0.24 
0.50±0.10 * 0.1$7±0.04 * C.84::::0.1.7 * 1.79:':::0.30 * 
0.38:'.:0.13 .. 0.34±0.04 * 1.32.=:: 0.1·1 ~ 2.&G::'.:0.31 ~ 

0.34:::0.07 0.30::: 0.07 C.8Cl:~: C .C9 3.4C:o:O.•!':: 
0.32::.: C'.10 0.32::::0.05 o.cs :± c.ca 2..05±0.l(, ..... 
0.3S:::: O.OS 0.-<~±0.lG 1.~C =-- C.~ ~i "'" 3.33±0.1.::2 ¥ 

U.40± J 07 0.cs=:o.o~ 0.33:<, 0 :2 ~.5! =-·c ~: 
J.52:-"::u\J:J• 0.'!3:.':<J.08" 0 S,,.:.__ ~,_;.t .. _ C" ... -: C ._ 
0.49:cC.13 o.,~:;:::o.cci 1<- } ,1,L,_:_ . ~ ~~Ci::..:,_;:: 

0:32±0.03 0.S~::'.:0.C2 0 72 ;c; 0.13 3.10±0-:J 
0.34± i.l.03 0. 110:=0.J: ~( C.84-:-:COQ ::?.SO±o.:·iJ ..,, 
o.34:.;:: e.01 0.29:o:O.:O :.Gl:.':O.:o '- 2.G2 :c:: O.~.! 

0.27 :o:O 04 0.30::c:G.u7 0~2 ~:.17 3.1 s::: c.=~ .! 

0.26±0.04 0.45 ::!: o.cs • 0.~·~ ::: C O·~ ~.52.::.:: Ci.~·=--\ 
0.33± O.OB 0.46::!: 0.22 l.4G:~.·.J.12 ~ 20l:t:C.2: 



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 exJ:..-eriment are presented, but 

the author did not think there was any conne'2tion between these and proteiP 

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 48% increase 

in weight, the experimentals gained no weight. Liver weights of controls 

increased 39%, of 3',N,N fed 24%, 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-o­

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-tr:msaminase and serine 

dehydratase. 

Decloitre and Meunier (1970) fed 0 .06% of 4-d~.methylaminoazobenzene 

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 a~ove zero, the hamsters 

considerably above). 

Over a five month period the hepatic azoreductase and NADPH-cytochrome 

c reductase activities were measured. The hamsters showed a fluctuating 

decrease of 10-42% in azoreductase over this period, and a decrease in the 

other enzyme over the initial six weeks of 8-30%, and from nine weeks on of 

40-50% (both non-time related fluctuations). The C3H mice showed an in­

crease in azoreductase of 10-40% from weeks 2-6, and a decrease of 40% 

from months 3-5. Their C reductase increased 70-80% 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 o~e 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 c reductase was 50% high at week 

2, 30% high at week 3, normal from weeks 4-16, then 50% 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. lf 

the diet were maintained for 60 days, then the increat..ed level of activity 

was maintained for an additional 300 days. 

Poirier and Pitot (1970) fed rats 0.054% of 2,N,1~- 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, feel a 30% pro­

tein diet for 2 7 hours, and fasted another three days. The livers were 

then examined for various induced enzyme activities. The 3' ,n,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-phosphoglui:::onate de­

hydrogenase and glucose-6-phosphate dehydrogenase, without affecting the 

others. 

Gaunt et al (1971) fed male and female immature rats 50-)000 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. Hemoglobin 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 w~eks 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, lacttc 



dehydrogenase, gluco~ .n-Ea nl trogt''l, co> al ~,rotein, and albumin. The 

only significant change c1t ti.· "<0.0.':i h·vel <ts a decrease in glucose in 

both sexes at six weeks at tht· 5000 ppm level (but not at 15 weeks). All 

internal organs were examined but only the spleen showed a weight change -

an increase (P<O .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 i.ncreased to P 0. 01 for the 

heart and liver, decreased below P<0.05 for the adrenals, and increased to 

P<O. 05 for the female gonads, and ileum (P<O. 01 at the 500 ppm level) at 

15 weeks. In addition the adrenals of both sexes at 5000 ppm after two 

weeks (only) showed p·o.os 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 botP at the 600 ppm 

level at 15 weeks. Hemoglobin dropped in two week females at 6000 ppm, in 

males at 1200 ppm after six week::;, 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 pp~) in 

females after two weeks, at 6000 ppm in males and 1200 ppm (not 6000 npm) 

in females after six weeks, in males at 60 and 600 ppm and females at- 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, ctnd the I ymphocytes showed a s,nall 

decrease at the same l<~vels. There were no s.ignificant changes in blood 

chemistry. Examination of the urine showed lower specific gravity in 

6000 ppm ma Le,; at six and 15 weeks, and 1200 an<l 6000 ppm females at 15 

week:. (all ()--fl hour h\l''l·i111ens), ;md i11 6000 Plil11 t·emales at 15 weeks (16-20 

hou 1 : .peci111,•11 l. An 111, i .:.Jse in urin« •10 lum« 1J._1., noted in 6000 ppm ma l.e'o 

at t» weekc; (11,,tll ti111t~ pt:-riods), and [11 1200 ppm females at 15 weeks (0--h 

hou1·.-,). Ori•,.111 welglti- 111c·1·eases occtirt«d in tl1v spleen - 6000 ppm t1.•maJe~; 

at twu weeks, 1200 an,! 61l00 ppm both s•:xes <Jt six and 15 weeks, and in th(' 

livi>r - 600U i'i'"i fem;.ilt.',-, <•t 15 weeks. Relativ'-' organ weights showed simit<11-

incrPases !or tlie sph·,:t1 1..'.XCept for addition ot the male at two week>;/6000 

ppm and deletiun of the mule at 15 weeks/1200 µpm; other organs showing 

relative changes were: brain - decrease in 15 week males at 600 and 120U 

ppm; liver - increase in two and 15 week females at 6000 ppm; thyroid -

decrease in two week males at 1200 ppm. 



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 hlue at 50, 100, and 

350 mg/kg to rabbits. The lower two doses had no eff~ct 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 cotmt, but recovery was complete in 

about 20 minutes, followed by attainment of a long las~ing 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 SO 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, ~ith larger vessels containing 12rge numbers of 

leukocytes and platelet aggregates. 

Popa et al (1971) reported that 0.1 rnM toluidine blue totally in­

hibited the synthesis of DNA-dependent, highly polymerized RNA in KR 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-pyruvL 

transaminase, glucose-6-phosphate dehydrogenase, aldolase, and S-glycuronida-e. 

Iga et al (1971) gave adult male rats 30 µmole i.v. doses of the dyes 

amaranth and new coccine and studied the simultaneous excretion in bile and 

elimination from serum. In four hours 80% of the amaranth had 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 Lithocholic, 

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 ursode0xycholic. 

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 



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<O.l) after one week at 1%, 40% (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<O.l) at the maximum level in one run, 

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 rnsults 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 weights 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 eq~ivalent 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 ~n 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 i.p. injections to rats of 0.3 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 houre 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 hou1s, 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 serniniferous tubule degen­

eration, Leydig cell degeneration, and engo~gement of blood vessels. At 16 

hours the edema had decreased, but now the interstitiJm 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 n~dular hyperplasias 

of the parenchyma. All dosages caused proliferation of hepatic bile duc­

tule epithelium cells along the triads and the interlobular septa, some­

times intrahepatically also. 

' 

101 



IX. ENVIRONMENTAL EFFECTS 

A. Persistence and/or Degradation 

Mecke, Jr. and Schmahl (1957) reported a study whicl> might have some 

bearing on environmental longevity. They incubated a variety of azoben­

zene derivatives with fresh baker's yeast and determinea 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 anisidin.eazo-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-dimethylamino-4'-methyl-, 

2-hydroxy-4-dimethylamino-, phenylazo-2-naphthylamine, o-tolylazo-2-

naphthol, and phenylazo-2-naphthol. In the 45-75% rang~ 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 80-99% 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. 'i'he mos:t proficient 

came from Streptococcus faecalis. The following activities re!lative 

to S. faecalis were reported: S. faecalis var. zymogenes-0.9~1, 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. 



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 environment 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- Occu,pational experience, Other 

1. acute, subacute 

Hoffman and Guz (1961) on three occasions subjected 

themselves to injections of Coomassie blue. On the fi~st, 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(l04°F), rigors, 

hyperesthesia of skin and muscle, nausea, vomiting (blue 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 ~g 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. 

HBrstensmeyer (1964) reported a fatal ~eaction after 

i.v. injection of Congo Red in man (mentioned in Tschopp et al [1971]). 

Cohen and Bovasso, Jr. (1971) reported on the! accidental 

ingestion by a 13-month old child of 2500-3000 mg oi phenazopyridine•HCl 

(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 25%. 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 ~rere 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, S, 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-c~loro-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, 200, 500; 4-N-

(4' ,6 '-dimethyl-2'-pyrimidyl)sulfonamidophenyl, 400, 600; 1-naphthyl, 

10, 20; 4-bromo-1-naphthyl, 20, 50; 4-phenylazophenyl, lO, 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, dOO; 4--tolyl/ethyl •c~·­

ter, > 800, --; 4-chlorophenyl/ethyl ester, 200, 600; 3. aryl-·azo-cyanacetil· 

mide and its N-substituted derivatives--phenyl, > 800, --; 4-t.olyl, > 800, 

4-chlorophenyl, > 800, --; phenyl/phenyl, > 800·, --; 4-tolyl/phenyl, > 800, 

--; 4-chlorophenyl/phenyl, > 800, --; phenyl/4'-chloro~henyl, > 800, --; 4-

tolyl/4'-chlorophenyl, > 800,·--; 4-chlorophenyl/4'-chlorophenyl, > 800, 

phenyl/amino, > 800, --; 4-tolyl/amino, > 800, --; 4-chl0rophE~nyl/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, 6v0; 4-chlorophenyl­

azoacetic ester, 200, 300; phenylazodiethyl malonate, > 800, ·--; 

4-tolylazodiethyl malonate, > 800, --; 4-chlorophenylazodiethyl 

malonate, > 800, --. 

Niculescu-Duvaz et al (1966) reported teat the LD-50 for 

4,4'-dihydroxyazobenzene and for the 4,4'-bis[-02CN(CH2r.H2C1) 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. 

Table '3. Acute to;icity of Brown FK In rats and mice by oral i11111b,nion a11d 
intrapcrito11tal i11jcclio11 

Single 
dose 

Species Route (g/kg) 

Mouse Oral 2·0 
lntrapcritoncal 1·0 

l·.S 
2·0 

Rat Oral 2·0 
4·0 
8·0 

Intra peritoneal 0·7.S 
HS 
1'69 

-------

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

Autopsy failed to reveal the cause of death. 

Deaths/group of 
S animals 

Male Frmalc 

0 0 
0 0 
2 I 
s .s 
0 0 

0 
I 

0 
4 
s 

' 

Gaunt et al (1969) reported oral LD-SO's for Ponceau 4R 

in rats and mice of >8 g/kg, and i.p. LD-SO's of 1.6-1.9 g/kg in mice 

and 2.6 g/kg in femal~ rats; male rats had about the Sjme 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 
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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-SO's 

for Black PN to be greater than 5 g/kg in mice (1957 G~rman re~port) and 

also in rats (1967 Gaunt et al). In the earlier Gaunt report i.p. 

LD-SO'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-

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 LD-50, mice, i.p., 2 g/kg, 1966 

4-Aminoazobenzene (AAB) LDLo, mice, i.p., 200 mg/kg 
TDLo, frogs, i. renal, 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, 19~8 
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(l2 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 
TDLo, 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·HCl 
LDLo, rats, oral, 400 mg/kg, 1971 

Azobisisobutyronitrile (AIBN) 
LD-50, rats, oral, 700 mg/kg 
LDLo, mice, i.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 
LDLo, rats, i.v., 300 mg/kg 



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 effE!Ct on growth, 

There was a definite i\ncrease in longevity at the 1% :evel. Survivors' 

splenic weight (relative) increased 2-3 times in both sexes at the 0.25 

and 1% levels. Slight to moderate bone marrow hyperp:asia was noted in 

the 0.25% females and both sexes at 1%. 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 genE!rations 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 deri~atives 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 4J0 mg/kg/day dose 

for the 2-hydroxy. 

Ikeda (1966) fed rats 0.2-5.0% of Pon~eau 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 dead 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) Rhowed 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 0.2% 

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 fJr 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 sto~ach tube doses 

111 



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), l,3-diamino-4-(p-sulfophenylazo)benzeue (II), 2,4-

diamino-3,5-bis(p-sulfophenylazo)toluene (IV), or l,3-ciamino-2,4,6-

tris(p-sulfophenylazo)benzene, a 40/60 mixture of I/IV, or a mixture of 

II, VI, l,3-diamino-4,6-bis(p-sulfophenylazo)benzene (III), and l,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 

1/II/III/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 symrtoms 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. 

112 



T~- '1l:< J'l. Jncidcrrce <>f stn,1- "d-musclc damage induced l•;• fl1ow11 FK ill rdation to daity dvsc administered by 
" sto111aclr tuhc to rats 

------ ·-- - - ·--------,, 
() ;, ·• J . ) " 

O·l -~ -·fJ 23 
., ' ,. 

I 

~: 

1·" .. u ,, 

'./"' ) .. <: 

No. of 

l k,'It 
~------------- -----~-

60 0 
10 10 
~n i (\ 

l, ,' : 
~ ! 12 

10 l ·.) 

i0 9~} 

10 90 

Percentage of rats ;tlkctc:d 

0 
JD 
·) 

Sk·~il.~~a1 

r:iu~~.: 1 i..; 

0 
10 

(; 

22 
65 

Tauic J). J::cii.'.·11rc of st1 "::c·d-musclc dama:;c induced by co111po11cnts of Brown FK administered by stomach 
- tube to rats 

Percentage of rats affected 
D:iily No. of 

h·~atcrhl dose No.of ·rats Skeletal 
. ~drn ni~tc11:d (g/kg) do<;cs* c-;amined Heart Tonr;ue muscle Di:1pbragm 

~0.iinc 6-16 20 0 0 0 0 
lirown,i.K 1·0 2-IG 16 69 94 75 81 
Conip< ."1d [ 0·5 2-6 9 JOO 89 22 <14 
Comp•>:rn<l II 0·5 2-6 10 30 50 30 40 
Compe:a!ds H Il1 1·0 2-3 12 75 100 100 100 
Comr<'<ln<.IS I+ !Vt 0·5 6 10 0 0 0 0 
Co:11r~·u:1Js I ~IV l 1·0 3-16 10 10 30 0 30 
Com;1.>.:nd IV 0·5 16 10 0 0 0 0 
Comp.'tllld VI 0·5 7-12 6 0 0 0 0 
Com1·uund:; li+lll+V+Vf 0·5 (j 1 l 0 0 0 0 
Comi-.•und~ h 11-Lflf-i Y+Vlt l·O, 5-6 10 50 70 40 50 

*J(c:.;~1::, rqHc''cnt tind111'."' from two studies in which rats were dosed for up to 6 or 16 days respectively. 
1l\.1L\..LITC cont.\illt!l_G 50~1~ 1. 
l1'.li,.: 1m.: co:~:.11111ng 40~~ r. 

Table'"· l11ddc11cr of stdatcd-mmcic dama:;e i11d11ccd irr rnr1ot1.v srccu·" by JJ,·011·11 Ff'(/ g//..g,'.l,1y) ad111i11is­
t1-rc•d by ,\/O/ri.f( Ji fU,',.. 

Pcrc·cnla!~C of an1111.1I, :itkctnl 
No. of ------------------ ----------

No. of animal~ SLclctal 
Species doses (''\;'lllll!K'd lkarr l'o11gue lllll~Li~ -------· 

P.:it 1-G 12 85 72 (,) 

Guinea-pig 3-1 l 12 33 5:J 59 
R:ibbit 3-9 ll 91 (>.~ 55 
~~OlbC (, 12 0 0 0 
H:111,,tcr I •1 12 0 0 0 -·-------
For cad1 $pt:(k.;, i•.ruup:. ofs1a1il.1r si.z.: \\.;re d<)S:d witl1 \'.. 1:.:r and no!·. ''"11' '""'c >cln. 

Tables 34-36 reprinted with permission 
from ~ood Cosmet. Toxicol. 6:1-11 (1968). 
Copyr1ght 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 i~p. dosing did not produce the mu~cle 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 proceiures 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 cEdls at 

week six but not at week 13. Urine and serum chemical analysE!S were 

normal. Relative internal organ weights were also considered normal. 
, 

Au~opsy and histopathology on sacrifice bf the animals reveal•~d no 

abnormalities. 

Grasso et 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 0.125% level in 

females never did produce unusual mortality. Body wei~ht increase showed 

a slowdown in females at 1% by the 3rd week, at 0.5% by the 25th week, at 

0.25% by the 5lst 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 1% 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 fooc eaten at consecu­

tive three-month intervals showed decreases by females only over the three 

intervals covering weeks 54-93 at the 0.5% 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 0.125% 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 0.25% level and WP.re 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 0.25%. 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 low 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 



one and two years. Relative internal organ weights af~er 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 female:;, kidneys 

of both sexes at all levels, adrenals of both sexes at 0.5%, and pituitary 

of males at 0.125 and 0.5%. Incidence and severity of pathological 

hepatic changes were directly related to dose level, b~t 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/kf,/d, pos:sibly re­

sultant from the feeding of the daily dose in a highly concentrated form. 

Gafford et al (1971) gave male rats daily i.p. dose~s of 

0.2-20.0 mg/100 g body weight of azobisformamide. The high dose caused 

62% 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. Appareqtly there ~as 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 spermatosoidal\resistance, 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 recormnended 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 imolantation. Fetal 

mortality increased notably at a dosage over 15 mg/kg. Weight of live 

young was not affected. Percentage of resorptions inr.reased 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.l. 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, 19l·9 

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, oral• 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. In column 2, the higher 

the number the higher the carcinogenicity in rats (not necess:arily 

the same in the guinea pigs used here). The cross-rea~tion 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 100% 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. 

T11bh•;11, SExs1riz1xc; C'.1P,c1n· .<~J> C.UICINOGE:>IUTY 01· Azo DYES 

Currmo-
_\/.(I gcmc+ 

d} t'. lrnl•'' 
(r.>t) 

l•A ll 6 
:J'(; It, l >.\ B 10-12 
:r r ll.\ 1: 10-1:2 
!'Cll,lHH <I 
.j'f J),\ Ll )()-t ~ 
.\L\H 6 

Z Cl!,D.\ fl 0 

.. ,~ lfJDA H 0 
3'Ct-',IL\ll 0 

2 on DAI.I () 

2'01:1 DAI.I 0 
p-Am1noazo-

Ucnl.lllC 0 
Azoltcnzene 0 

•For f1iru1ul,c S(C text. 
t St•e rd.::!. 

Hlru.!rn..:t C'ap,l,'Hj 
to r~1t c.q):u:.:ttY! tCi t·lrt·it 
lln~r tn ~hin 

protein-; ,.,en~1t11c.. fCH( tl<il: 'l 
100 (-!) 100 (J) 

JOO (~i ~ .j (*) 

+ 100 (;j) OC (Lil 

+ 100 (5) 73 ii:)) 

+ JOO (5) 80 (10) 

40 (G) ,j,l (1.)) 

JOO(-!) GO (:>) 

0 0 (~) 75 (I!) 

0 0 (5) 50 (20) 

0 0 (f>) 10 (20) 
0 0 (6) 1Q (.!!)) 

0 0 (5) 5 (20) 
0 0 (2) 0 (l~) 

: The 11umbcr:-J refer to the pcrct!ut.1i.:c of :inimaJs 8en..,1titt>d; those in 
br.u:kct:i rn.t1c.1te tho number~ of au1111.\l~ an each experiment. 

§ Crm~s-n·:h t1om1; the numiwrs rcfrr totlh} p1..'rccntageot .n11ma1srnactmg; 
ttw::ie 1n LrJ.ckcta indicate tho numlH."r of i':!u~1tlzctl auunals .!-lh.m te~ted. 

4. teratogenicity 

(Kelley et al, 1964, quoted T. Vickerstaff, 1954, from 

The Physical Chemistry of Dyeing: "It is virtually im~ossible 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 anoth~r, the mothers 
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were sacrificed at one day intervals after injection. Mortality 

(embryo) rose sharply on the 11th 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 vredominated. 

Hamburgh (1954) reported on a follow-u~ 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 15% resorption and 60% malformed embryos, mostly head and tail 

types. The chronology of the malformations is present:ed in Table 38. 

TABL1' 38~ 

Inci<knre of malformatiott of embryos si-u daya after fertilization from mot11('>1' injeol'cd tcith trypan blue 

-~--·-~--

FR¥QUENUY o/o 01' UT.All 
FREQUENCY % 01' TAIL MIKO. % 01' !dl80. ,Af;~ TOTAL or or l!FAD OF TA.!L NOP'f \.t.8 ADSORMA.f.8 llE~Olrn~.o A!lNOT!· AU:NOR· Al!NOR· . 

?::;"DA Yb z:wnn.Yot AD;:-.J.OR.· All NOR· An NOR· 

MALIT'i",! 
KA f.1TlE8 

>f~l.-!T!!:S 
NAr.1ITIX8 WAl,ITll<I! 1'.A~~l'rU:l!I 

~~- 9 4" ,, Hl 23 1 9 zo 13 G3 

!l - o; fi!) 6 41 8 14 25 .. 34 61 

llj-10 Iii ::1 ·$1 17 1:1 JO !!7 33 

10 ~-11 P.G ~ i 61 4 ••• l:! Iii 411 r.:1 34 !11) 

lH-12 !l!l 16 62 20 HI 22 22 41 42 41 41 

12.l-13 lliii ,39 76 20 ••• 2; I 7 ... 23 23 14 ill 

13!-14 53 ~o 28 5 •• t 8 15 24 45 I) 16 

Total !ii l l6t 332 75 ••• 106 18 149 26 191 33 

•In !Jreaking down abnormnlitie11 into the ,various cntcgorics mnny cnses wrre listod more limn onrc, whonl'vt)r more thnn 
one type of mnlformntion Ol'currcd in the same embryo. This tad should be borne in mlnd when adding the fljt'uree ot table 1. 

'Records of rreorbtion nro ineomplctc attor the 10th dny. Reprinted with permission from Anat. Rec. 
119:~09-27 (1954). Copyright by W1star 
Institute Press. 
'-

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 list 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 
Wis tar Institute Press. 

TABLE ,fl, 

Elfeets on gestation a11d the offspr111g of azo dye1 injected on •lie 7th, Sth, 
and 9th days of preg11aaey 

PREGSASCIJCI 
PREGS'A~CU."1 CO:STJNUJN'O 

TERloflSATISG 
TO THI: 2(,TH DA\' 

BEfORE 20TB 
TOTAL DAT % of 

J>"T:& Sli>IBER ~of Xurnber % of l'Uf· 
ll0THER8 % <;< all preg- iruplan· embryos YI\' Ori ma- eompl•te nanries tations resorbed mal· tern al resorp· 

form~d death tiOD 

Trypau blue 45 • 16 80 40i 44 49 
Evans blue .20 10 25 65 16~ 23 14 
::\iagara blue -lB 15 i 13 80 126 15 4 
Xiagara sky blue 6B 15 0 2-0 80 145 8 3 
Congo red 4B 20 30 15 55 123 15 I I 

Vital red 10 10 70 20 li 12 0 
Acid milling red RX 9 11 11 i8 i8 13 0 
Clilorazol blaelr. E 16 19 25 56 91 21 0 
fil'nzopurpurin 4B 10 20 10 iO 'i3 19 0 
Diani! blue 2R 10 10 0 90 102 10 0 
Erie violet 2B 13 0 8 92 l-l8 11 0 
Erie garnrt B 10 0 0 100 112 7 2' 
Xiagara blue 3 RD 10 0 0 100 115 11 1 • 

• I 
0-tolidine 10 0 0 100 109 8 0 
Azo blue 6 0 0 100 5i 7 0 

'Hydrocephalus affecting one or two anim:ils in a single litter, not attributed to 
action of the dyes for reasons de~ribed in text. 

TABLE '40. 

Frequeney of 111alformotiou in 11oriou1 orga11s and Bystems after different dyes 

TOT.t.L 
Nl">IBEll 
LIVING 
1·oi·so 

'fo O'I' 
YOUNG 

MAL· 
FORlol&D 

Trypan blue 228 49 
E-rans blue 124 14 
Xingara blue 4B 107 4 
Xiagara 11ky blue 

6B 134 3 

' SJl('tifietl in tt>xt. 

«/(- OF TOT.\.L LIVI~&\ Ol"S'G SHOW ISO 
DEFECTS l:S \"ARlOl":S OR\d.,;s .AND S\"STKJ.lS 

Brain Ere C'ard10- Yert~bral Other 1 
\"&SculaT l" lumn 

83 10 11 17 12 
13 2 1 1 

4 1 

2 1 

common to the manufacture of the others), the mortality, and terato-

genicity found; the mothers had been surgically examitled for the number 

of implants prior to injection, on the 7th day. Table 40 breaks down 

the malformations according to most frequent type. In che 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 connnunis. Vertebral colunnar effects 

were rudimentary-absent lumbar, sacral and caudal vertebrae~, absence 

of entire sacrum, medially displaced ilia. Resultant external 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 ~xc:lsed on the 

28th day of gestation. Serum proteins were analyzed at pr1~- 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 no1·mal. 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. 

TA.BU: 'II· 
Re.ult oJ Jrill9K'llllWS oitt S sormol Oftd 1 tf't'l'"" blue treatrd rabbit• 

JrlJMBD or ~:'~.,.~~ 
NUMBER OJ' 

R.J:SORPTIONI 

iu.alUT• J:1lBSYOS AND DEAD 
l'J:TUSSI 

Normal 5 « 1 
(2%) 

Trypanblue 7 53 !l 
(39%) 

Reprinted with permission from Anat 
Rec. 133:513-25 (1959). Copyright by 
W1star Institute Press 

NUMBE1t 01' ll>VMB:U.011' 
J:MBR'fOS wrre: NO&KA.L 

IULFOl!lUTJO:SI UIB&YOI 

0 -l3 
. (0%) (98%) 

9 23 
(17%) ( .. .,, ) 

Beck et al (1960) reported that eight samples of trypan 

blue from six commercial sources analyzed for only 20-86% pure dye 

(another sample being too contaminated from another blue dye for 

meaningful analysis), and concluded that dosage level~ previously 

reported in teratogenic studies were not reliably comparable. The 

major contaminants were 1-76% NaCl and 5.5-17% HzO. 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. 

Ta.ble '#a.· 

E:dernnl ab11or111alltles 
Snh •tonee l<'•ttd Xo. or Total Tot11l survh·on 

In 

rata u1e1\ lmpLint11tlons resorptions 
ResorptlullS 
(p<'r cent) Xormlll Abnorm•I 

r,,tfll ! lf.R r. huoth·1I 
('onrrnl f1t1111 
l )HI l'f'llt tn 
t ,,,., ("••nt r.-, 
1 IK'r •·•·nt u~ 
O :. ... r • ,.,., r 

IJl'~'fl••l) 
I"'" hluc (f:Cflhln) 

·n ... t.lllu.t·tl tr\ ~m.n hltte 
•llwr l111111•r 
•·J hu1•11ruy 

\\' .... ·" I:\ .... 

•l<·~l<•ll 
Ir Ir) 1~n bl11e 

C'oatlf•>I t •thit 
I (Kr ("('111 rr.._ 

H 148 
11 117 
12 lH 
H 1411 
19 224 

.. IS 
7 4lj 

Reprinted with permission from Nature 
187:605-7 (1960). Copyright by 
MacMillan Journals Ltd. 
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Beaudoin (1961) injected, at 36 hours' incubation, 50 µ1 of 0.1% dye 

solution into the subgerminal cavity or 100 µl 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 4J · 
Teratogenic activity of several disazo dyes 011 chick dere/op111e11t 11he11 

injected at the 36th hour of incubation 

Percentage 
Total treated I mor1ali1y I Percentage malformed survfrors 

Sub- Yolk Sub· Yolk Sub· I Yolk 
Dye germinal sac germinal sac germinal P rnlues* sac 

Trypan blue 101 94 45·5 56·5 72·8 < 0·001 56·2 
Fvans blue 78 90 ·~ 44·8 14·4 J 1 ·.> I < o 001 5·2 
.Niagara blue 4B 94 93 69·3 29 9 1~Vi (' !(! 33·4 
Niagara blue 2B 67 86 23-9 93 27·4 G·47 0 
A10 blue. 82 93 18·3 JO 7 20·9 0·90 0 
Congo red 95 90 59·0 3-3 35·9 0·08 3·4 
SJlinc controls . 220 141 20·9 12·0 20 J - 2·4 
lJntreated controls - 134 I - 11·9 - - 3·4 

• p values derived from x• test for independence. 

TABLE 44. 
Frequency of ma!f0r111atiom among surviving JO-day c/1icks 

(percentage of rota! wrvivors) 
t 

f Ga\tro'i"ch1lil.1 flmd limb Rump!ess I.ye lkuk I Sp;na bitiJa ----
Dyr SG• YSt SG YS SG YS SG YS L~ YS SG YS 

T, Tl) pan blue 69 I SJ 6 7·3 "!.·7 IO 9 - J 6 - ! 7 1 .4. -
£\ans blue 51·2 2·6 1·0 I ·J 1·3 -- 4·7 - 9 3 1·3 47 -
Niagara blue 48 20 6 31·8 17·2 3 4 17·2 - 34 1-S 34 - - -
Niagara blue 28 19 6 - 1·9 - - - - - - - 39 -
Azo b!uo 14·9 - 10 4 - 7·S - 1·5 - l·S - l·S -
Congo red 33 4 2 3 12 8 2·3 7·7 - 26 - 2·6 - 7·7 -
S.tlme controls 9 6 24 4·6 0 8 I 5 08 4 1 - l·S - 8·6 08 
Untreated controls - 2·5 - -- - 0·8 - 0·8 - - - -

, • SG = subgcrm1n,d. t YS = yolk ~ac. 

P wlues 

< 000! 
0·52 

< 0 001 
-
-
0 98 
-
-

Otha 

SG \S 

- 24 
- 6·$ 
- 4S 
3·9 -
1-S -
- -
~ 5 -
- -

. 

Tables 43 and 44 
re:,irinted with permis­
sion from J. E,abryol 
Exptl. Morphol. 9, pt. 
L:14-21 (1961). Copy­
right by Cambridge 
University Pres8. 

The eye defects were anophthalmia and microphthalmia; beak de~fects 

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 a.as mole azo linkage/kg. They were 

sacrificed at 2a 1/2 days of gestation. One of the s~mples 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 determinlng 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 1% 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 malformations 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 clPft palate (pos-

sibly merely related.to delayed growth). 

Some of the gestations had been allowe~ to go to term. 

Approximately l/6th of these resulted in complete resorption, and 

another l/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 tei:atogenic:ity. 

Tables 45-61 present the findings. 

Table 'IS: The development of' the fetu~es in the control groups with or without 
mtrapenroucal mject10n of (1.0 l ml peanut 01! per g of body weight 

1---·--;~--~1-~--~f·.-~.o~:-·.-~·.utal ~----·-··. Fetuses at t~;·h-day o~ gestation : =--a.an<:: 
- --~----! tvpc~ • 

1 Group miect1- :So. of, :"o. of t 0 c; x (0 0 ) x (00 ) x; ~00 ) L ( g) 
0

·f c:ad: 
I I on : moth· I implan· survived 1 resorbed l dead \ sun·_1,or:s body "eight anoma. 

1
1 ' ; ers , tations : ' l I maltormcd , mean±sta- , lies 

1 i i , ' ndard error· 

Not-in---- 15 l 96 8•C9o.6) 8(s.3)• 1(i.o): 1cI-1)-~~6±0.019GN·, 
jec• eel , , , , I I , 
--· 8-· g. 8 '.-~-:r;:(9s. 9) ------ZC-:LJ);--o-( ~;--1-cZ.O uu±o. 010 :-)i)t. 

!---·---· ' ,----l-----·-----------1 __ _ 
: 10i.,ctt.-ct~.!2._. __ 10_:~-1 __ ,~s:: . .JJ :~17.6) ·-~~! __ o_c~:1.o-;-~o.0:5_: __ _ 

[ 
:~..:--L3 1 __ 111_i __ t5_"l_i~71. 7) i--2.?_i:!fi. 7) ·-~ 1-1) 

1 
__ 1 _( :?. 3) ,0. ~:-l:!:O. P~l ;_~C;i _ 

--~l-~--~~---~----45 I 31(/3.6! __ 10(~:!.21 U:_2.2)• l('.?.9l;1n1>_;±:0.fJl6 !El 

• cp: cleft palate. Dt: dt>viat1on of tee. El: malformat10n of elbow joint. 
>, : ?a oi total !'o. of 1mplan:at1ons L : co of survived • 
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T::ible lft. Effects of 3'-triftuoromet!iyl--l-dirnethylam1r.cazol:enzene on the offspring of mice 

(Intraperitc'lt!:J.l injection of 0.01 ml 3 :, pcar.ut oil solution (0.3 mg) per g of 
body weight] 

I 
1 Dav of: Total I Total I Fetuses at the 18th day of g~-;tat1on No. and types, of 
jinJ~Ct1.:~o.of No.ofl--(?;}x (?;)Xi Coo)X· (Oo)-L' (g)-'1 eachanomalleo 

I' on '. mothe· 11nplan-; survived , re:,orbcd ; dead I survivor,, body weight : 
· TS tat1on~ · ! malfonn. rne::m±stand- · 

I I , _____ · _e~-----~~_:roT -------------
i-·8-::-~-9":'--~--,--mi~ (31.8) 113 (68.2); a (0), 1c2.9) 1- o.ss:.co.01s 1 mt 

l
!_-1,1-ri ;---~-1-,!· i~~-:;--3J 1-1 c ·- -) 1-o-c~) ;~-~;- o <r+o o-;:-'-i-::-\;:;-:-3c-P.-t;i)t.\~i-

149 i'::; (.L ;• "· 1 i i ·' (}).~;I "'- · 1· , :2.Kn. 3:\Id.7Pd 
,------:- - - ---- .----- ----·------,--------·-;--- ---------------
! r~ - l.J . IS ! 11-1 /57 (~10 0) !37 (:JL' 0) i 0 ( 0) ill (~-i. 6) ! 1. 03±0. 018 , l2Cp, JCt, :2Dt 
i----·-·--r--.------1---'---1----- i-----------. 
f l-l -l:J I II j 70 i~I (!JI.-t) i 6 ( 8.t.i) l 0 (0) i 7 (11'.9;: 1.0-l+0.0!8: 7Cp 
I_ -------------- ------------------ - - -·- ---

An: malformation of ankle jomt, Cp: ,deft palate. Ct: curved tail, Dt: deviation of 
tre or finger. El: malformation of elbow jomt, Kn: malformation of knee joint. Md. 
macrodactyly o( toe, Pd: polydactyly of toe. 

x : "~ of total No. of implant::it1ons. 6 : 0 ,; of ~urvived. 

Izumi (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 pres~nt the results. 

I [~-13 I 7 ; l ( 3.3) '. 0.91±.tJ.0~9 ! 1 An, l Kr-. 
---------- ----

* An: maHormat1on of ankle joint, Dt: deviation of toe or ftng<::T, Kn: malformation of knee 
jomt, P!'I: polydactyly of tee. x : 0 ,, of to~al ;-.;o. of 1MpLmt:J.tions, Li : ?.; of ~urvin:d. 

Table Iii. Effrcts of 4' -methyl-4-dimethy!aminoazobcnzene on the off~pnng of mice 

(lntrapeTitont!al injt!ct1on of O.Ol ml 5",, peanut 011 suspension ( 0.3 mg) 
per g of body weight~ 

Da f I T I ·1 Total Fetuse~ at the !Sth day of "'e~tatwu I Y o · ota " : No. and type~* of 
mjecti-

1 
~o. of !'lo. of r "• 1 ~ ( c0 1 :- ( o,) :> ( c0 1 :_ r g-), each anomal!e> 

on i mothe-. im;ilan- ,;ur.1wd Tescrbed den:! · sur.·1vor,; body wc::1!',ht ' i TS ' tat1on5: : maliorm- m.:an±">tand · 
___ ,_ __ ___ i ed ' ard error 1 

8- 9: 8 6:! -10 ('I-. I.,., ,.,~ - 1 0 ( r. ' - fJ" _, 1 1 'u;;-;-;-4·-, l-D 4 K-:--·1-P~ 
f tJ . ;J) :-- \.JV.;:•) j V) I 0 \ -· ~) ' . £. ..... _} V • ' t, n. .... l 

. 10-11 i 10 I_ s2-:~~·7;,3.b)-,~ (-10.~~ _o CO) ! 5 (10~2) j-1.~3±0.0lS l!_:>t· 2 Kn f 

, r . I , f I ____ , 
.12-13J 1-l: 107 J711ri•i.-!i::l.j(327)il(0.(!)!3(-l.2); l.~0±0.0l3·1Cp.2Dt.!Kn 

1 --1- --·----,----- -----·--- -- -- _______ ._/ __________ , 

: 11-15 i 7 i -:,7 37 (1;1.9) l'l (31.li) '<! ( 3.:JJ ! :; r ;J. I). 0.9.".i±O.O!v i 1 Ct, I Dt ; 
'_ \ ! : J I ' ---- --- --- ------- -------------- ----·------ ----~---------

* Cp: cleft palate, Ct; cun~l tail. Dt: d.cv1at10n of toe or finger, Kn: rnalfonn:it1on of kn.:e 
joint, Pd: polrrlactyly nf tee. 

X : co of total No. of implantations, ,2, : 0 0 of survivecl. 
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Table If!. Effects of monomethylaminoazobenzene on the offsprmg of mice :.Jntrapento· 
neal in;ection of 0.004 or 0.006 ml 5°0 peanut 011 solution ( 0.2 or 0.3 mg) per 
g of body "'eight:~ 

, Day cA f Tc.ta! Total ; Fetuse5 at the 18th day of gestation ( No. and types* of 
: injecti- 1 No, of i !"'o. of .-~o~T x:-(o-;)x.--(.i~)X!(G.;YT. ____ (gTI each anomahe5 
1 on i mothe I 1mplan., survived ' re:eorbed 1 dead , sur..-1\·0rs body weight I 

i rs I tataons I l I \ malform. mean::'._--stand-: 
: I I I ! , ed ard error ' 

,s-=-91-1--Si\--lo (65. 6) 121 (3-l. -l) \ 0 ! 4 (10.-0);- 1. ll±o.o;3·: l Dt, l Kn, l~ld, 2St 

f-;0-~l 12 I Bl i36 (-l·U) !-i5 (55~~-I 0 i~~; 1.03±0.023 ! iM·/~t lDt:-
1---1---: I I ' I ' ,---

1 L!-13 l __ rn_l 121 1~~!76 (6'.2~i __ o_i~-~) i 1.06±0.013 1-=--An. JKn, lP<l __ 

:~~-15 ! _ _! i 5-t in (57 . .J) :23 (.J~. 61 : 0 i 1 ( 3. 2l : 1. OJ±O 019 JPd 

• Ad. adactyly of finger, An: malformat1on of ankle joint, Cp: clef· palate, Dt: deviation 
of toe or finger. HI: harelip, Kn: malformation of knee ;omt, '.\fd: macrojactyly of tee, 
Pd: polydactyly of toe, St: short tail. 

x : '?o of total :-;'o. of implantations, l::,. : 0 oof survived. 

Table !>O. Effects of 3' rfluoro-4-dimethylaminoazobenzene on the offspring of mice 
(lntraperitoneaf injection of 0.006ml 5 '!~ peanut oil suspen;;ion (0.3mg) per g of 

body weight-~ 

\ Day of! Total ! Total ! Fetu:;es at the 18th day of gestation I No. and types* of 
/ injecti. ;\o.of J ~o.of i (aa) X/ (Oo) xi ro,) x (00 ) L (g) 1 each anomalies 

I on i mothe- ; imiilan i survived l n:sorbed .

1 

dead I survivors body weight I 
I rs I tat1ons , malform. ~ mean±stand-; 

' i I 1 ed i ard error : 

1~1 __ 9_i -l3 ;39 (86. 7) j 6 (13. 3) 1 0 ( O) II ~ (12. 8).; 0. 92:t:O. oz,i I !An, lDt, 2El, lPd 

I 10-11 I 10 (~25 (36. 2) 144 (63. 8) I 0 ( 0) 4 (16. 0) : 1. 15±0. 030 \ 2Dt, 1El. 2Kn 

, ·--;-1 I I 1,~131 g I 59 l,31- (5~. 5) !27 ,'. ~?- 8) j' 1 ( 1. 7) i 3 ( 9. 7) :, 0. 87::t-O. 034 i 3An, lCt, lEI, 2Kn 

1 
I i--------

~.J-15--9-i--;--b .. _c.i2.1)133 (57.9) Io co) I 1 c 4.2) ! o.90±0.021; 1cp 

"' An: malformation of ankle joint, Cp: cleft palate, Ct: curved tail, Dt: deviation of toe 
or finger, El: malformation of elbow joint, Kn: malformation of knee joint. Pd: polyd­

actyly of toe. 
x : % of total No. of implantations. D. : % of survived. 

Table 51. Effects of 4'fluoro-4-dimethylaminoazobenzene on the offspring of mice -intraperi­
tone::tl injection of 0.004 ml 5°a peanut oil suspension ( 0.2 .ng ) per g oi body 
weightJ 

1----1----- ---,---·--------- --------- ' ·------1 
I Day of: Total Total : Fetuses at the 18th day of gestation ( No. 311d types"' of 

I, injecti- j No. of , :-o. of r u 0 ) x ( o 0 ) x, ( o 0 ) xi ( o,, 1 ,::;_ ( I<! j : t:acb anomallt!s 
on mothe- 1 1mplan. survi~·ed , resorl:ed , dead ! . survivors body weight ' 

i, I rs I tat1on:; , ! i I malform • mean±~tand-
__________ ! ed 'a!"~~r_r:oE_ __________ _ 

:-=-:_I 7 55 'H (74.5) :u (25~:~:-,~~.::2_J I.07±0 f)~5 ! !An. ;;Kn. lKt : 

'.~i __ 1_1_ 71 ':'8 (39 .. 1) ,B (130.1.i) i 0 ( 0) i 8 (:!3. 6; , 1. l.J±O. 0'.:3 2An, 4Dt, lEI. 4Kn 
1 

: 12-131 11 , 85 513 (t.8. '.!) ;25 (29. ~) ~~-;::;-: 2 ( 3~: 1. O!J:tO. 0.0 ~~~-n----, 
1---1-----------:---,----,------------------i 
ju-isl 1 -t.i .io<90.9)'-t<9.1>:oco) '.oco) : 0.88±0.019 , 
' ------ ---- -- -- - --·-----------------·------------' 

* An: malformat1on of ankle jomt, Ct: curv~ tail, Dt: dev1atior. of toe or fnge:r, El: 
malformation of elbow joint. Kn: maliormat1on of knee joint, Kt, kir.ky tau. 

x : "• of total :'>o of imp!antat ion-;, L : ", of surv1vc:d. 
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Table S'.t. Evaluat10n cf the lethal effect of 

peanut oil injectic·n upon fetuses 
by x'-test : control groups w1th­
and without inj.;(·t1cn were com­

Jl'!red with each other 

Table S'J. Evaluatmn of the growth suppre,s­
in; effet:t of peanut 011 in;ect1cn u­
pon fet..1se::; by F-te,t : control gro­
ups with and without in;ection were 
compared with each o!her 

-pa-_y_o_f_i-8-9 li)-11 l"-"i 1'--131 
1n1ect1on . - " . ~ I 

I Da,- of ' 8-9 l~- il l'.?--13 u -}j '. ; injection . 1 
--1--------1 !----- ______________ , 

j I I I 

* * significant at 1 °, level, 
* : signif:cant at 5 °0 level, 

not sigmf.cant. 

signif.cant at 1 11, level. 
not s ignif.can t. 

Table 5'~· Evaluation of the lethal effect of various derivatives upon fet•ises by x'-test com­
pared with the control group treated with the ~oln•nt 

--, 
l,~rivative~ 3' -tnfiuon,m-
i treated ' ethyl-~-d1me· 

moncethyla­
mmoazoben-

4' -methyl- l-d-' monomethyl- '. 3' -fiuoro-4-di- 1 

1methylam1n ,· ammoazol:en·. methylamin· 
4'-fiuorc-t-:li- '. 
methylarn1no · 

·D::iyof -..., : thylaminoaz­
:injection "-....'I obt>nzene 

zene 

I
. o:uobt!nzent:! l zene \ oaz.Jbenzene · azobt:nzene 

i -'------------' . . - I -· I ., i - I -· 
f 1 I ) I J ------------_______ , _______ ,_,_____ __ --------:-------' 

! I 
I ------·--------------------------- -----· 

I 12-13 : I i 1 '· 
! 1 I 1 - t 

i-~~i--c·T-)--l--------1,--- 11 ~: ---·1 
I . ! I 

8- 9 

10-11 

signif.cant at I 0 o level, ' : significant at 5 o, level, 
- : not significant, ( ~ ) : inverse effect at 5 0 0 significant level. 

Table SC CompC1.rison of mortality between the fetuses treated by various Jerivatives on the 
8th to 9th day 

1

-=--benva! ,vt,~17tntlU<'TOmd--, ' h I • : h I , ' .. ' d' ' ". tre 1 d h ·l-4-dimeth 1. 4 -met Y -~-dim-· ~onomet yam·: 4 -uU'>f°7~· m1- : 
-.. a e I 1 . be Y ,ethvlammoazo- , moazobenzent! ' ethylammoazob· ~ 

.. _ • l ammoazo nz· "benzene I enzene i 
Fetuses .. , ene 1 , 1 

-No. of"reso-rbt:Cll• 73 22 21 14 130 
or dead , ---' I 

No. of survived; 3-1 40 40 41 I 155 
I 

! IOI 6'.! til 55 I 285 

df= 3. x'= 36. 73, p <0. 01 

Table f4.Comparison of mortality be~ween the fetuses treated by various derivatives on the 
10th to 11th day ' 

I
'., Derivar., 3".tnfluoro· 1nonoeth,·l· 1• 4'-methvl. '1 monometh- 3' fl ' 

1 
4' fl 4 · ives tre-'. methyl-4-d -, ' ' - uoro-... j · uoro- · 

ated imdh'l'. lam •. ammoazo. i 4-dimethyJ., ylaminoazo-' d1methyla- dimtthyla· :!: 
benzene I aminoazob· ! benzene mmoazobe : mmoazobe 

, , inoazobenz- . enzene ·1 
,Fetu:;e<; ene · nzene 1 nzene 

No. ot re::>- / I .
1 orb..>d or 'i l 56 33 45 I 44 43 292 

~:dof s-ur:·'---;;--;--;;-j---;--:--;-i---;;-1-- 2i! --
1
·-;;;-

vtved , _____ , ______ . ______ . _______ ; _____ --- ---

' 
:::s 149 129 82 i 81 -----~--' _ __2~ 581 

df := 5' r= 15. 13, p <0. 01 
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Table f'l Companson of mortality between the fetuses treated by various dert\.<lti\es on the 
12th to 13th day 

"'-.... Ot!nva ti ves 
~_treated 

---­Fetuses 

3' -tnfiuoro-4-dimet· i monomethrl-ammo- 3' -fluoro-4-dimethy\ -· 

---
No. of resorbed 
'.lr dead 

bylaminoo.zobenzenei azobenzene \ amino-azot:enzene 

76 . 28 I 161 I 
1--------:----------1 ! 

57 ___ , ______ _ 
No. of sun_·i_v_ed _______ 5_7 ___ 

1 
45 ! 31 :---1~1 

:! 114 i 121 59 : 29.i I 

df= '.?. 1'=5.·U. p >0. 05 

Table S'll Evaluation of the teratogenic effect of variou;, denvat1ves upon fetuses by i'.te,;t 
compared with the cvntrol group treatt!d with the soln:nt 
(some ca::.e~ are calculated by exact method, 

~r1¥ar1:;:~- ;.~-tl ---. 
treated " - n uorom. 

I t"thyl ~-dime. 
. f 1 thylammoaz. 

Da1 ° '· obtnzcne 
mject ion ·, ' 
- - ----1 ~--- ----

8 - 9 I 

monoethyla­
minoazot:en­
zene 

:---·---- ---- --- - -----------
! -t'-methy\. l-d- monomethyl- 3'.tluoro-4-di­
I irnethrlamin· ;immoazob~n.' mcthylam1n-
i oazolx:nzcne ztne : oazobt!nzene 

I 

! I , 

i 
4'-ftuoro--1-di· 1 

meth~·lamm­
oazobtnzene 

.-----1 ·-----.------:-----1------·---
I • • I . < 10-11 
I I ---------- ------- ------

. 12-13 
1 

I - i 1 . I I I I : ______ _ 
~~---_----i---_----,----_---!---_----1 

I ~ ' i ----- --------------'------· 

-: 

significant at J oa lc\-el, 
significant at 5 °, level, 
not significant. 

Table ff. Compari~on Qf teratogenic1ty between the fetuses treattd by \·arious deri,-atives 
on thc I 0th to 11th day 

Den vat· 3' -t/ifluoro · monoethyl- , -l' -methyl- . monometh- 3' -fltl"lro-4- ..i' -fluoro--1-
ives ~{eed· i: ~~~1 j l-d: ammoazob- · -l-d1methyl ' ylaminoaz- clir:idhyla. dimethyla· :::: 

- e 1·bam c:nzene I aminoazob· o~nzem: minoazobt! mmoazolx-: i 
inoazo cnz- I enzent: I, nzene nzene ' I 

Fetuses ' enc : 

; ~1alformed : l::i l 5 j 5 I 4 \ _ 4 \ 8 :·--- 41--j 
~~1--63 ___ i ___ 6_S __ i ___ 4.J __ l---;2---:---;-l--l---;;;--!-;;--1 

~ 78 1--73--1---4-9 -1--;6-.-i 25 ::s l 289 J 

df= 5. x' = 10. 56, p >0. 05 

Table ,o. Evaluation of the growth suppr<"s:;ing effect o( variou~ derivatives upon fctu:;es by , 
F-test compared with the control group treated with the solvent 

--Dc;;;::~~~;1 ·3~~;;rt~o;;~-·~;~~hyj~--;_~~th)-j::~--, ~~~~~h~t:-i-3~.ft~oro.-1:ch. ·~~-fl~~~-~-d1. ! 
1 cthyl-~·d1me- mmcazobcnz dimcthylami- ammcazobe. · '1'!ethy!ammo· mcthylamm· 

Da of i thylaminc.az. · ent: . noazotcnzene. nzene \ azotenzene i oazobenzene 

l _~nj~~~'!_n__ - .~ ol:e_nze~ __ i_ ·-----~-----!------__ !_____ : ' 
._=_9_1 __ ~_· _

1

1_·_· _1_--_1_~ ____ 1_~ __ 1 _ _-_· _"I 
l I r' ' I 

:- 10--_11_1 __ _:_· ___ :-------:--(--_· _) _: __ ~---'--<~_: __ (_·_) __ ~ 
; 12--13 I I I ( .. ) : ( .. ) i - I I 
------'----- ----------' 1-------i 

I_ 1-1-15 ___ I ·-- I ------ __ J__ ! 
significant at I 0 o level. significant at 5 •,, level. -- not signi~int, 

( ~) : inver.c dfect at 5 °a significant levd, ( · · ) : invt:rse effect at 1 0 0 oignif.cant level. 
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Table ''· Cc.mpan::.on of t~ie growth suppressing effect l:etween the malformed and normal 
fetuses treated by variou:; derivative~ en the 10th to 13th day by F-test 

-----------------·---------------"-------------
Derivatives. 3' -trifluorom .: monoetbyla-
·. _treated : ethyl-4-dime- · mmoazoben-

. Da f I thylaminoaz- [ zene 

j' .t' -methyl-4- , monomethyl- 3· -fluoro-4-di- ' l'-fluoro-4-d- ' 
: dimethylamin ammoazoben- · methylamin- 1methylamm- ' 

· •• Y t~ - _ 
1
. obenzene j 

' oazobenzene : zent oaz1,,benzt!ne , oazobenzene · 

i '-----1 . in iec ion -, 

10-11 ., I 
( . - ) 

-----1 -----------------------------
' 12-13 i 

uot significant, 
inverse eff~t at I <0 significant level. 

Table "1· Occurrence of malformed ribs in 
the offspring of control mice tr­
eated with peanut oil 

1 LJay Ot I 

8-9 I 10-}l I 12-13 1-1-15 
injection I i 

No. of I I ---
8 I 2 2 5 

! mot hi:::_ 

No. of I 47 11 _1_0_!_2_6_ 
fetu»es 

So. of fetuse~' 

I I with mal- I 0 i 0 0 0 
formed ribs I 

1able (,If. Occurren('e of m~lformed '.-1b::> in 
the offspring of mice treated with 
monometh ylaminoazobenzene 

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

Day of I 8-9 [ 10--11112-13 i 11-13 
inje<.'t1on :---· ____ i ____ ., ____ 

1 

No. of 5 6 I 8 5 
mothers · l I 

No. of ___ ll 40 . 36 1~:--;;-
fetuses 1 __ -i 

No. of fetuses i i 
with malform- 5 • ; 0 0 1-
N rib_s __________________ _ 

>< : signific:int at 5 °o level, 
- : not sip;nificant. 

. Tablr _ l.'3. Occurrence of malformed nbs in 
the uffsprinCI of mice tre.•ted \\i· 
th 4• -methyl--1-dimethylaminoazo­
benzene 

(0. 5m[l/g (body weight)) 

-~y-of--r;~-;~;-=-11-1 I" -13 I U-1-
ln)\."Ctl')D 1 . : - \ ;, 

No. of --1--5-:·--~--11--l-l-i--6-mothers ! ! ' i 
No. of 
frtuses 40 

;---, 
-19 71 37 

No. -of_fe_t_u_:..e-~i ---:------1----1 
with malfonn­
-d ribs · 

0 0 

---- -----~------------ ----· 

1.31 

not significant. 

Table 'S: O~\.'Urrence of malformed ribs in 
the offspring of mice treated with 
3' -fluoro-~-d;plethylam:noazobenze­
ne 

[0.3 mg;g (l:ody weight)) 

~~t~~n 1 8-9 i.0-11 12-13 i H-15 

I-· ---1---
No. of , . 5 . 5 6 5 

;:~~~rs ____ ! _____ " ___ : 31 _.,, 

fetuse_:_ __ ~- ____ ;,_( I __ .. _ 
No. of fetuses; ,---

with m:1lform-' 5 ~ O I 0 0 
ribs I -----------·-------------· 



Table ''" Occurrence of malformed ribs in 
the offspring of mice treated with 
4• -fiuoro-t-d1methylaminoazobenz1::n~ 

(0.2 ,mg/g (body weight)) 

I -i ~~y of I 8 -- 9 ! 10--11 1

1

. l:!-13 I 1-1--15 -
I 101ect~•---'.------i--
. !So. of i 5 j 6 I 9 7 : mothers 1 . ___ ]_ 

! ~~~~!!_ __ i_-1_1_! '.!S !--~l~ 
: No. of fetu~e:; '1 I\ I\ -
'with malform-'. l" , 0 0 l 
ed nbs 
--~--

_ : not significant. 

Table ~. Classification of fetu::.es according 
to No. of ossified sternebrae in mice 
treated with -! '-methyl.-!-dimethrla­
minoazobenzene 

[0, 5 mg/g (body weight)] 

. ', Day of I 
·-... ~niect ion I 

~o. of , [ 
;tained 
sternebrae , , 

8-9 

i I I I 
i 10-1! I 12-13111-131 
' I I 

0-'.! 
0 o I I 

i I 
0 

o [ o I 3--t l 

37 

0 

5 - 6 39 ' -19 I 70 I 
-------- ---1---:---i---

Total i .io ' 49 i 71 [ 37 

- : not significant. 

Table 10. Classification of fetuses according 
to No. of ossified sternebrne in 
~ice treated with 3'-fluoro--1-dim­
ethylaminoazobenzene 

,-.--.-Day of ; 
I ', injectior: 

l :-;o. of - I 
, stained -, \ 
: sternebrae '· 1 

,---- 0 - ') 
I -

I :=: 
Total 

(0. 3I!lg!g (body weight):; 

8-9 

.... 
1 

3 

35 

39 

10-11 I 12-1311.1-15 I 
I I 

0 

0 

i 
2 i 

o I 
I 

0 

0 

2-1 25 I 29 I 
I I ; __ --t 

1--;-1--3-1-
+: significant at 10°0 level, 

not significant. 

Table f.1. Clas~ification of retuses according 
to No. of ossif.ed sternebrae in co­
ntrol mice tre~ited with pear:ut 01! 

"Day Of I 
, , inject ion 

So. of ' 
stained 

G-9 10-11 12-13 l-!-15 i 

· ~ternebrae · '· 

0-:? 

I 
I 

0 0 0 0 

3--t 0 0 0 0 

I _,, . 11 10 ___::_ 

__ T_o_t_a_l --,·-;-,i--;-~--__ l_o_I '.!G 1 

5-6 

-------'---~--------'----·; 

Table "'£ Cla;;sification of fetuses ac<'ording 
to !fo. of ossified sternebrat: in 
mic~ treated with monomethyla· 
minoa#obcnzene 

(0.Z or 0.3 mglg (_body weight) 

' -"-. Day of i 
injection' 

8-9 10-11 12-13 i l-!-13 l No. of -

1 

stained _ ~ 

sterneb.:.rac:...e_'.:.·--'----------'---·-----! ___ _ 
* 0- •) 

I 1 0 0 o I 
I 3--t I 5 ! I 0 '1 

I I ' I 

'-~ - 6 _l __ ::._!~_i_'*-!_ -3~ 
I Total I -t:.. I 36 : 43 31 I 
I ' ' 

significant at 5 °a kvel, 
not significant. 

Table 71- C1as;;i"icat1on of fetuses according 
to No. of ossified sternebrae in mice 
treated with ·flluoro--t.dimethylam i 
noazc ':lell.Zene 

.::_o. :! mg,'g (body weight) l 
, . 7 i);iy-of"-.----

' mjection, I I I i 
~o. of· 
stained 
sternebrne 

0-2 

3--t 

i 
i 

! I I 

s - 9 ! 10-1 l l l:?--13 14-15 I 

! 1 I l 
I 

i 0 I 0 I 0 0 

0 3 
I I 
1 I j 

5-6 I -ta : 27 i 
1----------1---:---· 

58 37 

' ' 
Total j -H 58 40 

- : not significant. 



Table 1'I.. No. of fetuses with mislocated os. 
silication centers of sternebrae in 
control mice treated with peanut 
oil 

l 
f I I : 

Day o s _ 9 10-11 I 12-13 !,_1.i-1;; '. injection 
1------·---
! Mislocated , 0 0 ! 0 

I
I r::ar:~lly !_~ 11 I 10 I 26 

1 Total 47 --~-1-! 10 : 26 
J 

Table 7'f. ~o. of fetuses with misloc:ited 
ossific:ition centers of sternebrae 
in mice treated with monometh. 
ylaminoazobenzene 
:0.2 or O. 3mg,'g (body weight)) 

i Day of I 8-9 I 10--11 
: tniect~n __ I /, __ _ l:!-13 i 14-Fi 

1-=-
3 I 2 1 :\fislocated 1 "'i; / 

10 '-----'.--!·-- 1-. 
4'.! I ?<J I -· 

: '.S'onnally I 34 1 
· located 1 1 

·--T-o-ta_l ____ 4_0_, __ 3_G_, __ 4_5_i-;-

~ : significant at 5 ?o te,·el, 
~ . significant at I0°o level, 
- : not sigmficant. 

Table 73. No. of fetuses "'·ith mislocated os· 
sitication centers of sternebrae in 
mice treated with 4' -methyl-~-dim­

ethylaminoc.zobenzene 
(0.5mg'g (body weight)) 

n~~y of 1 8 _ 9 1 10-11 112-131 H-15 '·: pect1on . , , 

Mblocated J 3 i 7 ··,--z-i Z l 
··r.fo1·mally_1_ -;-·,-4~1-;9-·,~-j located 1 ' - 1 • ,. 

j--;o-;;--I 40 49 
1 

71 i 37 I 
- : not significant. 

Table ~No. of fet•ises with mislocated os­

sification centers of sternebrae in 
mice treated with 3' -fluoro--1-dim 
ethylaminoazobenzene 

(0.3mg/g (body weight)) 

I Day Of I 8- 9 10-11 I 
• I 12--13 ; ll-J.) I injection I ! ! 

,---~--1·---'----1 

j .Mislocated I I 

8 
1 1'\orm~' 

---· 
31 24 ! located ~ ___ j _____ , 

I 
Total I 39 25 

I 

significant :lt 5 q~ level, 
not significant. 

: ·----· 
2 ! 2 

29 I 22 

31 1-;;· 

Table 17(... ~o. of fetuses with mislocated o,. 
·sitication centers of stemebrae in 
mice treated "·1th 4' -fluoro-4-dim· 
ethylaminaazobenzene 

c o.~mg,'g (bod!' weight)~ 

I 0a,. -of , 
injectmn 8 - 9 ! 

I : , 

!_ )lislo~/_j_) 
I 1'ormally /' 37 ' 

located · 

I
I 1---1 

, Total I 4 l 

IU-11 i 12--13114- l5 

1
-1----=-

3 . 2 ~-~---
25 1 s6 I 3ri 

1--1-
23 I ss .io 

- : not signifi<:ant. 
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Table 71 ~o. of fetuses with not O~:>ttie<i 13th rih in control mice treated 1.n•h peanut c.l 
-- ---- -Daylif lnie-ctlO.n __________ -

right (rlur I 8- 9 
left (1) ! 

10--11 1:!-13 1-l - l:J 

I r. 1. r. 1. r. 1. 1. 

Table 7't. :S-o. of fduses with not o;;;;ified 13th rib m mice treated wi:h -i'-mdhyl.~-dimeth­
ylammoazobenzene 

L_ 0.3 mg;g ~Jx,dy weight,.) 

f
-~-Day-ot-in]ection- . ----------

- - nght(riof ~ 8--9 10--11 12-13 1-1--15 

j Staining leftli) ! r· l. r. 1. r. -1. r. 1. 

1_~f- ~e !3t_h _r_1b _ ~ :_ ----------------
) Not stained I 1.:11_,., U!*"' ! 101-- 7j- I !ii- 6i-- I ll- 0\-- • 

I Famtly stained i 21 3) J 3) 3, 1 3 ~I 3 4) : 
I I I 1:; I lb I 13 t 10 9 I 8 I 1-1 I -I : 
-------. - --- __________ , ________ / __ -------- ---------

!
' Stained _______ l____.:_5 ___ :!_.J_i~--~: ti:! b3 !_E___ __ 33 , 

-~ota_l __ ! -10 -10 : .J9 _19_L 7] ___ 71 __ 1 _l7 __ _E__i 

' : significant at l 0 0 level, - : not significant. 

Table 7't No. of fetuses "·irh not ossified 13th rib in mice treated with rronornethrlarnino­
azobenzene 

co.2 or 0.3mg.'g (b<Yiy weight) J 

• < : ,_ignificant at I 0
0 level, ~ . significant at i 0 ? 0 level, - : no, s1gmfic-ant. 

Table 'li'O. No. of fetu:>e:> with not ossified 13th rib in mice treated with 3" fiuuro-4-dimethyl­
ammoazobenzene 

1J4 



Table Si. No. of fetu:.es ~:ith not ossified 13th rib in mice treated with 4'.fluoro-4-dimetby(. 
aminoazub<!nzcne 

( o. 2mg/g (body weight)J 

1-- Day of injection 
8-9 i 10-11 12-13 14-15 nght(r) or 

I · . left (I) 
1. 1. r. 1. r. 1. ; Staining of r. I r. -' the 13th rib 

-
31 

~l 2 

Not-sta1nicf z1_ 
;l~- I :10 

01 ~)l ~l 0 
13 I 2 ol 0 ol Faintly stained ()! 01 I 

i Sta med 39 39 '.!8 
--

1_Tota1 .. -1 l -11 '.!S 

_,:not signific::mr. 

Table 8.1. Classification of fetuses according 
to No. of o5sified caudal vertebrae 
in control mice treated "';i.th pea­
nut oil 

i~ DaYQf in· 

I I ', - ject ion 
Xo. of I 8-9 10-11 12-131 H-1.:; stained - / 
caudal I 
vertebrae ', 

--0--=.-1 0 0 0 0 
w 

2--1 5 3 7 8 I I 5-7 
j--,:-ot~--1 

42 8 3 18 
47 11 10 

.,. 
-0 

Table 'i'f. Cla~~1fication of fetuses according 
to No. of o~,.,itied caudal vertebrae 
in mice t1·L·at.:d with monomdhyl. 
am1~oa:obcnzcne 

~ O. 2 or O. 3 m;;1g 1 body w.,ight> •. 
,--0a-Yo'ln------:- ---- i------ ----: 

ject1on, I ! I 1 

· ~o. of 1 8 - 9 I 10-ll i 1'.!-13 ll--1:; 
,fa11:ed 1 • 

::au<lal I 
· verkbrae ---a-=-. !----~--. -Ao-

17 

5 - j 21 ll \~ 8 ------·----------- --·--, 
To~al_ __ ~ _±0 __ _:~~-' _ 4;; __ ]~-

. · : ~1gn1ficanr at ; '1 level, 
· : significant at 5 ", le\·d, 

-- : not ~1gniticant. 
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28 

28 
57 58 37 38 

58 58 40 40 

Table g3 Cla":;ifi.cation of ktu:se:. according 

to :;o. of o;,sified caudal vertebrae 
in mice treatej with 4' -methyJ . .1-
dimetbylaminoazobenzene 

r 0. 5mg/g (body weight)~ 
I'. Dav_o_f_i_n------

1
.----,---,~ 

· jection' I I 
No.of ' ' 8-9 10-1\ 1 l?-13' lcl-1~ 
stained ! I 1 - / 

c::iudal ' i I 
_v_er_t~~~e '! , -----~ 

o -- ' I *ti I ~ / (.o) I *u 
:=: ~ i ~ I ~ l ~ ______ , ___ 11 ______ , ___ ,i-3-, -

__ T_~~!- __ !_i9__ __ ~9 ___ : 71 

+ ' : significant at l 0 o lcwl, 
,+ : significant at 100J lo.>wl, 

( * ") : inverse t:ffect at I 0 , sigmticant le"'~!. 

TaLle '1~ Class:ficat1•,n of ictuses accorc!ing 
to Nu. of 0~~1tio.>d caudal n:rtebra.: 
in m:ce traated with 3 -ftuoro-1-
dimethylammoazobt'nzene 

C O. 3mg'g ll:JO<ly weight)-
·. Da_y_o_f_m---------;---~---1 

' jec:tion f 1 i 
'.'o. of 8 __ J J0--11 J:C-13 l .. ·--13 

1
1 

>taincd 
caudal , 1 

.:"~"!.:rt~e~b~ra~e:......_' __ · ___ _,___·---'---- ! ___ I 
0-1 0 ti 

2 - 4 ~.. 1-1 20 21 

5-7 1~ I 11 ; 5 \ __ 1_, ---:rota,-.- -~9-·--'.:!:. . __ 3_1_ 

significant at l 0 , lev<'l, 
not signifaant. 

~-l 



Table: ""- Cla""'tication of fetu*~ :w..-urdmg 
to No. of o:;!>ified caud;il wrrc:brae 
ID mice treated With -t' -t'!uoro-·4-

dimcthylammoazobc:nene 

-~ -0. 2 mg'lc{ -:bodr weil(ht .' : 
Da~:Ofln-.-- i ----;--- - -~--- · 

jt!ctton i I I 
:"o. of , ' 
stain-·<l 8 --!l ,i, 10-11 i l:!--H 14--l:l 

11 c-aud:il 
_":": rtt-hr:ie 

. - -- - -~------------" --- ----- - I 

0 - l 

- .. .,­_, 
0 

l3 

0 

3? 

: ,:gnit:c:mt at l ',; level, 
- : not :01r.·1ificant. 

30 

Table ff. Cla~~1fication of fetu!><!~ according 
to !'io. of o;;sified mf'tac-.J.rpal and 
phalan~l bones ID the hand or 
o,..,..jfic:d mt'.tata~al and phal:lngeal 
bone:~ m the foot in mice treated 
with ~ -methyl.~-d1methylamino­

azot:c:nent! 
~ 0. 5mg/g (bydy wetRh(<) 

i--- bav nfln=- -----r·------.- ---------
1 -j~tion: · · 

! Total 8 - 9 10-11 : I:!-13 .
1 

14-13 
: 1\fo. of 1 

I ~tamtd I 
1~~ ! I :--- --~-=-~--- -") ____ (~,,--------: 
i ] '. 6-11 ~ g ~ ~~ ~ 
I - , 33 JO ~9 : 21 
: I 12- -17 : I I ! I 
1--·----'----.---1---·----i 

0- 5 I --- "' (** . I .. ~ 
I 2 I 2 2 7 
ii 5 l 20 0 20 s--ll i 33 I ZI 69 1 c1 

1 '-li' _. _____ I ____ , ____ . 
;--'f,)t~-, -·· .iu .i~ 71 , 37 

------------------- ___ .I 

l g 
I :.:.. 

; !>ign1ficant at I a.;; level, , : significant 
at 5 °:; level, - : nor ~igmficant, 

( · ) : inverst: effect at 5 ", s1gnificint level, 
( · •") : inver=-e effect :it I "o :,igniiicant le\·el. 

"'* 0-- 5 11 5 

6--11 1 I 9 

!'.! 17 K l l 
To:al :1• 1 !..J 

: Ml.(uilICant at 1 n" l1:v(·I. 
: n()t 'IKn:f:r :mt. 

'.ll ., I 

Table 8'f, Cia:>sific::1ti. 'a of fetuses according 

to Xo. of ossified metacarpal and 
phalangeal bones in the h::rnd or 

ossified rnedtarsal and pr.a!.:1ngeal 

bones in the foot in control mice 
treated with peanut oil 

""'"15a}· of in~ 
jection · 

: Total 
!:>;o.of 8-9 10-11 1:2-1'3 :4-l'Ji 

1 
,,tamed f I 
bones 1 • 1 1 

,--u-~---u--o-----:;- o 
i"E -
! ~ '. 6 -11 l~ 0 ' .J 5 . 
I I 1" 1- ' 3 I i i ! I - - r 1 , ) 11 , ~ ~) l , 
:-.::-1----o=s-t--1--1- -0------1- --o-: 
I l ! 6-11 I 11 I 0 : 3 6 I 
,_1 ___ 1_'.?-17 ;_ 35 ! 11 ! 3 !O 

'
. Total I <~,-.·,----1·1·-· ------·-'---""'-'--~--~--.......!.'..lll -- --~---1 

Table i'J. Cl:isoifiotion of fetu~es .::.ccording 

to No. of ossified metacarpal and 
phalangeal bont·' in the hand or 
oss1fa:d me~atar:;al and phalar.geal 
bones in the hot in mice trc:ated 

with monumeth;:lamin-oazobc:nze­
ne 

Table 'fl, Classification of ft:tus"" according 
to No. of ossifid metacarpal and 

~ phalangeal bones in the hand or 
ossified metatarsal and phalangeal 
bones in the foot in mice treated 
with .. '.ftuoro-1-dimethylaminoazo­

benzene 
C 0. 2 mg/g (body weight)~ 

---oa;:-oc1n--------- -~---

jection 
Tata! • ,. f I 8 - 9 10-11 l~-13 I l-l---Li 
.~o. o I 
stained I 1 
bon~~ i 
,- ---- --,--. ---------·----

0- 5' I ~ i 
, -g .t I z 
i g 6 - 11 13 3 ~O 11 

i l'.! ., 1 I 21 ! 2:1 30 ~ti 
:------0---;· ' -- --~-~-,- -- -· -··1·- ·=--1----.- --

JO 3 19 8 

i ~ 6 l l 6 I 3 1 Iii 1 l 

8 3 

1·~ . 1~ ·~~, I IJ) ! '!:~ 
Total -~w- I-· :;.~ ,,.., -1 

lrl 
•Iii 

' • ; r 11(111111 an! nt I '', kvt·I, : ~1~111fkant 
' ~,r :, ",, l•·"·f. 1 : ~ll,r1l11c:1111 111 !ti"., lcvf'I. 

: 11r.l •,1 0n11!icant. 

iy, 



Kelly et al (1964) acquired eight samp:es 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 ad]ust 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 redLced 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 injecled 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 

l f/ 



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 <let~nnination required a different rat as sacrifice was 

involved). 

TAHLE 92. 
Eri u 15 OF TI<Vl'M> BLllf (I 1~ FtTU!-it s 

-- --- --- -- ----- ------ .. - , __ --- -· --- ------ - ------ ------
1\ JH1n1afuu~ 

!\o. No. Litter individuals Rc:,orption!-. 

Dye lit tcrs ftluscs site (av.) No. if{-, No- % 
---- --- -;--- --------- ------- ------- ----------- -- --- --

\\'hole dyes 

1 5 ~8 7.6 12 -~I .6 12 24.0 

3 25 8 .. l 8 12.0 6 19.4 

3 3 29 9.7 11 .l 7 .9 2 6.5 

6 .\J 5.2 17 )1 K 19 37.0 

-s 3 2'J 9.7 3 l () J 4 12.l 

6 3 33 11.0 I ·' ,() () 00 

3 29 9.7 3.4 0 00 

8 3 28 9.3 3 10.7 4 12 .5 

29 242 88 5(, 2 \ l 47 l (J.3 

--------- ------ --- --- ----- - -- - - - - -- - ------
Blue fractior,, 

5 35 7.0 14 3 9 204 

4 29 7 .. 1 3 10 .l 4 I 2 .1 

.1 l 16 8.0 0 0.ll 5.9 

4 3 22 7 .3 I 1t 5 17 3~\.3 

5 4 .HJ 7.5 0 ()() 0 00 

6 3 1.l 4.3 4 311 H 20 60.6 

II 5.5 (I (I() 9 45 ll 

I> " JO 10 0 0 no 3.7 

2b 18u 7 .1 13 70 5(; 2.l.l 

--- -------- ---- - -
R .. d fractw11~ 

3 }.l 77 4 l 6 20.'/ 
3 ) ' .I 9 (J ll 11 ll 0 00 

·' 3 .12 10 i l >I I I.I 

4 b !U 6 7 I j ' 11.l 

3 !'/ 90 0 (i () ? (j 9 
(i .\ \I 11.3 ~ IJ 0 00 
7 2 2 I l l.5 ~~ 7 0 00 

8 3 .>I 10.3 1 3 J 0 00 

26 2}'/ 9 5 8 J ·i 17 6.7 

------------ ------- --- --- ------- ---- --------
AU dyes 81 6t,) 8.'i 77 11.ll 120 15.3 

-------------- ---- ----- ---- -------
Controls 16 170 10.(, 3 1 8 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. 

Table91 Teratogenic response to four bisazo dyes injected 
subcutaneously at 8·5 days of pregnancy 

No. of mothers 
r---'----. 

Surviving Total Resorbed Abnormal Normal 
Dye. Dose In- to implanta- ,---A-..~--, ,----'-------, ,---~ 

(m~/kg) jected term tions No. %"" No.%* No. Of * /0 

Niagara blue 2B 50 11 11 97 7 9·0 1 0·9 &9 90·1 
100 13 12 114 33 28·7 4 3-5 77 67-8 
150 14 12 128 46 40 7 J2 22·2 50 37·1 
200 7 5 53 53 100 0 0 0 0 

Niagara blue 4B 50 13 13 122 31 33·5 3 2·4 88 64·1 
75 12 11 109 39 36-4 0 0 70 63-6 

100 13 11 114 64 56·6 0 0 so 43-4 
150 11 5 50 50 100 0 0 0 0 

Afridol blue 25 10 10 123 22 17-2 9 7·6 92 75·2 
50 14 14 134 32 26-0 11 7-7 91 66-3 

100 8 8 77 16 21·8 13 16-3 48 (, 1-9 
150 11 11 113 57 50·3 21 17·2 35 32·5 
200 10 9 80 45 58·7 10 13·2 25 2f; l 
300 9 8 86 71 81·7 7 10·6 8 7·7 

Evans blue 50 7 7 70 13 I fr 1 I · I :'\(i 82-1\ 
100 8 8 72 JI 4~i •I 2 2·5 :1') 49 I 
150 s 7 70 66 95·2 4 4 I! 0 0 
200 10 7 74 58 79·8 2 2-4 14 17·9 

• Percentages represent the arithmetic means of the pcrcentat;e 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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Fig. 5. I\rate:·,rnJ mortality within 12 days of administration of various bi:;azo dyes. 

Figures 5-7 reprinted with permission from J. Embrol. Expt.L. Morphol. 
16:29-39 (1966). Copyright by Cambridge University Press. 
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The reason for giving an Evans blue inje~tion 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, % abnormalitie& rose to 12.7; 

at 150 mg/kg % abnormalities dropped to O. 

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.S days, presumably from toxi~ity rather 

than secondary consequences of malformation. 

Beaudoin and Pickering (1966) synthesized 16 dyes related 

in some fashion tc 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 reBults 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, no~ was there any 

found in the tissues examined--six of these dyes consisted of i;imulations 

of the compounds in Table 94 cleaved at the biphenyl li~kage. Table 

96 presents the tissue distribution of the compounds wh~se 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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TADLE 'l'f, 

Te71?toge11ic actit•ity of disaw dyes in t11e rat 
----------

19 181 57 54 

NIAGARA BLUE 28 

IS 165 23 0 

I 
EVANS BLUE 

NoS~3MN•N-C>-Q-N•NMso3Na w CH3 CH3 w 201 23 14 

S0
3
No NaS03 

NIAGARA BLUE 48 

151 126 15 4 

NIAGARA SKY BLUE 68 

151 145 8 3 

----------------------------------- -- -----------
1 Data from \Vilson, '55. 

Tables 94-96 reprinted with permission from Anat. Rec. 137:297-305 
(1966). Copyright by Wistar Institute Press. 
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TABLE 'iS". 
Effects of synthesized disazo compounds on rat gesl.1tion 

Number N!'mber of Emb~- Survi mrs 
f 1mplan- • 'os mal-

o mothers tations resorbcd formed 

COMPOUND 6 

MN·N-0.QN•NM 

~ CH3 CH3 ~ 
NaS03 S03Na NaS03 S03Na 

7 69 22 0 

COMPOUND I 

~N•N-o-Q-N•NwHO 
~1 CH3 CH3 

NoS03 S03NO Nos 3 s 3NO 

6 48 4 2 

COMPOUND 8 

8 76 14 3 

COMPOUND 5 

w···pq···w 5 53 0 0 

S03Na NaS0
3 

COMPOUND 10 HzN OH HO NH2 

Noso:swN·N-o-Q-N•NM 
OCH3 0CH3 ~ 

NoS03 S03No 
S03NG 

6 60 7 0 

TABLE '16· 
Ti.-isue distribution of disa=o dyes and selected s)j11t1zetic c01.1pounds 

\ 

Maternal macrophage Maternal Yolk sac cells of liver, spleen. Jodney epithelium lymph node and lung 

Trypan blue ++ +++ +++ 
Niagara blue 2B ++ +++ +++ 
Evans blue ++ +++ +++ 
Niagara blue 4B ++ +++ ++ 
Niagar.i. sky blue 6B -+ -+ + 
Compound 6 + 
Compound 1 
Compound 8 + +++ +++ 
Compound 5 

+++ Compound 10 + ++ 



Pizzarello and Ford, Jr. (1968) dissolved 6 mg 0f 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 µg 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 appeared 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 l,4-dimethyl-2-(phenylazo)naphthalene. Sarcoma 37, only, 

was inhibited by 3-phenylazophenanthrene, 2,2',5,5 1
- and 3,4,4',5-

tetramethoxyazobenzene. Walker carcinoma, only, was inhi~ited by 

3-phenylazoacenaphthene, 3,3 1 -dimethylazobenzene, and 3,3',4,4',S,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 151-250 days, 12 of 



2l had hepatic reticulum cell sarcomas; 6 of 9 surviving 251-350 days 

had this tumor. Of those given 14 doses in 182 days and survivinis 210-250 

days, 3 of 5 had tumors. The author was unable to demonstrate th1a 

t •:ansplantability of the tumors in 24 attempts, but may not have allowed 

sufficient observation time. He was aware of the impure nature of the 

C''.lmmercial dye and was not at all certain that the trypbn 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 

f:·; of the o-, m-, or p-positions of the non-amino ring. Also tested, 

a,_rl also found to be more carcinogenic than DAB, was 2-fluoro-DAB (Series 

II, Group 6). 

TABLE 97. 
Tm; CARCINOGENJCJTU:S Of VARIOUS FLUOltO DEltlVATIVES Of 4-DlMETHYLAMINOAZOJl~NZENJo: 

•rn1a 
OOUPOUND lNCJDl.NCE or LIVl:B TUl•.aaa• Gaose c1llRBoa1e 

.Pu CJ;NT WAS J'ED (am.) AT END or 

SEUl[B Gaour Cov1'0UJ<D rro IN Dl£T (vo.) s 4 6 e t'EHDINO COMPGUND 

1 DAD 0.054 8 11,/16 7/15 none-mild 
! !'-1''luoro-DAB 0.069 " 4/18 8/1& mil<l 
s S'- " " " 8/14 12/14 moderate 
4 4'- a .. • • 16/25 24/25 

JI 5 DAU 0.054 8 2/16 6/16 none-mild 
6 2-Fluoro-DAB 0.059 " 8/15 13/15 mild-moderate 
7 2',4'-Difluoro-DAB 0.063 10/16 lG/16 modernte-severe 

III 8 DAB 0.054 4 8/16 11/16 none-mild 
9 !t' ,5'-Difluoro-DAB 0.063 3 9/16 16/16 ll1<1derale 

10 3',5'- " " " " 9/14 14/14 " 
IV 11 DAH 0.054t s 1/15 6/15 none-mild 

-0.045 
12 2',4',0'-Trifluoro-DAB O,OOGf " 5/15 13/15 moderate-severe 

-0.0·lO 

" l!l l>AB 0 .1)(1 4 2/15 'l/15 nont.~mild 

14 k + 1•otli11111 U.Utit " :1/16 'l/15 " " 
f111or1>11<'t'lnle O.OO:l 

16 !'odium O/HI none 
fluorouC'Clule 0.002 JO (1rnd 11t 

10 mc•s.) 

•No. anima.11 with tumon1/oumber of aniumlal aliw al tad of dyt> fttdintr. kepri~ted with permission from Cancer 
Research 13:93-9i (1953). Copyright by 
Cancer Research Inc., and the American 
Associ a·ti on for Cancer R,esearch. 
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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 tumor~), 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. Th~ 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. 

Schmahl (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 P04; because of the latter's toxicity, one day each week for the first 
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Reprinted with permission from Cancer 
Resectrch 14:22-24 (1954). Copyright by 
Cancerlresearch Inc .• and the American 
Association for Cancer Research • 

. TABLE 9S. 

TUMOR INCIDENCE* AMONG THE V AHIOUi GHOUPS OF RATS 

JlECEIVl~G IlETEHOCYCLIC ANALOGS OF DAB 
Compound Code 4 lnO. 6 DlO. 8 mo. 

l'y1 i1linr-:l-azo-p-dimelhyla11ilinc l'-2 0/2 0/2 0/2 
l '.vri<li 11c-:l-azo-p-d1111cl hyla111l111c l'-3 0/2 0/2 0/2 

10 mo. JI? mo, 

0/2 0/2 
0/2 0/2 

l',v1 id111t'- t -:i w-p-din1elhy b ni line l'-·~ 0/2 2/2 4/4 no survivors 
'1'111.1 ?olc- o'-aY.0-1,_, Ji 111dh.)' la 111li 11c T-2 0/2 0/2 0/2 0/2 0/2 
1'~·1 itli1u·-l-o\1de-~-.l'/,o-p-·( linw! liylanilinc ]'02 0/2 0/2 0/2 0/2 0/2 
l'.n11liw- l-o-..i<lc-·l-azo-7>-<li11":: hyl1tml111e l'O·i 5/5 no survivors 
;1-Dim,·ll1~ l.tm111oazobcnzcnc DAB J ;:1 2/3 2/2 2/2 no our-

vivors 
•Tur.nor iuri1.knr'l' ~ .. numlwr or r.1l-. witl1 hqmlic tumori;i/uumh('r of ratit .. aC'rifict><l, 

su.1nt.\HY OF J[JS'IOU>GICAJ, ]).\TA Oi!'J',\11'J:J> l"llOl\I Till: LI\'EHS ('JI HATS 

Hi:cuvr:--G lIETEJl()CYCLJC Al'.AI.oGs OF J),\JI 

, J'-~ D1fl1hc fally cha11g(•;, to l«>rnwl 
l'-3 :\lodcr.il<' fatly c1urngc.,, le:•• than 

l'-~ 

l'-·\ Sli;;l1t fatty changes 

T-2 
l'Oi! 
l'O-\ 

\farh<l fally changes 
Xor111al 
Liver entirely replaced hy papilbry­

t~ pc tumnr, frbro11s t '''lie reac-
t ion, acute iuflamrnalCJ1y r:ccro~is 

D.\13 One anirn:il \11th mull1plc turnor 
nodule,, fihrou~ ti,<snc rc.idion, 
inflammation, fatly changes; two 
ru1illwl>, livers normal 

Control Xormal 

6 tJln11L]1s 

Mo1l<'ratc fatty cloanges 
Normal 

Nodular tumor•; two kin<ls of ll<'O­
pla~111-hq1atoma un<l papillary 
n<lenocarcinoma nribing Crom bile 
duels 

Normal 
\[odcrate folly changes 
No ;urvivors 

Two animals with tumor ma"c' of 
livn cell type surrounded by 
slight fatty changes; one animal 
liver normal 

Normal 

8 llH1ntl1fl 

:Mo<lcrnlP f11lly d1uni.;r·" 
Sli!(ht i11cguJ,nily of loliulnr 

pattern, '"me large or 
<lout11c nuclei 

Large nr1d11Jc-, of necrotic tu­
mor of liver cell type 

Normal 
Normal 

No survivois 

Normal 

RESPO~SES OF HATS RECmVI?>G P04 AND S'-METUYL-DAB 

Survival (I mon1 ho;) 
.\ver·1:;c body weight of survivors 
Wci;(hl d1angc (3 month-;) 
Liver W('igl.t a• per cent of body 

wcii:;hl 
Food consun.ption (b'Ill/day) 
Turnor formation (4 month~) 

PO~ 

2/5 
145 gm. 
l!l gm. 
15 per cent 

7 
4/5 h!ld masbive tumor formation; 

l/G had no<lulation and small tu· 
mo rs 

S'-Me-DAil 
4/5 

230 gm. 
82 gm. 

9 per cent 

12 
S/5 had exten•ive nodulntion to 

definite tumors; l / 5 had slight 
nodulntion; 1/5.normnl 

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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...... 
:::­
'-0 

Compound fed 

N, N-Dimethyl-p-aminoazo-
benzene ......... 

.. 

~Mct.hyl-p-~minoazoben-
zcne .. ........ . 

N-Ethyl-p-aminoazobcn-
zcnc. • . . . . . . . • 

N-M cthyl-4 '-rncthyl-p-arnl-
nonzobouzcnc. . . • . . 

N-Mcthyl-4'-cthyl-p-ami· 
noazohcnzenc. . . . . . 

I 

TABLE 'i"/. ·Incidence of hepatic tumors in rata fed various azo compounds 

Percent\ No. of 

Inci-
No. of Liver findings at autopsy* den cc 

Formula ani- of liver 
ma.ls in diet days fed cancer 

±)+ 
(per-

- ++ +++ cent) 

. 

1s-2so I 
-1-C!I3 

<:::>-N=N-0-N/ 15 0.060 0 1 I 3 5 6 93 

"-cH1 

CH, 

·o-N=~-o-N~ 14 0.056 132-250 0 1 5 3 5 93 

II I 

' C,H, 

0-N=N-0-N/ 
15 o. 000 148-250 15 0 0 0 0 0 

"-n 
CH, 

IIsC-0-N=N-0-N/ 15 o.ooo 100-250 8 4 3 0 0 20 
I 

"~1 
lo CII1 

H,cr-Q--~=N-0-N~ 15 0.0<31 104-223 0 7 7 1 100 
' 

I H 



\..'""'. 
~ 

TABLE _ 99. _C_Q!l tirulJu:l . 

N-M'ethyl-2'-methyl-p-ami­
noazo bcn zene. 

N -Mcthyl-2' -ethyl-p-ami­
noazobenzene. 

N-methyl-3'-methyl-p-ami­
noazobenzene. • • • • 

N,N-Dimcthyl-3'-methyl-
4' -hydroxy-p-aminoazo-
benzene ....•... 

3'-('1-Dimethylaminophen­
yJJ azo-pridinc. 

?H• CH1 

<:::>-N=N-0-N/ 
'-H 

92H5 CHa 
- ' ' / 
0-N-N-0--N 

'-H 

~ -· /CHa 

'-.)-N=N-0-N, 
H 

CH, CHa 

HO-b-N-=N-0-N~ 
CHa 

CIIa 

0 0- / -N=N- N 
N ' en, 

15 

15 

15 

15 

15 

0.060 98-250 10 1 I a 0 27 

0.064 74-250 15 O Io 0 0 0 

o. 060 I 141-225 0 0 ! 6 6 3 100 

o. 068 I 107-250 15 o Io 0 0 0 

0. 060 I 199-2.JO 4 312 4 2 33 

I 
•-intlfcatcs smooth, practlcaHy normai iivl!r; := i1J1Hcu.tcrs nodular cfirhos!s wfth a<lcnomatou~ h.rperpl!1s1n; + L'!d!cnt..!Jl' '"'tJnnt arc.DB of cholrmJ,?lotnn or ho1l0toma; ++ lndlcutos exton· 

dve liver canc<-r without meta•tasls; +++ ln<l!cutcR extensive liver C!IOC<Jr with mctnstnsls. 



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. Their results are given in 

Tables 100 and 101. 

TAilLE 100. 

TuMOR lNCIDEl'iC.ES OF RATS l<'ED VARIOUS PYlUDIN~: ANALO';S OF DAU 
I 

LEVEL 

JN DIY.T TuMoll INC'JlH;.."c.c• 

Co11rou11io Coni: (per cent) l 1110. 2 mo. S mo. 4 mo. 5 wo. G mo. I nio. 10 mo. 

4-:\IC't h~·lpyriclinc-'J.-nzo-p-dim<'thyl- 4-l\le-P:l 0.06 O/'l 0/2 0/2 0/2 
nniiinc 

6-::\ kt hylpyridinC'-i!-nzo-1,.dimethy~- 6-:\!e-P:.! " 0/2 0/2 0/2 0/2 
aniline 

4-.11 lei hylpyridine-l-oxide-2-nzo-p- 4-.11Ie-P02 " 0/2 0/2 0/2 O/'l 
climcthylaniline 

6-J\ 1 d h~· l pyrid ine-1-oxide-2-uzo-p- 6-Me-1'02 " 0/2 0/'1. 0/2 0/2 
chm<'thylaniline 

'1.-1\lct hylpyridinc-·i-a?.o-p-dimelhyl- 2-Me-P4 " 0/2 0/2 2/3 '1./'J. 
aniline ' Py rid inc- l-oxicle-3-azo-p-dimethy 1- 1'03 " 0/2 1/2 0/2 S/S 
aniline • 

'1.-J\l ethy lpyridine-1-oxide-4-azo-p- 2-Me-P04 " 7/7 no survivors 
dimelhylanilinet 

s-Me-P04 " 2/2 3-.11 I cthy lpyridi ne-1-oxide-4-azo-p- 0/1 0/2 J/j 2/2 
dimclhylaniline 

p-Dirncthylaminonzo benzene DAD " 0/2 1/3 2/3 '1./'J. 'l/2 

2-J\lct hy lpyridinc-l-oxiJe-4-uzo-p- 2-:\fo-1'04 0.02 0/2t 0/4t 
(lin1dhyl.1nih11c 

2,6-Dimcl hy lpyricline-1-oxide-4-nzo- 2,0-diMc-1'04 0.02-.03§ O/~t 0/2t' 2/2 1/1 
p-cl11nclliylanilinc 

• Tumor inciil<•UC'(' i~ th(' numLcr or ral11 -·ilh h<·1ullil1 t11omr../11umbt•r of rats sncrill<'t'd. 
f J>id lrvd wn1 rl'duccd hy inf<'rmitlrnt U"k' of rarf·ino~(·n-rrt·l· dit·t. 'l'hc number o( dnyR on nnJ off tbe mr<'inownk- dicl arc indi<'utrd by the followin6: 

IM"l)Uf'Oet' wltC're numbc-r~ in pnrC'ntlu:·.,.,·:. ul'<' rlnys on ho-.nl dwl wil h no ur<.·inog<·n. 11-(tl)-6-(J)-1-{~)~l l-(i)-60-(4)-S·lo. 

t 'fJwi-.c· rnllll. wlulc hu.ving no tumor!', did "how ndvnnt.'<'d <'irrl101tis. 
l Al l h< onJ ol lho fir.l month lh<' J..wl WM incren,cd lo 0.1)11 per cent. 

TABLl~ IOI. 

HESl'O:\:-;Es <W R.\TS l!ECEl\'IXG 2-?.h:-~'04 
.\SD m'-M1n·11n,..])AB* 

~urvival nt 4 months 
,\\'. hody weii.d1t of survivor3 
. \\'. "right change nt 4 

11101111>' 
Av. Ji,·1·r \\'eight ns per cent 

of hody weight 
Tumor formn t ion at 4 

months 

2·Mc-P04 

7/10 
JG7 gm. 
!l 8 gm. 

27. 6 per ccnl 

7 /10 hncl n11is,ive 
lmnor forma­
tion; :1/10 died 
will1in 2 weeks 
of ~larl 

•n'-Mc-J>AU 

10/10 
!l!lO gm • 
152 gm, 

/; 5 per cmt 

5/10 slight 
necro~is; 
5/10 nor· 
111111 

• Tht· ('J1rrinn~1·n-. al.lh<' 0,0fl jl<'r C't'OI ]l'vd \\'('rt 1rd inl<'rmitlt nth- to 
l.1olh ;:1011p" 1t1 1tk11l1rul nmnnc·r. T 1r n11111lwr of cla\'" 11111111rl. ofr tlw <nn°1no· 
pn11•litt1ff<' ind11nlrd In· tltr follov.in~ -..·qucmT 

0

\\hat· t111ml11·r-1 in JUlft'n• 

th··..._ • ., 11n.• da~ii. on l1a~nl tlwl \\llh no c.1r(1110.i.;1n. ll-(fl.)-6-(1)·1·(.;)-11-{~j .. 
.'iO-{ i).:t ... 

l)l 

Reprinted with pennission from Cancer 
Research 14:715-17 (1954). Copyright by 
Cancer Resear~h 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 riboflaviq 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), 1-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 (Oil 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 

~nd 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. In Table 105 is a listing of relative carcinogenicities of 

substituted DAB's. 
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TA'BLg ICt. 

THE CARCINOGI:~IC!Tlf:S OF CEHTAJ:-; FLl'OilO A:-;D METHYL DEIU\'ATlVES OF 4-Dl~II::Tlfl"LA~ll1'0AZOn~;~u::.E 

Tuu: 
cow-

POtJN'D No.or IKcroZNcz or Lrvu ro:woaa• G~a cra .. 00911 

CO)IP'OOMD F&O W'A.!I FED llA Ta (mo.) AT L"l'D or r.cr.ra--
Sc•n:a G1too• (2.40 millimoles/kg d icl No. I) (mo.) IT.ARTD> s ' IS s 7 8 10 11 INO or COl-JPOL"~D 

I I O=~NICHh 4 16 4/16 14/16 Mild-moderate 
4-Dimethylaminoazobenzenc(D AB) 

F 
! O=Oot~~ 5 IS 2/1!1 10/18 Mild 

S-1''luoro-DAB 

~ 
s ~NV!C1-i:3l.z 8 11 0/11 2/llf None 

S-1\Iethyl-DAB 

" 4 F{)-i=OC>fj2 s 15 12/lS IS/IS ·' 
Moderate-severe 

S',4'-Difluoro-DAB 

5 ~o~ ~c = '2 6 a 0/12 2/12 None 
S',4'-Dimcthyl-DAB 

II 6 DAB ' 16 6/15 14/15 Mild-moderate 
I': 

....,, 7 0=9'Dli2 7 14 0/14 0/14 None 
\.r\ 
w 2,6-Difluoro-DAB 

III 8 DAB 4 16 S/16 11/16 Mild-moderate 

0 °'10~ 8 16 0/16 1/16 None 
!-Mcthyl-l\IAB t 

" F'. 10 P.=~~ (I 12 0/12 0/12 None 

!,6,3',5' ·TelrnC!uoro-DAD 

11 Fcf-i:r~~ ' 6 0/6 0/6 None 

t,6,2',4',6'-PentJ.!luoro-DAB 

ff 12 DAB ' 16 5/16 18/16 l\Hld-moderate 

" " IS tf =r{{·UiJ2 5 IO 0/10 6/10 Mild 

t,5,2',5' -Tetra lluoro-D AB 

"' • Xumbcr or rau with tumors/number o! rats alive at end o! dye feeding. f Benign hepatomas. t MAB - 4-monomethylaminoazobenzene. 

T~bles 102-104 reprinted with permission Canc~r Research 17:387-98 (1957). co·_ 
right by Cancer Research Inc., and the American Association for Cancer Resea~~h 



TABLE IOJ. 

THE CARCIS'OGES'ICITIES OF V • .\RIOUS RE..\RR..\~GEME~T PRODUCTl) A:-10 OTHER DERIVATIVES OF 4-DIMETUYLAl!DlOAZOBESZESE 

'Tuu: Gaoea cuu1110011 

COKPOt!N~ l'l:D 
CO><P<lt1J!ll No. OP IJcctDGCJ: OP LIVI.R Ttl'lIORa' .&T T..~D or J'J:£D· 

""' J'l:D 
IUTI (mo.) DO 01' CQlfpan.'Jll 

S1:uu Gaoor (!l,87 millimole1/k1 diet No. I) (mo.) ITA&TED 4 8 • 10 11 11 

v H DAB 4 14. 4/14. 12/14. Mild-moderate 

16 Ac~ONl:Hjz 8 15 O/lS None 
NH 

0 
2-Acetylamino-5-dimethylamino-

diphenylamine 

16 ct9 8 11 0/11 None 

Benzo{c)cinnoline 
OH 

17 OQ~2 8 6 0/6 None 
S-Hydroxy-DAB 

) 

n 18 DAB 4 16 15/.16 15/16 Severe 

19 OJ"ONC>i,;2 8 15 O/lS None 
NH 

0 
..... 2-Nitro-5-dimethylamino-

\ .. -.. diphenylaminc 
~ 0-0(013'3 o· .. ~ 20 8 16 0/14 None 

DAB mcthochloride 

21 S-Hydro'{y-DA B 8 6 0/6 None 
(cf. group 17) 

\'II 2~ DAB 4 15 12/16 1 4/15 :Moderate 

23 ;lzNO~ 0.CH.Y2 8 15 O/H Kone 

4-Amino-4 '-dimethylamino-
diphenylamine 

u ~NO:~so':i 8 15 0/15 None 

4-Imino-4' -dimethyla minodiphenyl-
imlue sulfate 

" nn 25 DAB 4 12 6/12 12/12 !\Ioderate 

26 ¥01'1(~2 12 10 - 0/12 - :\'one 
N:>z 

S,4-Di.nitro<limethylaniline 

IX 27 D:\B 4 15 10/15 12/lb \J:oC:cra te 

~~'- ., .. 0/6 :\'un~ 



~ 
\J\ 
\J\ 

TABLE Wf. 

THR CARCD:OGE!'i!CITIES OF VAn!Ol'S DER!\' ATIVES OF 4-Dn!F.THYLA~!l:\0.\7.0il!::'\ZJ::'\f; 

Tnu: 
co:w-

POOND No. OF 

MILLUl.;LEA/ WA.8 J'ED aATll 

SDJu GaoUP Co»POUND(I) l'ED SQ DIET* (mo.) aT..t.flTl:D 

XII--ConJ. 87 Oi;)lf'0=~2 2.67 15 16 
4,4' -Bis(c.limetbylamino)-azoben-

zenel! 

XIII 38 DAB 2.40** 4 16 

S9 cY~2 2.40° 6 16 
2' -:\Iethoxy-1> AB 

40 c~~z 2.40** s 16 

S'-~Iethoxy-D.\ H 

41 ~=OJ0!32 2.40** 6 16 

4'-~letlioxy-DAB 

XIV ·H D.\Il 2.00 g 16 
43 S'-~Jeth~ 1-I> .\Il 2.00 3 16 
H 3' .:-,r et hoxy-D.\B 2 00 s 16 

X\' 45 DAB 2.14tf 3 14 

46 cxp~01=rO·~CH32 2.14tt s 14 
4'EtJi;,.J-D.\ll 

!! G:>;:~,.~::~.d mcty be p00rly absorLcd, sir1ce it was readily <leleclc<l in ll c fec~s. 
** fe-d ~.':I :ni:l:•,:n!cs c•f dye lg diet for 2 weeks, then on <lye-free diet iur !l chys and 

returne-d to le-.·el of dye ]i;ted abuve for remaining time bcc;iusc of toxicity or 3' -melhoxy 
_dye. 

Gaoaa CJl\kDOHa 

.A'I' Dn or 
INc10F..'"'fCI: or uvu Tu•toaa f ra:!.-nINo or 

(mo.) COJIPO~IJ 

s ' Cl 8 •• 17 

0/18 None 

·' 

. 
1/16 7/16 10/16 Moderate 

O/l6 6/16 8/16 Mild 

8/9 9/9 Severe 

0/16 6/16 12/16 Mild 

0/16 4/16 Nooe-mild 
6/16 16/1() Moderate 
8/JG 16/11> Moderate 

1/14 li/14 "' ~lild 

6/13 12/13 Severe 

tt Fed 2.67 millimoles of dye/kg diet for G weeks :ind then level of dye li<tcd for re­
m:iining time because of toxicity of 4'-cthyl d~e. 



TADLE 105; 

THE CARCINOGENIClTfES OF VARIOUS RING-SUBSTITUTED DEllC!ATIVES OF 

4-DIMETHYLAllH NOAZOll E :'\Z C NE• 

ltELATJYi: ACTIVIT(U (UNtlUIJ8TITU1'l:f) or11:-6) 
P08mOK l~- Clh- CH1CH1- Cl- llr- 1'101- Ci'.- 110·· Cll10-

1.' 10-1'l <tt iot 1-2 ot o ., o :i 
!!' 10-111 JO-Jilt ./HI O§ lit Q 0 10-l'l 
'i.' '1 'l-:S t OJ 2 S 0 O ~ 
2 >to ot o 
3 4 <lt 0 

2',4' >10 0 
2',5' >rn o o 
S',4' >lo <1 
S',5' >IO 0 
'l,6 0 
2',4',6' >IO 0 Ot 
2, 6, 3'. 5' 0 

. 2, 5, 'l', 5' 4 
2, 6, 2', 4', 61 0 

•Data from Rers. 22-!M, 2G, and present paper except where noted. 
t The N-monomelbyl dye' have ~imilar ncti,·ities; see ltds. l!S, ~l:i, ~Hi nnd pr1·scnt paper. 
t Poorly absorbed. 
§Sec Hef. 16. 
I As N-monomethyl derivative (36). 

Nieper and Druckrey (1957) reported that Jan~s Greem 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 a~w 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-hexylresor~inol, 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-

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. 

Rlittner 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 O'Gara (1959) fed male and female rats 4-dimethyl-

aminoazobenzene (DAB), 4'-dimethylaminophenylazo-1-nap~thalene (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 12% protein diet. Except for DA-2-N the sex difference in tumor 

development was striking. Average time for tumor develvpment from DAN 

was 20% longer in the females. This figure was considerably higher from 

DA-2-N treatment. 

Table 106 

Tn•atrm·nt Tumor .. ir1,lt.et·(l 

,---Cnrci11ogc·n~ Iu1luctio11 r---o--, ,..---9----, 
o/o DayH fed periocl (•la~"ll) Inci•IN1~•· ';·r Ind1knre '1C 

- . -- --
DAN .075 300 2i0 ~~/:}i ';.) V4'1 li 

.15 1/!> 11 

.3 3/5 1)1) 

.6 2/4 5o 

DA·2-N .Oi5 2:io 80 39/41) f•H :H,~4 1fl0 

DAB .06 280 150 56/riG 8:; 6/31 19 

DAB .on 2/52 4 
and protc-iu 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 90% incidence at six months. The n-Bu DAB gave a 43% 

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 

78% 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 0.03% dietary 

level the iso-PrDAB and EtDAB were 50% and 267% more active than 0.03% 

DAB at six months. 

Arcos and Griffith (1961) found that a seven-n~nth feeding 

of 0.04% 2-methylDAB or 0.02% 3 1 -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 month3 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 0.054% 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 DAB failed to 

generate hepatic tumors, but the same treatment followed by six months 
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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 cnntains the results. 
TABLE Hl7. 

Tm: 1NC11JI::->c1:s OF Ttrnons IN HATS F1m T/l E 2-IlYDilOXY (l !0-) on ;t. OH ~l-MBTTIOXY (i\kO-) 
Dr:mv.\nvi::s Ol' <1--A'.\1INOAZ011ENZENE (AH), 4-MoNmn:·rnvr..uHNOAzoni::-;z1:1'.F. (1IAD), 

'"'· 
A,-. 

OR 4-DnrnTnYLAMINOAZOBENZENJ·: (D,\B) 
--- ----=====---=--==-o--,­

~o. t\AT~ wn11 \tAi.JUNA!'l'T n \10\\q, OJ·" 1"llt.; 

WT. T111>tr; 
1!\1-

Suu .. I 
CO\ll'Ol:~P· 

OAIS crv. s •. x 
VIV AL 

'rf,\[., 
... 0. AT FJ-.D AT 

I 

Eu.11 

WT. 

I 
((J\f.) 3 WJ<. (Mo.) 4 Mo.f (6 

Liver Eur dud 

j Tl\£ 

I ~m1lll .:'rl ,n:nrnnry SUI"' 

1

1 1

~(:!~!:- Kl and Skin I Vl\ 011& 

(G (I) (11 \IO.) I (G"·' (l l 
i ' · mo.) mo.) 

-1 -Ii :1.'.\IcO-An-i-;;-:-~;;- -s-'M -;;/~1'--0--1--· 
:\.'.\\~0-'.\L\B ~:n l'l s '.\1 12/16 0 O 

i S-'.\lcO-D.\B 2:0 21 8 :'I! 13/161 0 O 
) 2.:-,r,().,\B '2!•l 33 8 :'If I 5/IG 0 0 
' •!._',\c~)-:\L\B 2kl 21 8 '.\{ H/Hl I 0 0 
i :l.:'-fe(l.J',\B ~:II Ill 8 :M 11/IG I 0' 0 

:f.Jlo.D.\B ~'.l.i 27 !! :'11 15/16 o o 
D.\ll 232 2 :; :'11 II 15/16110 l~\ 

2•• :J.:'ll .. O .. <\B 2:;:; 2.~ R M 11/13 O O 

:. :: \11·0-i\ll ~Iii '~I H I·' 1'7/1!0 0 ott 
.~ 11 '-''I'! I H H I" I ti/ I fi 0 0 t t 
i\,,,,.. ·~11·1 :11 8 F J.i/Jfl U ott 
l>.\11 '21'! 77 
~-J JI ).\1 All ~'l!) 81l 

" 2 G7 mmn\c8/kg of •liet. 

II 
:\! lli/18 
M 0/10 

t Xo. of rats alive at 4 mo/no. stnrled on <liet. 

/j 

0 
12tt 
Ott 

(6 (9 

mo.) n10.) 

1 G 
2 9 
0 .5 
0 0 
0 0 
0 0 
0 () 
0 0 

0 G 

l 7 
0 0 
0 () 

(l 

0 
() 

0 

(11 
mo.) mo.) mo.) mo.} \ 

7 -;·---0--0-- :2: 1--0-
10 l () () I 2 § o 

7 0 0 0 l~ J 
o o o o n J 
0 \) (1 (l () 7 
0 () 0 0 () 11 
() 

0 

7 

I 
·i 
I 

I 
I 

() () 0 0 !) 

0 0 0 0 2 

3 0 (J 0 ·-. 
ott \! :l (1' l tt 
ott 1 0 7tt 
Ott I 1 0 rntt 

o+t I () () 0 :itt 
ott ! 0 u 0 stt 

~ 'r:1e'c ''l"amo11~<-ccll (·ar•:inorntt~. one on the lip and one on the skin of lhc bnek, were fou•1d at 11 mo. 
§ One ba,al-ccll carcino1•1a wa• found at 8 mo., and a squamous-cell cnrcinoam was foun•i at 9 mo. Both were lomtcd on the 

skin of tl1e I.ark. 

# ,\ lw;.,J.cdl c11rcino111a on the skin of lhc linck wns first oh:.crvr<l 11t 11 u10 . 
•• Tl1n<.: groHp~ nr.ronr, follr, and five rals Wt'fC frd lh'J hn,n\ dicl dewril.t·tl in "'.\Tl'lhn.\,," lhc hn•nl di.•L ph~ ·!II Jll_li. of :l­

!flt"'!l1vl-I, i.r1,tphll1orp11P 1 t1H·/kg-. or lite bn...,al di«>l in whieh C"J'llde- ca•:cin wno; ~ttl11litut(·d for vilnrni11.Jow (':t<.;1·n· lor fi ''t't·k~. Tli1~ 
••\1w·:1n,.nt Wa"> "''L lip :11o1 .t r("~nll of tl1P lo:""'''( fo11ro( ."li\t('<'Tl r;:t"'f,.d !~·11wtl1n\,\' . .'\B d11ri11g tli(• 1'1r ... t :t Wt'(•k-... 11f tii<• fir•,t <'~Jwri· 
nier. l, l '·1 1· '1i,j1,1·Liv1• \\ IL"I to fi11d 1nnn• fa \/oral ,}e '"111d1l ioP" for nd111irn"~ 1 .1 l inn ,,f l111• '''Hllf H 11Ji1d. ~lld'(' t lie:(' 11 p;1c•11 r'·d ln h<· 110 1\tf ~ 
fi·r1·r,ri·~ tn l/11• ral" f1·d liw-..1~ ll1r1·1· d11·I·• hv ti wt•1·k40 llw u11i1w1l'i fr11w n.11 1l11·t·f gr11•q111 \~rri· f··d lhe l1J11't11l did 'k<.1crd1t·d in !ht• 
.. ;\f,.! 1,-,,,~" r •• r t '"' r•'l'lllli"l•·r of llic Mf'''l';,,,,. .. 1,d ""ri···I 

ft Tli~-e 1ht11 WNC ol1l•1i114'd 11l II 11111., '"" lllfltl Ill which llic •11rvivinp; rnt~ or J•:,p. :1 ,., .. , •• ~ili1·1l. 

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 

1% level, and 7/23 at the 3% level. 

Terracini and Della Porta (1961) fed hamsters DAB, t:hrice­

weekly stomach tube 10 mg doses for three weeks, 5 mg ~or 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 ~iet for 27 

weeks, then 0.1% 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 (QO). Initially all of these were 

fed to rats, except the 2-quinoline isomer, at 0.03% of a low-protein, 

low-riboflavine diet along with no-dye, 0. 03% and O. 061~ DAB controls. 

The more tumor-active compounds were then given at the O. 01% l•e.vel. 

Results are given in Tables 108 and 109. The number following Q or 

QO refers to the position of the quinoline or quinoline N-oxid.e which 

bears the azo linkage. 
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Table 108 

C:l!cim•gt·uicitic.i of quinCJline dyt:J in relation to D,\B~ 
·---------------·-------- - ·--

Incidcuce of Ii ver tu,nors t 

C-0dc 

Control (no cl:·c) 
DAB t (O.Oti ~;J 
D.\B 
3'-Me-DAB§ 
QO'.'[/ 
Q3~ 
Q03 
Q4. 
Q04. 
Q:J 
Q05 
Q6 
QOG 
Q7 
Q07 
Q8 
QOS 

•Leve! ln dirt. 0 O:i JJ('rNnt un1e"s r.otcd. 
tXurnt,\;r of __ ,~j with temJrs,'n11wb. i ur rats in exprr!:u1cnt. 

Table 109 

0/10 
7/10 
0/10 
5/11 
0/10 
0/10 
0/IO 
5/lO 
8/iO 
9/9 

10/10 
9/<J 

9/10 
0/10 
0/10 
0/10 
0/10 

Comp:uison 
of the carcim,e,c·nidt ir:S of 

quinoline dyu • 

Incidence 
of liver 
t.umorst 

Code (4 months) 

Q5 8/9 
Q05 10/10 
Q6 IO(JO 
Q06 5/10 

•Level In di,•t, 0.01 p,,rcrnt. 
fXumber or r,its with tumors/ 

number or r•t; In rr1:><:rimrnt: 
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O/JO 
\i(lO 
5/JO 

10/1 l 
O/!O 
l/'.O 
0/10 
"1/9 

10/10 

10/10 
0/1 '1 
0/10 
0/10 
0/10 



Page deleted due to copyright clearance difficulty. 
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Deleted due to copyright clearance difficulty. 

Burkhard et al (1962) synthesized 2'-, 31
-, and 4'-methylthio 

DAB, also 4-methylthioazobenzene. These were fed as 0.06% 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 1 -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 th3 pharmacodynamics 

of carcinogenic azo compounds, pointing out that metabolic "activation" 

by the host animal seemed to be required, and interspec~es 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 the·re 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 

0f -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. 

Schmahl et al (1963) found that 233 daily doses of 33 mg/kg 

of DAB, or of 3 mg/kg of diethylnitrosamine (DENA) were sufficiE~nt to 

induce hepatocarcinogenesis in rats. However, on giving these compounds 

together in the diet at the mentioned daily dose, the time to gE~nerate 

the tumors was reduced to 153 days. Although animals fP.d only DENA 

gained much more weight than those fed only DAB in the niet, 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) invesUgated the ability of pre­

administered azo compounds to protect against tumor genesis by 7,12-

dimethylbenz(a)anthracene. A 20 µg dose of Sudan III 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-aryl~zo­

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 III), and the test data in Table 113. The mouse t~xicity 

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 114. The compounds were chromatographically 

pure. 
TAllL1': ll'f. 

lt~::<u1:r~ Ol•' l'.\ISH:<W :-!1<.1s •w H.\'l'i- \'\II l\lll'tl \\ tTll A1.o l>n:;; 

DYE 

'futAL ntto Of ~KIN 1'\1\1.0tl., l~ GkOl'P, ro~t,\lflMl'l M.' \ ·r, "o" lr-.< uu.sn: 
MFAN Tit.ft: M•·As L .. S~oTll ~ - ---- -~ .. --, - - --~- -- - -- - ,. 

~.~~.';,'·7~k~): •» r~:~~:'" I ~:ur 1luct Sli11 ~-~:i~:~t ~~;~~.:'.•- ~~1;;·;;;~~~ \ rn::;·,;~~n.1 1 ~~;:1;'11;~~:,i; ,~:·:·:'.;:', '--·--1 ----- --- -- ___ t~'i ____ th:m~ ------ ---- ---- -~' ,., 
Hat l\l Nono (Co11trol) I t:ll I 11/ti O/ti 
!tat M AAB• !17 12:! O/ti Ii/Ii 

Hat M MAB 44 58 I O/ti ti/ti 
lt:>t l\I DAB 7a \)() ll/li Ii/Ii 
l{:d. l\I 3-l\IPO-AAB 7ti II !l:l I i/li Ii/ti 
H:it i\1 I 3-l\lcO-l\I.\B 28 41 ;I/Ii ll/11 
ll:lt I M I =~-i\lc0-1 >All' -11 I ti2 :v10 H1/10 I 

I 
I SEX 

-- ----------1 

5 4 8 2 

Iii :! 7 18 !) '.l 

2 3 11 4 

3 l 3 5 5 2 

27 2 12 28 13 2 

2 2 10 lG 1 

\I i'I 1·1 
l,lllt•Hl" 

:; 
i 
3 
5 
li 
4 

;\louse 1 F 3-l\leO-!>AB I :io 0/1~0 O/HO I 
l\Io~l:~I;\lc~~~),~-------- _G2 -- 0/1 ~(-) __ <~!~~- --------

• Tnmor types are dPscribcd more fnlly in th<l texl. 
• Ahhreviations: AAB, aminoazolicnr.cnc; MAB, 111ononwt hylamino:1zob(•nY.1•nc; DAB, d1mct hylaminoazohp11zenc; l\IeO-, met ho:-:y 

l(Wll[l. 

, llata from Fare and Orr (4). The n11ml>cr:; of tumors prodil{'Cd arc not comparnlilc with those in the other treatment g;roups 
,i:icc in this particular rase not ::ill tumors wpre cxamin<'d histologirally. 

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 oil solution of technical grade, or 0.4 ml 

of a 1% suspension in normal saline of purified 2',3-dime~hoxy-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 entries in the ~able, 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'DiMeP04. In the last three entries the dimethyl of (dimethyl-

amino) has been replaced by the indicated alkyls. 

Table 115. Rat Hepatocarcinogenesis from 
Alkylaminophenylazopyridine-N-oxides 

Compound code Percent 
Tumor mcidcnce (months) 

in diet 
2 4 5 6 

. 
Control ....•.......................... ... .. .. . . . 0/10 0/10 0/10 0/10 

DAB ...........•.•......•.•....•. 0.06 7/10 9/10 
DAB ......•.••...••••.•...••..••. • 03 0/10 J 5/10 

2'.i\fcPO·L .....••..•....... , ..• , •.•..•. . 03 7/7 I 
2' ,G' DL\IeP0·1. .............•.......... • 03 -1/1 
2' l\1<· l'O·L ......•......•..•..... , .•.••. o·) 10/10 . ~ 
2',G'Di l\1cP04 .•........••....•.•••.•.. . 02 10/ 10 
2' l\Id'O 1. ....•••• , ••• ,,,,,,.,,,,,,.,., • 01 10/10 
2',n'Dil\foP04 ........•.......••....•.. . 01 !J/10 
2,2' Di J\1cP04 ................... , ...•.. I . 03 7/10 10/10 
2',3DiMcP01 ...•...................... • 03 8/8 
P01 ......••....•.•...........•....... • 03 8/10 10/10 
:\kEtP04 ......•............. , ........ • 03 8/8 
DiEtP0·1 .•.•....•....••.••... , ••• , ••.• . . 03 3/10 
DiPrl'04 .•............•••....•........ • 03 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. 

J 6El 

12 

G/1 

lO/l 
0/l. 

0 

0 
0 



TABLJ•: m .. 
('r11e111 ogntic • I clfril res 11.f I' ./fr71 z1111/ll.r y-~ -111rlh y/-4-11111 in flll ZfllJrfl zr1u· ct//ll i.'1'111 I rd ('11111 p1111 ntl.• 

;ld111ini.,/crcd by l1'cprctlc1/ R.C. !njl'l:fwn.< in Ital.• 
E:tch 1111 was i11jcctt'd ;;.r. i11 the ri!-(ht hi1J(l IP~ twice \\Pehly w1tli 0.2 ml of trio!'fa1111i11 i11 11 hid1 

\(',;\ 1·11n1pu11111I had lwe111li,;;;olvf'd or :-;uspp111lcd "ithout lwat im111Pdmt1 ly prior 10 i1>Jl'Ptio11. 

llir 

---- -- __________________ ! _______ ---------~-.:,,,,.1.~1~.~~::f r·---- _______ .. i 
! r~~· .. ~,:I w1·~~,j~,";;,~n rai-,~;:.~l;;~~·~;;~" a. No of r.11• "ilh olhrr 1.'>1·g.iJi-r 
\ M"X \~l X \•,ed .. !!. - -- -- lumo111, ''IUf\11\01-."' 

ComJH.HU\tl Dose 

Expf'ri111p111 1 
X -lk111.o~·lnxy­

:"IIABb 
:\IAl3 

24 X 3.9 mg IO !\1 
10 F 

2-1 X 2.5 mg 10 M 

IO F 

:':-'ollf' (vehicle only) 2-t X 0.2 ml IO M 

' ExpPriment 2 
N -llcniuyloxy­

!lfA B 
MAB 

.I\' -Benzoyl-;\TAB 
N-Hydroxy-AB 
AB • 
DAB-N-oxide 

24 X 3.9 mg 

24 X 2 5 mg 

24 X 3.i mg 
-24 X 2.5 mg 
24 x·2-.3 mg 
24 x 'z.9 mg 

10 F 

20 M 

20 M 

20 M 
20 M 
20 M 
20 M 

DAB 24 X 2.7 111g 20 M 

!'\one (Vl'lii<"lcouly)l 2·1 X 0.2 1111 j 20 M 

("m) (,mo /,.i mo 12 i'"-20 I 
mo. mo. 

----- ----- --

li2 
.J8 
54 

66 

42 

159 

158 

1112 
16i 
157 
l(i(i 

2 
2 
0 

0 

0 

0 

!) 

0 

0 
0 
0 
0 

(i !) 

5 10 
0 0 

0 

0 

0 

20 

0 

0 
0 
0 
0 

0 

0 

0 

20 

0 

0 
0 
0 
0 

!) 

IO 
0 2, carc111oma~ of 

1 iV<'r 
I, <'arC'i1101na of C'ar· 

d11cl l{l.llld 
0 1, ade11oearci11oma 

of mammary 

!-\land 

0 1, sarcoma (distant. 
from i11jcclio11 
sile) 

2Q 

-t, mammary fibro­
adcnom1\ 

0 1, fibroma (distant 
from injC'cl ion 
site). 

0 
0 

01 
I 1, adeno<'arcinoma 

of small intes­
tine 

156 0 0 0 0 

HJ.I I 0 I 0 0 I 0 1, 1mpillo11111 of 1<kinj 

0 
0 
8 

!) 

9 

0 

15 

19 
20 
19 
17 

18 
15 

• Rnts killed tumor-free at the termination of Experiments 1 und 2 ut 20 and 14 months, rcspectiv<>ly. 
•The abbreviations used are: AB, 4-aminuazobenzene; l\IAB, N-methyl-4-arninoa1.Ubenzene; DAB, 

N, l\· -dimethyl-4-aminonzobenzene. 



TABLE 117. 
.S11ri•fr11/ "f l.'als awl Oa11nc111r of '1'11111rir.~ affor i.p. !11jrcliort~ of 'S-11/clhyl-4-1w1ir11111zol11·11zrnl' 

(.1/A fl) or fls :>-IJC11z11ylorf1 ]Jcriv(l/tve info Nron11/al Hals 
------------

! I I - ' ' 

I Tot.d No. 1 J\'"o. alive ' ·U );o. of r,1h wllh ~nJ.~S 
· I I ~o 1\'o_ 0£ sun ivors at 

do~~ (mg) injccl.:<l lat lJ days ~~~<l.ll~~x ---------!-- lUmor!I by l•J mo. 

1

1 _______ 1____ _ 7mo. !Omo. !Jmo. 19mo. 
,---- -- --- ---- --- -------~----

E:qwriml'nt l·• 
.\' -ll1•11zo~ 1-

o>.y-:\IA B 
1.00 46 11 7 M 6 4 4 4 1, l1ilat('1al n·11:1l <'ll!Tl-

l\IAB O.G5 

Corn oil only I 
Experiment 2' 

N-U1•111.oyl- 0.·18 
oxy-:\IAB 

MAB 

'l'rioctanoin 
only 

(}.30 

47 

33 

162 

101 

116 

30 

25 

98 

73 

71 

4 F 

8 J\I6 
8 }t'6 

56M 

42 1" 

40 M 

33 F 

32 M 

39 F 

4 

8 
8 

8 
8 

55 

38 

40 

33 

32 

39 

4 

8 
8 

8 
8 

48 

32 

39 

33 

32 

38 

3 

s 
8 

8 
8 

28 

25 

34 

32 

32 

38 

7 
7 

5 
1 

8 

9 

24 

:;1 

35 

1111m:ts (7 11111.) 
I, 1111iltipl1• papill11111:L'l 

(11rt11ary bladd!'r) (1!1 

mo) 
1, bilat('ral renal rurci-

11oma."< (12 mo.) 
1, 111:1111mary µ;land car­

<'i11111na (l!l 1110.) 

0 
2, 111a111111ar.I' µ;l:rnd adc-

111i11rns (El mo.) 
1, carcinoma iri situ 

(skin) (l!J mo.) 
0 
1, p11lrno11:try a<ll'noma 

(17 mo.) 

3, pa11creal ic ndcnomns 
(l:l--15 mo.) 

2, sarcomas (iuject ion 
site) (J:l aud l~ mo.) 

1, re11al 1·arc111oma (7 
mo.) 

l, basal l'rll rarri110111n 
of lip (l!l mo.) 

I, l'h• ,Ja11gioma (IH 1110.) 
2, mall\mary µ;la11d adc-

11011111s (l!l mo.) 
l, rar·~i11oma of C'ar-duct 

gla11d (l:l mo.) 

l, ch11l:"1gion111 (19 mo.) 
1, lci11myoma (:m1all i11-

tcsli11e) (ID mo.) 
2, cul a111•011s papillomlUI 

(l!I mo.) 
1, malignant lyrnphom:i. 

(14 mo.) 

6, mammary gland ade­
nonms (17-19 mo.) 

1, mammary gland car­
cinoma '(15 mo.) 

1, cholangioma <17 mo.) 
1, 1.mrcoma (foot) (17 

mo.) 
l, cut :rneous papilloma 

(19 mo.) 
I, mammary gland car­

ci 11oma (8 mo.) 
7, nrnmmary gland fihro­

ndP1111IHlL~ (Iii l!l 1110.) 

" J.:111'11 rat wn11 i11jl'l't1·d i.p. with 0.051111of11t1•ril1! corn oil 1tl1111c or co11taini11g 0.2111~: of ,V-hC'11wyloxy­
;\IAB or O.J:l mg of l\!AB within 24 hr nftcr birth :md 011 each of the i;11creNli11g 2 da~·i;; 011 thC' -Ith day 
the rat11 wi>ri> injected with 0.1 ml of the same 11ol11tio1111. 

'Bcrnw«' of tlw poor 1111rvival of tlw r:1t11 which rl'rrivccl i11jcctio1111 of 1\"-hp11J1oylox.1·-:\l.\B i11 this 
prcli111i11ary experiment, only 8 mule und 8 fcmule mis of the :lO 1.1111125 ra111 i11j1·1·tl'<l wi\h :\IAU or corn 
oil were kept at wea11i11g. 

•Each rat was injC'cted i.p. with 0.95 ml of sterile triocta11oi11 alone or co11tni11i111t O.Hl mg of .Y-hcn­
zoyloxy-MAB or 0.10 mg of MAB within 24 hr after birth and on earh of the succet>ding 2 dnys. 
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TABLE llf. 
The Reaction of X-Bcnzoy/o:ry-X-111ethyl--l-amino11zobrnzmc and 

Other Aminoazo Dyes 1ntl1 H1ll'iur. Scr11111 ,\llJ11min• ----
rrotcin-hound dyc1

' 
( .. L.oruonce/SO mg protein) 

Polar fraction N onpo)ar fraction 

N-BC'11r.11yloxy-N-n1C'l hyl-
4-ani i1111nzohe11zc11e 

1. H (5W mp) 0.-10 (507 mp) 

N -:\Icthyl-4-:uhinoazo­
henzenc 

.V ,N-Dimethyl-4-nmino-
hC'nzenc . 

4-Aminoazohen:r.ci\e 
N ,N-Dimethyl-4-arnino-

11zohC'11Zcnc-N-ox1dc 
N llydroxy-4-ami11oazo­

l11•11z1•1u! 
N-l lydrm.y-.V-acetyl-·l­

am i 1111azohe11zcnc 

<0.01 

<0.01 

<0.01 
0.01 

<0.01 

'" 
<0.01 

0.01 

0.01 

0.02 
0.02 

<0.01 

0.01 

•Bovine scrum albumin .(125 mg) ~~as. incubated at pH 7 with 
1.0 mg of S -benzoyloxy-JV-methyl ..:1~~minonzohenzcne or an 
e1111ivalent amo1111t of another dye for 4 hours at 37°C in a nil rogen 
atmosphere. The analytic proce<l11rC' is described in the ;\lat.erials 
an<l :\lctl1ods section. The a1111lysf's for P.aeh of the polar and non. 
polar fractions wl're eorrcc\cd for blank v11!11es of 0.02 whirh were 
oli1ai11<•1l wh<'n ,..num 1llln1111i11 WtlN <'lll"ri<•<I through th1• :;:um~ pro· 

cl'd11n• i11 1lw al1:.;e11e" of any dye. 
•Thu fig11r<•11 i11 pnr<'nthei;eR arc tlw wave lc11gl.hs of 11rn:1.imnm 

ah11orptio11 for the <lye fractionH derived from N-henzoyloxy-N-
1111'1 hyl-4-ami no11zohc11w11c; the corr<'sponding f mctio11s derived 
(ro111 tlw ol lll'r dy1•H 1<lww1•1l 0111.v low al11111rh1111c1•11 nnd (or r.1111-
v••11u•111'<' w•·1·1• 1111•111<111·1•1l 1>t. lh1• w11v1• li•1114th11 t1h11w11. 

TABLE IZ.O. 

Tlic /:fadiort of X-/Jcnzoyloxy-X-111cthyl-4-1iminoazoben2cne 
(~-IJC11zoylu:ry-.ll.llJ) und Olhcr Dru with Various Nu­

clcosidcs• 

lipcri· 
Radionctive 

Dye 
product%,. 

mc:it lf11clcoside (ba-cd on 
:-.o. Jim1ting 

reactant) 

-
l ,V-BC'nzoyloxy-1\!AB Guanosinc-8-"C 2.6 

.:'IIAB Gmmosine-8-"C 0.0 
X -liy<lroxy-4-amino- Gunoosine-8-14C 0.1 

azobcnzcnc 
2 X -Hrnzoyloxy-:'.f AB Guanosinc-8-"C 3.3 

X -B<'nzoyloxy-:\JA B Adenosine-8-HC 0.0 
X-Bl'nzoyloxy-:\IAB Cyti<line-2-"C 0.0 
.\'-Bcnzoyloxy-:\IAB Uri<liue-2-"C 0.0 
N-Rl'nzoyloxy-:\IAB Thymidine-2-14C 0.0 

3 .\' -Bcnzoyloxy-:\IAB Guanosine-8-"C 5.0 
.\'-Bcnzoyloxy-:\IAB G1111nosi11e-8-1H 5.1 

4 .\" -Bcnzoyloxy-:\L\B Guanosinc-8-llC 5.3 
.\' -BC'nzoyloxy-:'II..\B G uanosi ne -8-1H 4.6 

-
• Tiir ini:rcdients listed below in 1.4 nil of 28% ethanol were 

"'"'1li11trd 1111dC'r nitroi;C'n at 37°C for the times indic1ited: Experi­
.... ut I, 0.02 µmole of guanosinc, 0.5 µmole of dye, and 2 µmoles of 
.... 1111111 ritrat<' h11ffcr, pH 7, for 3.5 hours; Experiment 2, 0.01' 
_,,,,,);· o{ n11clrosid1', 0.5 µJllol<' of dye, and 2 µmoles or 11odi11m 
.:ratr h11ikr, pl( i, for 3 lumrs; ExpPrim<'lll~ :i 1111tl 4, 1.7 µmoles 

· f ~·i:1111ioi111•, l µ111ole of liyC', ll1td aµ111ol<•14of 1mdi11111 l'itrr\IC b11IT1•r, 
j JI i, for 20 ho111·i;. 

1 Tl1r 111i111111111n n•11rfio11111 wliirl1 1·011111 Im dr!rrtrol wrro 11110111. 

·•'Iii 111111 o.mi";, fur E~p1•t11111•111,. I nod:!, "''"I"'''' iv1•ly. 

TABLE ilfi, 
The Reaction of X -/Jenznylo.ry-.\' -me/Ii yl-4-11111 i1w"zobrn:r111 

(;:\ -Hcnzoy/o:ry-.11 ,\ /J) u•ith A 11111111 1\ r11/.;" 

Dye 

N-Bcm.oyl­
oxy-;\JAB 

l\IA ll 

Amino acid I «;;, rcaClh.Jfl 
at W nun" 

I Ah-.orpti11n 
ni.l·omu.n .. : 

i ~.ifCr "''l ... L.r 
j j dye (m~ 1 

Tryptophan 
Tyl'Osi11e 
c:y,.,1('inc 
:'lll'lhionine 

1

---------

') 25 !1~.i 

W:Ller-:«1l11hll' dye 
Tol al 3-1111'1 hyl11wr­

r:1plo-;\l:\ B rl'll'a,.,P<l 
A la11i11<', aq.-;i11i111', ll"l'"r-) 

tir· al'id, <"_\'Siii)(', 1d11-1 
ta111ic nC'id, i.:ly1·1111', 
hist id inc, hydro:1.ypro-f 
line, isolC'11ri11C', l1•111'inl', 
ly."inc, ph<•11ylal1111'1111', 

1)roli11(', serine, I h11•0-j 
11i11c, or valiuc 

•r:ryptophan, tyrosinf', 
cyBtcine, or met hio­
nine 

(i .'i I ~l 
G .'i:!:! 

J .4< 

:u1 

<0.7 

0.0 

5JS 

• Tiu~ nmino nci(I (50 µlllolci;). 1.5 µmol<'s or clyc' llllll ... ~x> µIUh~ 

of 1m<li11m 11hm1phal<~ huliPr, pl! i.0, in 2.5111! of :!(I';;, 1•1ha1111l .,.1·1• 
i111'11hatcd in a nitrogen atmosph<·re at a7°C for !lO mi11. l•:x1·1·pt f .. , 
the product forr.ied from methio11i11e, thC' C'xtcnt of reaC'ti1111 "''' 
dctC'nnincd from the amount of watcr-soluhlP. dye whirh r!'111.11111 .J 

after extraction with benzenr.-hcxane. 
b The o/0 rcn1 tion was calculatC'd on thr uss111i1ptio11 tbal tl1· 

pro1l11cts had the samr molar ahsorpl1011 r1>Pili1·i<'11ts as '.:\1:\11 \ 
hh11k C'f]llivnlent to 11 rcartiDn of I;)',',, wa.~ "nh1rarl1•d fr11111 :11' 
vahlC's hai;<•d 011 watPr-,.,ttl11hl<· dy<• \\ 111'11 t lw a111i1111 '"·\d,.. \\<'n· 11 

c11li:1i<'d with N-lu·11-.oylo:-.y-.:'ll.\ll. ,\ hl1111k of O.<I'; 11·11,; 11lil11111•: 
wl11•11 :.IAB w11s i1w11!.at1•d 1111d l':\lrn1·11•d "" dn<o·rd .. ·,J. 

''l'lio• sulfo11i11111 d1·riv11tiv1• forin<'d fr,.111 1111·ll111111in1• i.:1.1d11:ill· 
'<lC'r11111poi;e14 PVCll 1ll. 1u•11trnli1.\' (s1•1• Chari !). ThPr1·t11ri', II,• 
nmo1mt. of 3-m<'t.h: ·lin<'t"ca pl o-'.:\ I.\ II f Drllll'tl "'" 111111111'1 .11,.ly pl•. 
\hl\t. flll"llll'll ll[tl'f \hi' lllhlil Hiil of 11}!.11\i ii< ll \.1•\ l!'l' 1•,;I l\}l,\(O' 11[ ili• 

1•:1:1,.111 of n•111·tio11 li11lll 1111• 11111111wt 111' \\11t1•r ,;11l11l•l<' d.'"· 

Tables 116-120 reprinted with permission 
from ~ancer Research 27(9):1600-13, 1967 
Copyr1ght 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% •+-amino­

azobenzene (AB) caused one peritoneal cavity tumor in 1/32 an~nals. 

At the 0.09% level 3-methox.y 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 indi~ated 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-50% 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-100% 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 t0 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 tn the 

spinal cord, and 29 in the peripheral nerves. The co't'responding 

numbers for the higher dosage group were 28/30, 16, 6, "md 24.. The 

1'(2 



latter group also showed malformations of the paws. Toere 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-~zo 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 0.06% 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 Lhree active 

compounds were fed for 51 days, then removed from the diet for eight 

weeks. At this time the percentage of survivors havin~ 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'-lpyridine-l­

oxide]azo)aniline, designated P04', in addition to the four reported 

on before. These were fed to rats at 0.03 and 0.06% of their low­

protein, low-riboflavine diet along with 2'-methyl P04', 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 Incidences (0.03% level) 

Compound code 
Tumor Incidence (months) 

4 5 6 8 

)),\fl 0/10 5/10 
:!'-:'110P0'1' 10/10 
'.',3-Di:'llcP04' 0/10 0/10 0/10 
2,:1' -Di'.\1cP04' 0/10 0/10 0/10 
:.!',!/-Di'.\lPP04' 0/10 6/10 

2/10 :!,.'i-Di:\lcl'04' 0/10 
~.6-Di'.\lcl'04' 0/10 0/10 
:i'-:\1el'01' 0/10 0/10 0/10 10/lOU> 
3 3'-Di'.11eP04' 0/10 0/10 0/10 
31

15' -DL\!cP04' 0/10 0/10 0/10 

Table 122 

·Tumor Incidences (0.06% level) 

Compound code 
Tumor Incidence (months) 

3 4 5 6 

DAB 7/10 9/10 
2,3-DiMeP04' 0/10 0/10 0/10 10/10 
2,3'·DiMeP04' 0/10 10/10 
2',5'-DiMcP04' 0/10 10/10 
2,5-DiMcP01' 0/10 0/10 10/10 
2,6-DiMcP04' 0/10 0/10 0/10 10/10 
3'-MeP04' 0/10 10/10 
3,3'-DiMcP04' 0/10 10/10 
3',5'-DiMcP04' 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,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, 

tespectively. 

Bebavi et al (1970) prepared some new DAB derivatives, 

substituted in the 3',4' positions and compared them with DAB and 3'-

: ethyl DAB for rat hepatocarcinogenicity after 50- or 365-day force 

feeding. Their results are in Table 124. 

Table 12.11. 
Carcinogenicitief of the DAB'.f 

A. 50 days of dye administration 

DAB 
Percentage of rats with hepatomas 
arter start of dye administration' 

Activity 
R-3' R-4' Dose' 4 mo. 8 mo. 12 mo. rank' 

H,-- Cl- 0.50 50 (50)' 75 100 4 
Cl- CH.- 1.00 0 (10) 0 ( 10)' 0 0 
cl Cl-- 1.00 0 0 0 0 
. 'I,- c,11.- 0.25 0 (15) 15 (15) 40 ( 10) 3 
< ,H,- CH,- 1.00 0 (60) 0 (10) 20 (10) I 
(,II, - c,11.-- 0.50 0 0 0 () 

:.:,11,- H- 0.50 0 (10)1 0 0 () 

H H- 1.00 0 0 20 I 
Cll,·- Clb- 1.00 0 0 0 () 

Cll.- H--- 0.50 10 (50) 50 (30) 60 (20) ~ 

-------------
B. Continuous dye administrahon 

DAB 
Percentage of rats with hepatomas 
after start of dye admim>lral1on6 

Activity 
R-3' R-4' Dose• 4 mo. 6 mo. 7 mo. 8 mo. 12 mo. ran kc 

CH,- Cl- 0.50 40 (60) 100 8 -
Cl-- CH1- 1.00 0 80 (20) 100 2 
Cl Cl-- 1.00 0 40 (30) 100 I 
Cl!,-- C,H,- 0.25 40 (25) 75 100 10 
C,H,-- 01,- 1.00 30 (30) 90 100 4 
c,11,- C,H,- 0.50 17 33 67 5 
C,H,- H-- 0.50 10 20 60 (30) 100 & 
H- H- 1.00 25 (30) 75 (15) 100 3 
CH1- CH,-- 1.00 10 (40) 50 100 7 
Cll, -- H- 0.50 90 100 9 

------- ----~--

'Doses are expre~sed as fraction~ of "I dose-equivalent." which wa'> c4ual to 0.0375 nimole;/ 
day. The daily do>e was administered in 0.5 ml corn oil except for 3'-UI, -, 4'-CI-. 3'-CI--. 4'­
Cll,--, J'.4'-DiCI-, and 3',4'-DiCH,-DAB's which. bccau~e of lower >olub1hly. were :1rlm1n1s­
terc<l 1n I ml. 

' Percentage' arc u~ed becau~e groups varied from 10 to 20 an1mab. Occa~1onally, a nit d1c-d 
following a laparotomy; II was then not included in the percentage~ after that time. 

'/\cllv1l} or carcinogenic rank was ba..ed on the incidence of hcpJloma' and con"dcral1nn of 
the quanl1t) adm1n1;tcred (dose equivalent). The larger the rank number, the greater the car­
cinogenic poh:ncy 

•Percentages of animals wllh livers that were not normal in appearant'c at the time of rer,~lar 
laparotomy but which were not scored as carcinol_\enic. 

'This animal died 2 dd)S after the 2nd laparotomy with a cirrhotic. nodulated liver. hut it wa' 
scored negative. 

1 Thi~ animal dted before 2nd laparotomy; a ey>l w3~ found in liver, ll was scorer) nq;«ll\c. 
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Child et al (1972) reported on the anti-cancer activity of 

some polyhaloazobenzenes in mice. Mammary adenocarcinamas were 

transplanted into mice and allowed to grow for 17 days. Then six daily 

i.p. injections of the test compound were given, folloued 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. 
ruoleu result" obtained with ilose-rrspon•e te•ts compounds 

ndmlnbtercd lntrn[lcrltoneally daily 

Number A"•C'!n Do so of Nwnhrr 
In p-oups of actlv\ty 

Compo:md mg./ki;. tostod anlma!s ratios 

(al 3,3',4,('-t..trnchloro-
O?Oht'll7011<'. __ ••.•• _ ....... 21\() a Tl 4.62 

(b) 3.3'-<\\••h\•lr<>-i.<'-<.H-
tlnoro.uoh11nzNtt1 ____ ... __ !!50 2 18 6.92 

(cl 3,3',lA'-t,·lrnbromo-
aroll1..'n"1'Ui' .. _ •• __ ••• ____ 2~0 a 27 4. 74 

(d) t;hyd10\)' 3.3',4,4'-
trlraddor,, ,,ohnlltt·ne __ 250 3~- 3.40 

(o) 2,2',:•.3'.4.·l'-ho,a-
chlorn \rnlwn·wmL ........ 2:io 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. 

TADLE tzt.. 

Results o! sur<lnl studiM In mice bearing transplanted mammary e.de­
noC11rcI11oma-A<lmiuistr~tlo11 lntr.•pentonc.>Ily onco d.>1ly 

Medlun 

Opt I-
&un·Jval 
'times in 

mally Number Num- days at 
et!ecllvo or bero! optim ... lly 

Compowid 
dose In groups ant- effective 
mg.fkg_ tested mals dose 

3,3' .-4.4 '·tt•t rachloroaz.olH.•11zcne_,. 81 3 90 89 
3,3 '·dichloro-t,4 '-dllluoroazo- 9 2 ISO 38 

bonzcne. 
2,2' ,3,31

14,4.'·lleio.chloroazoben .. 3 1 ao 34 
!l'IH', 

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 ~orking Group on the 

Evaluation of Carcinogenic Risk of Chemicals to Man has been preparing mono-

graphs on the following list (finalized in June 1974--private connnunication) 

of azo compounds. 

Table 127. Azo Compounds Undergoing Evaluatioa by IARC 

C. 1. Acid Orange 
diaminobenienc; 

DYES 

* 10· 1936158 · 1-Naphthalene azo-2' 4'-, l I I ) 

C. I. Food Orange 4 ; Orange G 

. * 
C. I. Acid Or;:mgc 20; 523444 ; p-/l4-hydroxy-l-naphthyl)azo7benzene 

Naphthol Orange; Ora11ge I -suJphonic acid, sodium salt; 

* C.J. Acid Red 2; 493527 o-( LP-(dimethylainino )11he~1y!7az2/benzoic 
acid; Methyl red 

* . 
C.J. Acid J{cd 14, disodjum salt; 3567699 ; C.I. Food Red 3; 

2-('1-Sulpho-l-naphthyJazo)-1-naphthol-4-sulphonic acid, 
clJ sodium salt; Canr1oisine 

C:.T, /\cid l~cd 26, disodjumsalt;' 3761533; 3-Hydro>--'Y-4-(2,4-
xyly<1zo)-·L:,l·-naphtl1ale::·11c <lisulphon.ic acid, disodium salt; 
J'unccau 1'1\; Poncc:m 2R 

* - -· -
c:.I. Acid Hcd 27; 915673; 3-Hydroxy-4-[(4-sulpho-l-naphthyl)azs)-

.z ,7-11::i2J:rhal_,_':1c di~11.JpJ~onic pc~d, tr}s9diur1 salt;. ~aranth 

c. r. l:ii1S i c o~ 'Lf•f.C 

11 rd rochJ_,, cick; 

* 2; 532821 ; 2 ,4-Dj <unincnzobcnzcnc-4-
C. I. Solvent Ora!lgc 3j- ChrysoicUne 

~ 

r:. i. Din,ct J\!11c~ 5~3; 3l~J:,(i : 6,6 1 -/(3,3'-Dimcthyl-4,4'­
!1 , ~ l 1 · ··' \Y 1 '/ ; · , ) ( ·) I> i '.; (; 1., \i) 7t, i :·. L ~- -;1rni110·<, ~:L )'d roxy- J , ·~ -

1
·ii1l1.·111., 1 d1:;11"JpLrJ11j 1 ;1<.icl 1('1Ja ~;c}tlium s;il~/; J\«:111:, BJu~ 

.. 
I. I. 111 ·l'"' I ll I lt'IJ 1

.; /.ti 11!IU!\ ; ~I /(tdlyd111•.)' Ill ltil)'l)11/~1/ 
<·I ;111 I J Id<~ 



* C. I. Food Red 1 disodium salt; 4548532 ; 4-Ilydroxy-3/(5-sulpho-
2, 4-:x)'lyl) az2f- l-napht ha lcnc sulphonic acid, disod i uin salt; 
Ponccau SX; rn + C Red No 4 . 

* - ' C.I. Food Red 6; 3564098; 3-llydroxy-4-L(2,4,S-tr_imcthyJphcnyl) 
az27-2, 7-naphtl1alcncdisulphonic cicid, di sodium salt; PonccJJ 3R 

* -C.I. Food Yellow 3..1 djsodium salt; 2783940 ; 6-HyLlroxy-S-[(p-
sulpl1opl1Cn)'l) azc:./-2-naplithalcncsulphonic acid, disoditm1 salt; 
Sunset Yellow n:F; fD + C Yellow No 6 

. * 
C.l. Food Yellow 6, monosodium salt; 2491761 ; 4'-Chloro-4-

dirnethylaminoazobcnzenc 

* c. I. Pigment ncd 53' bar~UJn S;-1] t; 516002] ; 
hydroxy-1-naphthyl)az?_/-p-tolucnesulphoni__c 
D F~ C l<.cd :t\o 9 

* 

5-Ch1oro-2-/CZ­
acid, baritm1-salt; 

C.I. Solvent Orange 2; 2646115 ; l-(o-Tolylazo)-2-na~ithol; 
OiJ Or(}ngc SS 

.,. 
C. I. Solvent Or;;nrc 7~ 3JlB97ti ; 1-(2.4-xvivlazo)-2-naphthoJ; 

Sudan 11; Uil Ormi:sc XO; :mcl its 2, S-j somcr 8S82:; h 

* -C.J. ~~)-!vent Red lSJ; 6~~6872S; N-Etl1yJ--1Up-(phenybzo)phenyU 
az2 I <>n<iph thy J rnnine; Sud;rn Reel 7B 

* C. J. Seil vent J'.2c1 ·;:s; 8S3C):i 
1l()jJJ'•L:1ul; :;lJ'J_ •) lil 

C.1. ~1.i1n·1,t Ec.t (·1; 8S~Y· ; 
P~i!l~~t}>;J; -~:'"~,,-!:: .. Pr;d 

-; 

c. J. ~~ \~ \'<'!i~ 
l L 11 J ~ ! l ; 

f~1'(1- ~'(); 6:-S'.'1g:,~)8 ; 
Ct~1~J-• I,,~d ~\-..) / 

k 

1 - {(2, S- Dln.ethoxypl ic:nyJ) azg/-2~ 

C.] 4 :. 1~"'·\ .. ·:·11 '/c-J: _ ·: 1; .. 6l1;'":'.i'i , ;)-J\:i1:1ir~:17oLcnzc~nc' 

C.T. ~.1 1 ,cnl Ycltu•.· Z; GCJl7; p-Di1i1vU1yltuni110~1;:c)l)cJ1zcnc; 
Lt: l k r Y C' J l m: 

-J: 

c. T. Solvent YelJo\! 3• 
' 

975C1:~ 
' 

o-Ami noazotol :1cnc 

-; 

c. J. ~ ~) 1 \'(' ~-, t Ye l I'-"·' ~) ; ~) ~j (> 1 ·1 
' 

J -- (J '( 1_·ny1 ;i rn) -2 · 1i:1ph; hy I :un:i ne; 
)' ( J ) (, ,; /\ 11 

-;-

C. l .. ',r,l·,1(·111 YcJl<'.I r>; 1:~1'/'i:·;; 1-(o 'l'olyJ:1zo)-7.-11aph1J1ylw11illf'; 
Ycl !:_._ OB 
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* C. I. Solvent Yellow 7; 1689823 ; 4-Hydroxy:tzobcnzcne 

* C.I. ·Solvent Yellow 14; 842079 ; 1-(Phenylazo)-2-naphthol; 
Sudan I 

Other uses such as pesticides, drugs, etc. 

* Azobenzenc; 103333 ; Diphcnyldimide 

* Diacetylaminoazotoluene; 83636 ; 4-o-Tolylazo-o-diacetotolui<le; 
Dimazon; Pellidole 

* p-Dimethylaminobenzenediazo sodium sulphonate; 140567 

* Elaiomycin; 499489 ; D-threo-mcthoxy-3-(1-octemyl-01\1N-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 

l-bromo-2-naphthol. 

Iwashina (1960) published the following list of a~o compounds and 

their toxicities to earth- and intestinal worms. 

No. 

Table 12tl I The Relative Efficacy of Various Organic Campotunds 

·again!t Earthworm and Animal Parasites in i,i!ro. 

Chemicals 
. Minimum Minimt•m: Minimum 
coocentration conct'nt· concentration ration tm to kill earth· kilt pi~ to kill toad· 
worm• in U wormt; in 
hours ascaris 1n 24 hour. 2·1 hours 

(Formula) 

I;: 4-0,000 I : 20,00W I : 40,000 

I : 80,000 I : 40,000 1 ; 320,000 

I : IW,000 I : 40,00UJ I : 00,000 
-160,000 

Minimum 
concent· 

ration to kill 
Ian :ie of an· 
chvlo•torna 

caninum in 
24 hour< 

I : 40,000 

(I : 5,0001 

(I .. 5,000J 

1 : 80,000 • (I : 5,000) (I : _ 5,000) 

Reprinted with permission from~ 
Yakurigaku Zasshi, 56:1235-48 (1960). 
Copyright by the Japanese Journal of 0 

Pharmacology 
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Table 128. Continued 

NO, 

No.-cS-N~N-·C>-oH. 
I 

:JOI ''qt . ' l : 00,000 • I:: <!I0,000 (I : 5,000J 

; 

NO, ' 
/ 

I 

NO,-Q-N=N-0-0H' 
l 

'12 
(.t.11 : 1 : 160,000 

i 
• t; :!0,000 • 

NO, J 

N01 
I 
; 

303 / I 11 I ~ I : 
ON=N-Q-oH , I 

160,000 (I : 5,000) J.; 2,500) • 
I 

NO, I 
JI» "' ON=N-Q-oH 

1 f 160,000 • r. :. :zo,ooo • 
,,. ,\,11, 

N01 (t) 

:J>S 
NO,-ON=N-0-0H 

l : 320,000 • 1l: 160,000 (1 : 5,U>O) 
! 

, N01 

~ 
. / (1 I.I " 

No.-Q-N=N-Q-oH 
l : 16C',000 (1 : 2,500J !:: 2,300 • 

N01 N01 (t) 

'SJ7 / ·/ 1 : 160,000 I:: 10,000 

No,-\_)-N=N-0-0H • 
r' Ii'' • -·20,000 • 

CH a i 
308 / 

N0,-0-~=N-<-=>-OH 
1 : 160,000 (1 : 2,500J ~:- 5,000) - • 

CH, 
309 "' No.-Q-N=N-Q-oH 

1 ! 00,000 • n == 00,000' (1 : 5,000) 

OH 'I'•).'",, 

310 
No,-\_)-N=N-(j-oH 

1 ; 160,000 (l ; 2,500] -- 2,500) -- . • 

COOH 

311 . . / I 

N0,-0-N=N-0-0H 
(I : 10,000J .. :r ~ 2,500) • 

Cl 
312 . / . ' ,, ' 

NO,-O-N=N-0-011 
I : 160,000 (I : 2,500J : : l60,000 (I : 5,00t) 

Br ! 

313 / I 

No,-Q-N=N-0-011 
I : 160,000 (I : 2,500J ~: iti0,000 (I : 5 ,O'.XJ) 

I en 
3li / I I 320,000 

:: : lti0,000 

N0,-0-N =N-C)-011 
I : 2,500 -·J20,000 (I : 5,0C(lj 

Cl (t) 
31S /-'\, >-NO,-'\, /-N=N- '-._OH 

I : 320,000 I : 2.500 . :: : :JW,000 .(I : 5,000) 
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Table 128. Continued 

Br (t) 

316 /- . " N0,-·0-N=N -Oou 
I {t) 

317 " NO,-C)-N =N-C\-oH 
Br 

/ 
318 NO,-C)-N=N-0-0H 

"Br 

Cl 
/ (t) 

319 NO,o-N=NO-OH 

"Cl 
Cl 

/ (t) 

320 N0,-0-N=N-~~H 

Br 

~ 
321 NO,ON=N-0-0H 

Br 
/ 

322 NO,o-N=N-0-oH 

" Br 

Cl 
/ 

323 NO,-C)-N=N-0-0H 

" Cl 
Cl Cl (t) 

No,~c5-N=N-Q-0H 324 

Cl Cl (t) 
/ / 

N0,-0-N=NO-OH 
325 

Cl Cl 
/ / ' (t) 

NO,-~o-N=N-0-0H " . ' 
326 

Cl . Cl Cl .. 
/ . " (t) 

NO,-Q-N=N-0-0H 327 

. Cl 
....... 

I : 00,000 • I : 320,000 • 

I : 5,000 • I : 160,000 • 

'' ~. 

, ,; .. 
I : 610,V<AJ Lf: .l;:JUJJ (I : 2,500) • 

l : 2,560,000 (I : 2,500) l : 40,000 (I : 5,000l 

I : 640,000 (I : 2,500) I : 80,000 (l : 2,500) 

I : 40,000 I : 80,000 • -80,000 (1 : 5,000J 

l : 320,000 (I : 2,500) I : 40,000 (I : 2,500J 

l : ao,ooo • • • 

l ': 320,000 (I : 2,500) • • 

_l: 320,000 • • • 

l : 2,560,000 • I: 00,000 (I : s,ror 
-160,000 

I 

l : l ,280,000 • l: 160,000 c1 : 5,ro': 
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Table 128. Continued 
Br Br 

r! -~ (t) 
318 N0,-0-N=N-(_/-OH 

" " Br Br 

NO, Cl (t) 
/ / 

3~'9 /-' ,-, 
NO,-, ,-N=N< ;--OH 

_/ _/ 

NO, Cl (t) 

w / " 
NO,-\_)-N=N-Q-.ott 

NO, Br 
/ / 

/"- ~'-331 NO,-"-/-N=N-<,_;-OH 

" 'Br 

Cr NO, (t) 

132 / " 
NO,ON=N../0--0H 

Cl NO, (t) 
333 / / 

N0,-0'-N=N-Q-oH 

CJ NO, 
/ / (t) 

3H No,-<_)-N=N-(_)-oH 

" Cl 

Br 
. / (t) 

m No,-O-N=N-0--0H 

" NO, 

NO, (t) 
l.l6 / 

CION=-N~__)-011 
(t) 

(t) 

(t) 

• 

1: 2,581,<Xp 

I : 160 ,000 

1 : 320,000 

J : 160,000 

I : 6-10,000 

I: 160,000 

I : 2,560,000 

(I : 2,500] (I : 2,500J 

• 

• 

• 

• 

• 

• 

I : &J,OO'l 
--160,000 

I : 80,000 

1: 80,000 

1 : 160,000 

• 

I : 40,000 

1 : 640,000 (1 : 10,000) I : 2,500 

I: 40,000 • (l: 5,000) 

l : 160,000 I : 2,500) l : 40,000 

I : 320,000 (I : 2,500) (I : 2,500] 

I: 40,UOO • • 

I: 320,000 • • 

• 

(I : 5,o-:;· 

(I : 5,000J 

• 

(I : 5,000) 

• 

• 

• 

• 

(I : 2,500J 

• 

• 

• 



Table 128. Continued 

NO, (t) 
I . 

/ 
341 Cl-0-N=N-q-oH I : I ,280,000 • • • 

Br 
N01 

342· / I : 80,000 • (I : 5,000) • CION=N-Q-oH 
Cl 

343 N01-0N=N-O - I ; 2,500 • • • 
OH/ 
NH, 

344 No.ON-N-Q (I ; 5,000) • (I : 10,000) • 
NO, 

345 N01-0-N=N-Q-OcH1 
(I : 2,500) • • • 

346 crON=N-0 (I : 2,500) • • • 

0-N=N-O-N< 
CH1 

347 (I : !,500) • (I : 5,000J • 
CH1 I•.' 

CH1 

3-HI CION=N-0-N< (I ; 

CH1 

2,500) • • • 

CH1 

3-l9 N0,-0-N=N-O-N< (I : 2,500) • • • 
CH1 

350 NO,-o-N-N-6-oH I : 5,000 • • • 
I 

A 

1 ~H·R'0NH·H41 
(t) 

351 I : 80,000 I : 2?0.000 I: 80,000 I : 20,003 

I 

352 
1-fl 

'-.,./-OC,H. I : 5,000 • • (I : 2,:m: 
I 

A 

Br / 
I 

(1 ( 353 /' ./' . ~" 2,500) • • • 
' ' rN=N-"-./-0" 
'VV 

3~ 

)-N=sJO--er ...... 
(I : 2,500) / 'j-OH • • • 

I I 
•/ 
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OH 
I 

183 ()oH 
I 

C,H,1 

. I 
1_/'-.., 

231 y-OH 

,,,... 

128. Continued 

(J : 2,500) • (1 : 5,000) • 

I: 40,000 J : 20,if.1;_, l : 110,000 I : 40,000 
-160,000 -ll0,000 

l: 20,000 • l : 5,000 • 

I : 320,000 (I: 2,5-J:: I : 10,000 (l : 5,000) 

I: 40,000 1 : 5,((Jj l : 20,000 1 : 2,500 

1 : 80,000 I : 40,o:i:. I : 160,000 l : 5,000 

I: 80,000 
-160,000 I : 40,0)) l : '160,000 • I : 20,000 

I : 80,000 l : 40,0X· l : 320,000 1 : 80,000 

" ( 1 : 5,000) =not effective in the dilution of l : 5,000. 
ff • =not tested. 

Jeney and Zsolnai (1964) reported that Ascaris suum, in vitro, was 

susceptible to these dilutions of various 4-amino-azobenzene (AB) deri-

vatives: 1/10000 for AB, 1/5000 for Z',3-dimethylAB·HCl,1/5000 for 2,3'-

dichloroAB·HCl, 1/5000 for 2-aminoAB·HCl(Chrysoidine), 1/10000 for 4'-

chloroAB, and 1/10000 for 4,4'-di-(p-aminophenylazo)biphenyl·2HC1. 

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 

l'IKnvl=a 11>-ma I.mil ri I 
2-Ti dyl-.111>·111.tlllntl 1 ii 
l- l 11lyk110-111alo11111 ii 
·1- I lll)'l-:1/lHll.11011111 ii 
2-( lih >1-phrnyl-all>-111,1 l11n1111l 
3-( ·1i l11r-phL"ny l-:1ll1-111.1 IP11it ri I 
·1-( 'h 11 >1 -!'lic·11yl-:ttll-l ll.l 1111111 rr I 
.J- ll111111-1'lt1:11y l-a111-111,1lll111t1 ll 
·1-J 1ld-pl11·11vl-:1111-111:111 lllll ri I 
·l-1\ct Ill l\.y-pl 1<'t1Yl-:l/1H11.1 l11111t' it 
2·!\kt!J) I- l-h111111-!'lll II) l-.l/ll·ll1.tl1111ill'll 
2-!\ Id \1) \-·l-11 ld-pl1c·11y\-.1111-n1.1h•1111nl 
1-r--.1c1 lt) l-·l-b11>111-J'lll'11yl-.11ll-t11,1 l1>111lnl 
·1-!\kt h) 1-2-bi 1\in-phc nyl-.111 >-m.il1·nil1 ii 
2-ll11 l/11-·l-act hoxy-phl:nyl-.111>-111.1loni1ril 
2, 5- Did 1I<11-phi:nyl-:11l'-ma lo111tnl 
J.5- D 1 bru111-phc ny l-.1111-111.1 lnnilril 
2-l 'h' 1r-4-hn 1111-p I 1c11y l-a111-111.1I1111 it ri 1 
.1-Cl1< 1r--l-bru111-pl1cny J-a1< i-1n.1 l1111it ri I 
2-i\I c: hy 1-4.<1-d 1 brnm-phc·n) l-.111l-mal1111it ri I 
2-( 'hlo1-4,(1-d1bro111-11hcnyl-.11"-111a ii1nitnl 
3-C 'h lnr .. J ,(1-d 1 brom-ph.:ny l-.111•-ma101111 ril 
·l-Cl1l11r-2.C>-d1tm1111-pl1.:11yl-.1111-m.ll<1n1tril 
2,t.(i-T11b111m-phcn) l-.110-111al11111lril 
2-N1tr1>-pl1L"nyl-aw-mat«1111tril 
1-1'< 1lrc1-p!11·11yl-:wi-n1a Jun it nl 
4- N1tro-phL'11yl-azo-111aloni1t 1I 
2-1\ I cthyl-4-1111 ro-phcnyl-.110-malonitril 
3- !\I t:t h y 1-4-n i l rn-]'hcny 1-~L<)-rnaloni 1 ri I 
•t-:-- 1 <:I hyl-2-n 11n1-ph.:ny l-:1111-mal<'nitril 
~-N 11 ro-4-:it"t IH\\y-phc nyl-:110-ma lonitril 
2-<. '11 lc•r-·l-n11ro-phcny l-.1zo-malonitril 
J-C'h l11r- l-n 11 w-phcnyl-.110-malon1tril 
4-CI 1I,ir-2-n1Lro-phcnv1-,17< \-Illa lt>nil ri I 
I' J tc ny l-.1w-ma Io 1111n1-4-k a rbon':.i u rc-ac:thy 1-eo;tcr 
l-N.1phtyl-Jw-mall)llitril 
4-Urom-J -11,1phtyl-azo-malonitril 

!\If l.lX'O 
M/ 2,500 
M/ 2 .. ~tlO 
M/ 2. ~()(l 
'lvl / I • LOO 
M/ 5,000 
M/ ~.OIX) 
1\1/ 5,000 
M/ 5,0:lO 
Ml 1,000 
1\1/ \(),)() 
1\1/IU,IKIO 
r--.1110.om 
l\t/ I ,000 
M/ 1,()()() 
1\1/ 2,500 
M/10,()(Xl 
M/10,000 
Mil() OO'l 
Ml 2:500 
M/IO.(XXl 
M/ 5,!XXl 
M/ 2,5'Xl 
M/ 5,000 
M/ 1,000 
M/ 5,000 
M/l0,000 
M/10,000 
M/l0,000 
M/10,000 
Mi 1,000 
M/10,000 
M/10,000 
M/10,000 
M/ 2,500 
M/ 2,500 
M/10,000 

Reprinted with per­
mission from Biochem. 
Pharmacol. 3:285-318 
(1964). Copyright by 
Pergamon Press Ltd. 

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-1-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 

2e7 



a treatment for g.i. tract worms in mono- and polygastric animals. 

Fahmy and Fahmy (1972) injected male mosquitos, about one clay old, 

with ~ the LD-30 of various 4-methylaminoazobenzenes and DAB. The 

males were then allowed to mate with virgin females. Results are in 

Tables 130, 131, 132, 133, and 134. 

TABLE t~O. 

GENERAL MUTAGENIC ACTIVITIES OF DAB AND ANALOGOUS SUBSTITUT.!D DERIVATIV,ES 
AS INDICATED BY THE YIELD OF X-CHROMOSOME MUTATIONS: RF.CE~SIVE LETHALS 

ANO VISIBLES IN ALL STAGES OF THE TESTIS 

Dose Chromosomes rvtut:illons 
Compounds 

rnM !e>Ud lc!lwls v1siblcs 

C•nlrols 1 . ~707 6(1) I 2 
0\B !O 2070 S(I) 3 

20 986 2(1) l 
3'.\lc-DAB 10 1714 2 0 
.1'-0\lc-DAB 10 ISSS 4 0 

20 1509 4(1) 0 
N-B!O.MA9 10 1706 10(3) 1(1) 
A'-CJ Et· MAB lO(a) 2036 4(2) 5(l) 

%'-coo11.2-Mc-N-
lO(b) 1337 s 2(:) 

C!Et·l\IAB .. 1 1614 13(1) 7 
s 2312 17(1) 0 

1 
\f •le\ in1c~tcJ wuh the .aJm1n1 .. tr.u1on vehicle only· :•; (v/v) dimcthylform.unlJ.c (DMF) in ar..tchb oil. 1 
'urnhcr of mO't.JU; (pJtllJJ 11">\U\.') mutJnb ..1re t'nJ&:r~d tn f\.lrenlhc-.C'.S, 

• \tu1.1t1on frc~ucncy 111 sp<rmJtugon1.al ilJ.K..:i \IJ.1~ ~-l±l.2 per 10'. 

Total: per 10' 

2.2±0.8 

3.6± 1.1 • 

1.2±0.8 

2.4±0.8 

6.4± 1.9 

4.7 ±1.2 

9.4± 1.5 

TABLE 1'31. -------- . .___ 

SPECIFIC MUYAGENIC ACTIVITIES OF DAB AND ANALOGOUS SUBSTITUTED DFRNATIVES ON Tiil 
BOBBED (bb) AND MINUTE (M) LOCI 

Phcnotypic (bb +/If) Tra~mittcd />b G<metcs 
Tran:§.m1ttcJ ,\f 

Dose Gametes Compounds mM observed No. prr 10' No. per 10' ot-scrvcd No. per 10' 

Controls 1 108202 147(S) • l.4±0.11 42(1) 0.4±0.06 207053 17(2) 0.08. oo: 
DAB 10 41973 l 12(6) 2.7±0.S &HI) 1.5 ±0.2 81926 5 0 06 · 0 Ol 
3'-Me-DAB 10 14894 39(5) 2.6::::0.4 12(1) 0.8±0.2 28985 1 om : o 0.1 
J'.CIMe-DAB 10 21749 45(3) 2.1 ±0.3 2 0.1 ±0.l 41658 9 0.22: o~ 
N-BzO..l\·fAB JO 19629 83(1) 4.2±0.S d9(l) 2.5-'...0.4 3l677 .i(l) 0.11 . 0.0~ 
N-CIEt-MAB 10 34310 53(3) J.S±0.2 19 0.6±.0.I 34310 I 0.03 .:0 OJ . 
2'~00H-2-Mc-N-

6 10737 1(1) Cl Et-MAB .. l SS91 10(2) 
1.6±0.4 0.9±0.3 0.13 .: 0.07 s 6563 10(4) s 12427 2 

•and• Su roocnotc 10Table130. 

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 DERIVATlvES WITH RESPECT 
TO THE MINUTES AND X-CHROMOSOME RECESSIVE VISIBLES AS DETECTED BY THE 

ATTACllED-X TECH NI QUE 

Dose Gametes X--c:hromosome .~UW/fJ 
Compounds 

mM tested vu1bles No. per 10' 

Controls' .S.S44ll I 3 7(11)' 0.7 _::0.1 
DAB 20 16739 3(1) 9(2) 0.5 ;-0 2 
3'-CIMe-DAB 20 19989 I( I) 9(2J O . .S - 0 Z 
N-IlzO-MAB JO 14743 4 97(5) 66·07 
N-CIEt-MAB JO 17095 0 40(2) 2.J . o-i' 

•and 'See footnorc lo Table 13C. 
• M11t.111on frcqu•·ncy in srerm•1ocy11c staaos was 4.J ± 1.4 per 101• 

TABLE 13J, 

THE EFFECT OF TI-IE CELL STAGE DURING SPERMATOGENESIS ON THE YIELD OF 
DIFFERENT MUTATIONAL CLASSES WITH DAii AND ANALOGOUS SUBSTITUTED DERIVATIVES 

Ma:utnal mutJ~cn1c respon\C 

Compounds Mul.lllional Progieny Peak. mur..ib1luy relauvir to me.an' 
fWtCtion 

~phns M~in Rat10 p 
diys c.ell stzce l 

DAB X-mutations I 1-21 Sperm:itogonia 1.4 0.7 0.2 
bobbed 0-3 Sperm 2.1 3.3 {"~ 10-> 

3'-Me-DAB bobbed 0-3 Sperm 1.4 o.s 0.3 

N-BzO-MAB X-mutations 4-6 Spcrmatids 1.6 0.7 02 
bobbed 0-3 Sperm ;__7 4.8 10. 
Minutes 4-6 Spermatids l.l 0.7 0.2 

N-Cl.Et-MAB X-mutations 7-10 Spermatocytes 1.5 0.6 0 J 
bobbed 0-3 Sperm 3.8 4.3 10-• 
11-finutes 7-10 Spermatocytes 1.9 1.8 oo-i 

2'-COOH-2-Mc·N-
C!Et-MAB X-mutations 4+i Spcrrna I ids l.S 1.0 02 

bobbed 4+5 Spermatids 2.0 1.2 0 I 

• SJsed on x·comb1nation tt-..f\ from x• four.fold contingency tables. "here the mutarion frcque-nc1C'~ in the m..111ng pcr1od., "''1"° 1'"' 
b1Khc~l yield-, (tlcri\i:d from lhc nlO\l re\pon~1ve cells) were compared ""'llh 1hc u1rrc~ponlt111a: O\'crJH \'JlUC'S for 1he •hok rH'•c• 
"preun11n1 the mean respt1nse of all s1.11ics of the tC!>lis. 

TABLE I~'{. 

SELECTIVITY FOR THE r-RNA LOCI WITH DAB ANO ANALOGOUS SUBSTITUTED DERIVATIVES AS 
l~DICATED BY THE RELATIVE I!'IDUCTION OF BOBBED (bb) AND OTHER X-CHROMOSOME MUTATIONS: 

RECESSIVE LETHALS AND VISIDLES; X-(/+r) 

Induced mutatiom •:per 101 Induced bb rel.1t1\ie 10 other X·mutauons 
Compouncio 

X-<t+•) bb Gametes X-(I+•) I bb Rauos: 
bb/X-{1-+ •) 

0-\B 1.4± 1.3 I.I ±0.2 41 973 59 47 0. 797 ±0.052 
l'.~lc·D~~ : 0.0 0.4±0.2 14 894 0 (3.7). 6(13.1) 1 (3.541) 
N.BzO-MAB 4.2±2.1 2.1 ±0.4 19 629 82 41 0.500±0.055 
N-CIEt·MAB 2 . .5±1.4 0.2±0.l 34 310 86 s 0.0.58 ±0.024 2' • • 

-COO!i-2-Mc-N-
CIEt-MAB .. 7.2 .l: 1.7 0.5±0.3 12 154 88 6 0.068 :.!:: 0.026 

"":V: 
1 

The 1nJuc~d (r~1lt~nc1~1 for Ike v.ar10~1' rf\llLlt1on.JI cf.t'l\.l!t ~~re c..1kub1eJ as the weiiiht<J rnc.1ns or the Ob\crvcJ \l..tluri from u.11 
• 

1'"'< 1
•1 :.. ""11h the ·.1mc compournJ .arccr the \Uf1tr.ai:r1••n 01 the i:ot1.:"1o~onJ.nr: ~1.:nurol co111r1bu1mn~. b111cJ on Tabin I 11n"1 JI. 

: [.\'lfJl..i.!cJ on th<: b.l"I, ot the Jo.\ffi('IC 'U/C ot. >CncJ for the bb•a 0u1J fhC UM.Jt.l~t:J X~mUl.ltlOM trc:qucncy. 
lJppcr l1m1u o( Che Po1~wn c•pc\..t"'11ont .u P ... 0 0.!S. 
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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. In 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,S,S'-tribromo-2,2'­

dihydroxy-1/20000, 3,S,S'-trichloro-2,2'-dihydroxy-1/160000, 3,S,S'-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 1 -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'­

sulfonamido-, 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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Fun&us 
Candida albic.'.l1os 
Cryptoc..1ccus rut-.:r 
Sac.:hdromvces cere' i,i;;e 
Tnchophyton g: pc,eum 
F.piderm0rhy111n 

Kaufman-\'. olf! 
Ach.,ric~n (1iJ.1.:~ -.~:: ..:.-r: 
Trichot hc:c1t1f:' r,ht _;:-, 
Penicil!Jum J .. ,_,n,::.:':1 
Pernc.ll1urn 

s~:-::plicbs.1mLlr1 
Asrcrgilll!S 01\CUS 

Asperg1llus ek;3r:, 
A~~rg1llus nic:·:­
Actln~ .nw.:0r ri.. r-e~:­
BC'tl'11s cmcrca 
Fusariu:n O'-~ ';:v·ru:n 
Fusanurn so1Jr.1 

:a·:; le i -.( c. 
_,. ,..,. ~~ 

Azc, 8::impounds .!l.S FUngistats 
--------

2-Chlor- 3-Chlor- 4-Chlor- 4-Brom- 4-Jod- ~-Aetho\.y-
Ph.:ml- 2-Tcl~ I- 3-folyl- 4-Tolyl- : phenyl- , phenyl- : phenyl- phenyl- phenyl- phen)l-

azo-m~lo- azo-malo- azo-malo-' a?o-malo-1 aJo-malo- azo-malo-'. azo-malo- azo-malo- azo-malo- az,1-mc.lo-
nan! nitnl nitnl nitnl ! nitril ' nitnl i nitril nitril nitril nitril 

F :.::JI F 2202 F/2203 F/2204 f,'2205 F/2106 : F/2207 F/2208 F/1209 F'2210 
' -------------~------------- -

' I 

\\ ~ ~ 111 '1 : ~. t ·1 \\' 2'll0 -- ~l 5.()(f'.) : 1\1110.00'.l M I 0.000 M 10.000 ~ti l.000 
\ ~ ~ C•)_. ' . : ; ,._,') \t ::,000 M; 5,00Q \1 S G-JG ' \1!25.000 i l\1150,000 •vi 50.000 ".1 25.000 
\l 2.'W \l 5.000 !\I/ 2,500 - l\1 1 2,500 . !\!/ 5,000 I M/10,000 I M !0.000 Ml 1.000 
'l 2S.\;-Xl · 1\1 25.000 M/25.000 M/25,000 , l\1.25,000 , M,'25.000 I M /25.000 i l\1,'25.000 . M/50.000 ' M '25,000 

\' :' 1 •.•0 >., • <' '")'c t-.. ~ ,1.ooc M 50 000 '1 50 O')~i l\1 '50 (\)(, l\l '50.00() f\1 ~,__-I 00(1 "-1 5(' ()(() .\1 •.\((\.,,) 

'' "' ' : - .,: ~ ..... ': , ·•UO ~\ 1 : -~ (.11=!:: \ i :'.:- ')d'r' .'-1 :52 ,OC'(] !\1 '50 tYXl '1 .::;-~ ,, '{\ \ 1 .5.-, t))() \~ l .{)\)fl 

\'. [\ L")_1 ,. -'Ci r._1 '. - ,\ ..... .'=\ \1 '10.Ci.:r:, ·' ! 1 ~ c,.._~~j \l '25.0'>0 ' \1 ·25 CYYJ 1\ 1 ::5 r)!_>. I ~1 2' uoo \l ::.w} " '" \~ : . ..:; ~J \,.: : IJ.)~ ,, 5,0«)0 -- !\1 : )i.fJ M/ 5.(100 ".1 '10 000 \1 l ~;_(iJV 

\! 'V~ \1 SWJ ,\1• J;OO M. i,OUO M 2,50.) M, 10.000 l..\,'!0.000 M , .000 !'--1 '25.000 
\.I :<~~ '. ~ :oo \1 .~00 - l\1 2.500 ' ~1, 10.000 \J, i0,000 1\' , (}\JO !\! :s.ooo •! , -,. -::_.r) \: ' ()(I,) ''1' '00 ' - - M,' 5/100' ".1" 5,0\"k} M' ,QOr) -,. ."<•J '.. ~ :: ~!)iJ \l . 'clO I '-, f I 2,500 l\1' 2.5(\Q M '10.000 ' l\1 '25.0.JO M ·:: .ono \11 5.CX.lO ".f 5.000 
\! ' \• l U(.hJ \i •1)() - 1\1 2. 500 !11/ 5.000 1\1, 10 00-) 
'\ ~ . :J<.1 .. ~.)00 \l ,)00 - :--1' 2,500 !'1/ 5,000 i ~1,'J0,000 " \f . '("'l \l ~' ~[1') \1 ~00 - lv1' 2.:;00 l\1/ 5.000 M 'J0,000 
\j .51..1>J \l 2 <C_J(j \L .500' - \l; 2.500 MI 5,000 ' M/ 5,000 

2-Mcthyl-
4-orom­

phcn)l­
azo-malo­

nitril 
F/2211 

\1 5.000 
M 5.000 
\1 5.000 
\1 2~.000 

\1 ::: (1',){) 

\~:'.5CJJO 
\1 :." 11(10 

\1 lV,000 

\1 5.()1)0 
~1 2 ::oo 
I>! I.UOO 
.\ j ·". 0()(} 
\l 5.vvo 

\j 2.500 
\1- 1.500 
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, Table 135. Continued , 1 I . I ! I j ' i 
2-\fethyl- 3-l\fethyl- 4-l\1ethyl- : 2-Brom- · :!,5-Di- 3,5-Di- , 2-Chlor- I 3-Chlor- 2-!\1cthyl- , 2-Chlor- 3-Chlo~-

4-j->d- 4-brom- , 2-brom- j 4-arthoxy-J chlor- : br,1111- 4-brom- . 4-brom 4.6-di- : 4.6-Lli- 4.6-di-
ph~n) 1- phen) I- , phenyl- ; phenyl- : phenyl· I phen) I- ! phenyl- : phen) I- brom- ; brom- bro:n-

azo-mc.lo- azo-malo- azo-malo- · azo-malo- 1 azo-malo- ! azo-malo- , azo-m;;lo- : azo-malo- . phen:-1- • phen:- 1- phen:-1-
rutnl nitr1l rntnl ' mtnl nitnJ ! nitril '! rntnl nitnl : az0-malo- : azo-malo- · az<1-m:;.lo-

. nitnl nitnl nitril 
F2212 F 2213 F/2214 i F/2215 F.'2216 F/2217 J F/2218 F/2219 F 2~20 ; F;2221 F'.2.222 

I 

M 50.0(K) M.•50.000 M1:!5,000 I Jl,f/25,000 ' 1\1/50,000 M150,000 I M/50,000 M;50,000 ~ M;S0,000 I M,50,00) 
' l - j < 

!\! 50.000 M 50.000 \1,25.000 · M/25,000 M,50,000 M:S0,000 · J\1150,000 · !\! 50.000, !\f,50.000, J\1150.003 
!\I so.00.1 !\! 50.C'I)() !I.I :2s.ooo I M/25,ooo · M ·so,ooo M/50.000 M/50,000 : !\1;50.000 !\f.'50.000 I M so.ooo 

I ' . : , I 

;\f 5.000 
\I 5.QtlO 
\1 !0.("..•J 
\I 5.C(() 

\I 5 C•:t) 
'.\! 5.(•)J 
'.\! 5.C"-)) 
'.\1 2 . .'lY) 
\f 2.500 

\I' 5.000 , !\1/ VOO i M/ I 000 M; 5.000 · !\1,25.000 ~ M/10,000 :'-f.10.000 . \Ii 2.500 , M · 2,500 
!\1 5.000' \112.500, M/ 1,000 · !\1' 5.000 !\ltl0.000 ! !\!' 5.000 M' 5.000 \1' 2.500 ! M 1.000 
\I 10.000 \!.10.000 M/ 5.000 M 10.000 \1 ·25.000 I !\1:25.000 JI.! 25.000 \I 10.000 · !\I 10.003 
\1 10.000 \!.' 5 000 M/ 2,500 , :0-.1 ~.000 !\I 10.000 M 10,000 \1 10.000 !\I 5.000 : !\I 2,500 
\I 5.000 \l· 2.500 I Ml 1.000. M 5.000 !\I' 5.000. M• 5.000 !\! 5.000 \I 2 500' \1 1.0UO 
\! 5.000 \I' 2.500 ' MI 1.000 . :\I 5.000 !\1, 5.000 M, 5.000 \I 5.000 \I :: 500 '.\! l.01JO 
"' 5.ooo \I 2,soo Mt 1,000 M 5.ooo !\1· s.ooo M, 10.000 'I 5 ooo \I ::.:oo 1 \! 1.000 
\I ::.500 \1' I.COO I -- !\I 2.500 \1. 2.500 M,1 2 '00 ,\I 2.5CO \I 2.500 ' \! I.CY.JO 
!\I' 2.500 '1' 1,000 I - : M, 2,500 .\If 2,500 M,' 2., 00 !\I, 2.500 \I 2 500 i \I 1,000 

\I 50 000 

\I .50.(V)) 
\!. :'0,(,(•J 

\I .5 000 
\1 :: . .:Cl) 
\I 10.0•)) 
\I ::.5(X) 
\I ::.5:)J 
\I ),(•,(! 

\I 2. '(•) 
\I L :>:•j 
\I I.CW 

!\f 2.500 \1.' 5,000 : - \1 5.000 - M/10.000 l\1 5.000 500 : \I. 2,500 
\1' 5.000 · \11 5.000 · - · M 10.000 !\1 10.000 M.'10.000 !\1 10.000 " " 000 \1 10.00'.) 

Candida albicans , \I 2.500 \: 5.0),) 
\l .5.l))) 
\f 5,C•:OJ 
\1 ~0.(('() 

Cryptoccccus ruber ' \! 5.i)JJ 
Saccharcmyccs D!re,·i;;iae \! 2.500 
TrichoJ'hyton gypseum ! '.\1 10,0CO 

\1 1.000 '\1' 5.000 i -- . !\1 5.000 \I, 1,000 Mil0,~00 \I 10.000 '-1 2 500' \I :'.'.{)() 
!\1 50.00J \1, 25.000 : M/50,000 . \1 50.000 \1 50.000 M;50.000 !\1 50.0\.)() !\I 25.000 \1 25.000 

Epidermoph)10n · 
Kaufman-\\\,lff 

Achonc•n qumckearn .. :n 
Trich01hec1um rosc1,.;m 
Penic1llium javo.ni..:1.m 
Penicillium 

simpl1cissimum 
Aspergillus ni,eus 
Asperg11lus elegans 
Asperg1iius rnger 
Actinc•mucor repens 
Botryus cinerea 
Fusarium oxysporum 
Fusarium solani 

\I 10 OOJ \! 50.000 
'1 25.~v \I 50.000 

: \I 25.0CO ;..1 :'5.000 
\I 5.())J ;..1 5.000 

\I 2.500 \1 5.000 
• \I 2,500 '.\I 5,000 

:-0.i ::.500 !'.i 5.000 

I 

\I 25,000 : M;50,000 
\1 25.0(10 . \1 •50.000 
\1 25.000 M;50/l00 
!\1 5,000 -

\1 f 2.500 
\1 2,500 
M,' 1.000 
I\i,: 2,500 -
!\{ 1,000 <Ml 1,000) 

- 1 (M/1,000) 
- I (M/ 1.000) 

(l\1, 1.000)! -· 
i 

:0-.1 50.000 
:'\1 50.000 
\I 50.000 
]1.1 5.000 

M 10.000 
\I 2.500 
M 1,000 
\j 10.000 
M 2.500 
M 1.000 
M 1.000 
\1 2.500 

\I 50.000 M 50,000 
\1 50.000 M 50.000 
\I 50.000 ' M 2''.000 
:-.1 10.000 ; r.1 10.000 

Md0.000: l\l'I0.000 
M 110,000 '. 1\1 10,000 

~!·' !,~ I ~!·: ~-~~ 
.'\'l, J,VVV ! !\'ll ~,WV 

M' 2,SOO 
M· 1.000 
M1 1,000 

: M 1.000 

\I 50.0<:0 \! 25.000 
\I 50 ())J \I ::' 000 
\I 25.000 \I 25 000 
\! !0.0(IC \I :'.000 

\I JO 000 \I 5 (\()() 
\I 10.0CO \I 5.000 
\1 ::.:oo \I l.000 
f.i i0.000 ~i 5.VJO 

\1 1.0(10 
\I 1.000 
\I 1.000 
\I l.OOtl 

\1 25.000 
\1 25.000 
\I .'.5.0-Xl 
\I :<.000 

\I 5 000 
\1 2.500 
\! 1.000 
'.'-i 5.000 
!\I 5.000 
\1 2.500 ,, 2.500 
\1 '.000 

\! 50 CO:•) 
\I :<•J '":•) 
\I 25.l))() 
\I 10.C>.)) 

\! IO.OX> 
;..1 5.0..)J 
\I 1.0)) 
\j 5.000 
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Table 135. Continued -·------- .. _ 
I I I ' , '1 

1 4-Chlor- 2,4,6- , 2-Nitro- I 3-Nitro- I 4-Nnro- 2-\!erhyl- , 3-Methyl- . 4-\leth} 1- 2-~nro- ' 2-Chll,r- ; 3-Chl0r-
. 2-6-<li- Tr;brc1m- phenyl- phenyl- I phenyl- 4-mtro- , 4-nnro- ' 2-n:m:o- +ae:ho,:- 4-nitro- : +n:tro-

brom- phen: 1- . a:zo-malo-1 azo-malo-

1 

azo-malo- phen:r 1- phen) 1- : phen~ 1- phen: 1- phen) 1- i phen: 1-
phenyl- azo-malo- ' mtril I nitnl nitnl 1 azc>-malo- azo-malo- , azo-malo- azo-malo- azo-malo- 'i d.Zo-mal0-

azo-mal<'- mml mml ' mtnl 1 nnnl · mtnl nitril nnnl 
nitril i • I 

F .,..,,. F 1''' F'"'"25 F/22"6 \ F""''7 F'2218 F2""9 F1"'"0 F?1"J Fn31 I F"'"'" .--.> i----t ' ,__ - .--- I I - ' / -- __ J I .--~ I -- - ---'~ 

I I : I I i I 
' ' 
I ' 

M SO,<XX> \1 50.000 '. M/I0,000 .

1

. M/10,000 M/10,000 , M, 10.000 i M/10,000 i M.10,000 \i'I0.000 \1 10.000 ; \1 50.()(X) 

M ~.000 \1 ~0.000 • M/I0,000 M/10,000 M/10,000 i \1!10,000 · M/10,000 i M _10.000 · \f"J0,000 \110.000 \ \1 ~~·°'?') 
\f 5-0,000 M _0,000 \l;I0,000 I M/10,000 M,10.000 M,I0,000: M;!0,000 I M,10.000: M,10,000 M 10,000: \1 _,,()00 . . i I ; ' I 

~ M 2,500 \f 2.500 !\!/ 5,000 IM/ 5,000 M.' 5.000 - . M/ 1.000 · M' 2.500 \1; 1.000 M: 2.500: \1· 5.000 
\I 2.500 \1' 2.500 IM,' 5,000 IM/ 2,500' 1\1,' 2.500. - ; M/ 1,000; M 2.500 \1' 1.000 - . \I 2.500 
\f 5.000 \1 5.000 \I 25,000 M/10,000 I M 10.000 \1/ 5.000 MI 5.000 !vi 5.000 \1 2,500 . \1' 2,500 ' \1 10.())J 
\1 2.~00 \1 2.500' M. 10,000. M/ 2,500' M, 2.~00 I M/ 1,000 M/ 1,000 \I 2.500 \I 1.000 \I 1,000' \I 2.5C•J 
M 1,000 \1.' 1.000 M,' 5.000 Mf 2,500 ! M' 1,000 - I - • ~t· 2.500 \l· 1.000 - \1 2.'0) 
M I,000 \1/ 1.000: M/ 5,000 M/ 2,500 I Ml 1,000 - : - \1 2.500 \!' 1,000 -- .'-I 2.5~·) 
M 2.500 \1' J.Ol)() I M/ 5,000 M/ 2,500 i M/ 1,000 - - M 1,000 M 1.000 ' - \t 2.500 
~f- l.CAAl \I 1.000 - - - - - - - - \I 1.C(•J 
M_' 1,000 '" '()()(); - - I - - - - - - \1 1,0C•J 

I 
Candida all>icarts IM' 2.500 -..· :_.:00 M/ 1,000 • - I - • M.' 2,500: M/ 1,000 M 2.500 
Cryptococcusnlber j M 5.0C>J \· .00\Xl 1\1 1' 5,000' M/ 1,000 IM,' 1,000 M1 2,500 '\t' J,000 \I 5JXJO 
Sacc:haromyces CC'r•!\isiac, \f 2,500 \I ~ :00 \1 1 I,000 i - I - i \f/ 2.500 · M/ l.OOQ \I 2.500 
Trichophyton gyps•!um \ M 25,roJ M i.5C-OO , M/25,000 j M/10,000 • M,' 5.000 j M 25,000 M '25,000 M 50.000 \f 25,000 
Epidcnnophyt11n I ; : · 

Kaufman-Wolff · \f 25.000 !\I 25 000 \I '25,000 !\I 110,000 !\1'10.000 \1 '25,000 

\1, 2 "00 ' \l 1 ff.) 
~I 2:500 \1 : ~.:•J 
\1' 2,500 \I l C•:•} 
\1 50,000 \1 50.()o)J 

Achorion quinckeanum , !\1 251W..I M 2:- 000 \I ·25,000 , Mi!0,000 M/ 5,000 \I 25.000 
Tnchothecium r,iseum ' .'of '!5,0l'J '.\! :!: 000 1 \!.25,000

1 

'. M/:O,OCO M, l<i,000 \-! !0.000 
P.:mcil!1um jav.micum I \I 2,5-00 \I ~.000 : \I/ 5.000 -- , - . \!.' 1,000 
Penicillium 1 , : ' • 

simpl1cissimum 1 \t 2,5-00 \l · 2.500 \I/ 5,000 1

1 

-- ; M · J .000 \11 2,500 
A>perg1llus r.neus !\f 2.500 !\I 2.500' -- - : Mi 1.000 \I' 1,000 · 
Aspergillus elegans \I 1,<»J \I 1.000 - i - I M' 1,000 \I 1.000 
Asi>ergdlus niger . !I.I 5.000 \I 5.000 -- , M/ 1,000 · M,' 1,000, \1,' J,000, 
Act:nomucor repens !\! 2.500 \I 1.000 \11 1,000' 
Bo1rytis cmerea · !\I ).()}() \I 1.00'1 \1 2,500 ' 1\1/ l ,000 '1,' l.000 

\1 50.000 
M150.000 
\1,'10,00\J 
\1' 1,000 

\1 1.000 
\I' 1,000 
i\l/ l .000 
M,' 1,000 

Fusanum O:>-) <p,m1m !\! 1.0CXJ \I 1.000 \1.' 2,500 
Fusanum sol.mi M I.000 \I J .OUO \I/ 2,500 , : \1.' 1.000 

\1 2.500 ( M, HI(){)) 
M: 2.500 (1\1, 1000) 

\1 50 0\)0 
M 50 000 
\1 25 000 
\I: 2.500 

\l 2.500 

M' 2.~00 

\1 !.(JOO 
M- 1.(00 

\1 50.000 \f 50 000 \I 50 (•'·) 
\1 50.000 \I 50.00J \I 50.v•) 
\1 25.('()() , M 25,000 , \I 25.C.,>0 
\1 1,000 !\1 1,000 \f. J.0<).) 

\1, l.000 I\ 1 2.500 \1 2.500 
\I 2,500 
\I 2.500 
1'.l' 2,500 \l l.000 
l \l iOOOJ -
\I 1.000 \I l.000 
\1 l ,0{}.) \1 l.l\).) 
\1!J,000·\l l.Ov.1 
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Candid..1 alb1can~ 
Cryptococcus rubcr 
<..acharoIT''ce~ cere' i,iae 
Tnchoph~-ton g: pseu:n 
Epiderm,1phy10n Kai.:;-;;12.n-\\"ol:f 
.\chorion qum~kean.im 
Tnchothec1um ro-,eum 
P~nicil lium ja' anicum 
Penic1llmm s1mpl1cissimum 
.\~perg;llus ni' eus 
.\sperg,Jlus eleg<ms 
.\.s ;:>erg: 11 us nige r 
\c:inor,;..:cor repens 
Botr/tis cinerea 
rusarium ox)sr.vn.im 
Fu,arium !>Olani 

Table 135. Continued 
Phen~ 1-

azc>-a.:et-
cs~1g-e,1cr 

F/2271 i 

M, 10.000 i 
M/10.000 . 
M.'10.000 
M/ 5.000 

\1: 1.000 
( 1\1 1000) 
I• A' f (\f\f"h 
\ l"l iV\.N/ 

\1 1.000 I 

3-Tolyl-
azo-acet-

cssig-ester 

F/2272 

M/10,000 
M/10,000 
M/10.000 
M/ 5,000 

' 
' I 

I 

4-Tt'I) 1- I 
I 

azo-acet- ! essig-e~ter 

F/2273 

\1, 10.000 
M/10.000 ' 
\1 10.0'.Xl 
M 10.000 
( M 1000) 
M! l.000 

(M 1000) 

3-Chlor-
phen) I-

azo-acet· 
essig-ester 

F/2274 

\1 10.000 
M•I0,000 
\1'10.000 
\1 10.000 
(J\1, 1000) 
M: l.000 

("111000) 

4-Chlor-
phenyl-

azo-acet-
e!>Sig-ester 

F/2275 

1\1, 10,000 
1\1 10,000 
M 10.000 
M•I0,000 
\1: 1,000 
M/ 1,000 

(\!, 1000) 
\1' 1,000 
M l,OOJ 
~ .. 1, L.000 
l\I' 1.000 

i 
I 

I 

i 

Pnen) l- 4-1 olyl-
az.:i-m.-lon- , azo-malon-

sac re 
<i1aeth) I-

ester 
F/1276 

t \1 I 0C()) 

\I 2.:'00 
\l 2.500 
\11 2.500 
-..1 1.000 

i 
I 

saur1;-
diaeth) 1-

ester 
F/2277 

M/ 2,500 
\1' 2,500 
Mi 2.500 
M.' 1.000 

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. 
Pharmacoi. 13:285-318 (1964J. Copyright 
by Pergamon Press Ltd. 

4-Chlor-
. phen) 1-azo-

maions;iure 
d1acth} 1-

ester 
i F 2278 

\1 l.O'JO 
-

\I 5,0oXl 
\I 5.000 
\I 5.000 
\I 2.500 
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C.cPh:J1J:i alb1cans 
Crypwec>u:us rnber 
Sdchc.romyces cerevis1ae 
TrichL';'h) ton g,·pseun1 
Ep1dem10phyton Kaufman-Wolff 
Achonon quincke4num 
Tncho:h.:cium fl''eum 
Pen.:illt·1m ja,ar.,cum 
Penicillium s1mpl1c1>>1mum 
Aspcq;.!lus ni\ c:us 
. .\.5perg1llus eleg.:ins 
.\<pergillus nigt"r 
ActJnomuc\._•r repens 
Botr:11s cinerea 
Fusarium O'-)»porum 
Fusariurn su!<lni 

Table 135. Continued 
! : 'I I I ! 

4-Ch\or- Phenyl- I 4-Chlor- , Phenyl- 4-Chlor- : Phenyl- 1 4-Tolyl- 1 4-Chlor-
phenyl- azo-cyan- . phenyl- i azo-cyan- , phenyl- azo-cyan- azo-cyan- I phenyl-

azo-c> an- ess1g- ' azo-cyan- : ess1g- 1 azo-cyan- '. ess1g- : ess1g- 1 azo-cyan-
saure- I eo;sig- : saure- ess1g- I saure- saurc- ~ ess1g-ess1g· 

saure· 
aethyl-

an1hd .
1 

saure- I (4.-chlor- : saure- : hydraz1d I hydraz1d I saure-
, amltd 

1 
amlid) I (4.-chlor- : hydrazid 

1 I : aniltd) 
Fi2257 I F/2259 I F/2260 I F/2262 

e'ter 
f 2253 F/2263 

! 

' i 

I 
i M '25.ooo : '11 l,000 Mi l ,ooo I Mi l,ooo i M! i.ooo ; <M/1000) 1 

\1 25.00'.J ' \1/ 2,500 M/ 1,000 I M/ 2,500 I M/ 1,000 ' M/ 1.000 ' 
I \1 25.000 : M/ 2,500 M/ 1,000 II M/ 2,500 M/ 1,000 (M/1000) ' 
1 M 5,000; (l\1 11000) - (M/1000) i - f - · 

1 - r - , - - J - I -- \ - - - I - . 

F;2264 F/2265 

M/ 5,000 
M/ 5,000 
M( 5,000 · 

M/ 1,000 
- -

M/ 1,000 M/ 5,000 
M/ 1,000 M/ 5,000 
Ml 1,000 M/ 5,000 
M/ 1.000 \11 2,50J , 

- <M,'100'}) 
-- (M 'I 0001 

Phen: 1-
3Z'· 

acc1: 1-
acewn 

F 2.:66 

M .:. 00 
M 2. IXl 
\1 :. 00 
M 2. 00 

3-Tolyl­
az0-

a..c.::c: 1-
c.d·:l)n. 

F .:.:67 

,, 5.000 
\I :'.CXXJ 
'1 5.'Y>') 
'.i '5 'If,}] 



~ 
C.rnd1c;:: a\b1c::m<; 
Cr)pt,,oxcus ruber 
5:icc.ha~omyces cere' isiae : 
Tnch0!'h' wn gy;-~eum 
Ep1cicrn1oph:- wn 

Kaufman-\\ olff 
\chonc>n qumckeanurn 
fnchl1:hec1urn ro<;eum 
Pcnic 1il1un1 jd\ a:i1cun1 
f'en:L•IL<:m 

sim)'l1.:i,~imuni 
\sperg:llus ni\eus 
\<perg1llus e!egans 
\>pergillus rnger 
.\ctmomucor rcpens 
Hotrytis cmerea 
Fu<arium OX)sporum 
l'-usariurn solani 

Table 135. Continued 

.!-(.'1i1H-
.:-:'l ·: r\ ,_ 
r'i 1C'ri.~ l-

id.LC'•r.1~\h'-
r; ;: ~ii 

F 22>~ 

\1 :':... t .-;-.,,; 

\~ ~C(!iJ0 
>,,j "') !>J(J 

\-1 ~-C~l\.i 
\-1 :: ~w 
~1 25.000 
\1 5.C~Xl 
\-1 5.0lXl 
\I 2.500 
\1 ::_<(JoJ 

,, ::s0 
\-i ~ .C\)J 
\j ::.<(\() 

'..I ~l' C• (\ 

\1 :-0 !fl() 
\1 50.00J 
\1 ::5.if•) 
\1 2."00 

\1 5 ('(~ 
\f ].()(() 
\-1 ]_(})-) 
'..f ~_'((! 

\I 1.0(() 
\1 ''00 :;-~(I() \I 
\1 ~::<oo 

P11C-f"' I -

ti.l' 1 -r.~.~ !1 ·-
rii:r.1-~ -
h2;t\c_1n-
~ ... 'Jf(_-

<>Ct ho I-
t:''-ICT 

F 2~~R 

\! 2".000 

\1 :;<_cx~J 

\1 2'.(VJI) 

\I l ,0(}0 
\I J,000 
_'I.I :"J'()!) 
\1 2.:'00 
\l 2.500 
\I ~-~00 
\I 2.500 

\I 5.000 
-

\12'(fJ0 

\1::::000 
\I 25.000 
\1 25.000 

l ~ '-<1:1llt)' 1- 4-R1,1rn- A;_,1hc11- ' 3. -;·-Di-
2}.(i-Jl1.~ l t)- -1-n.i;'h- 7ri 1-4-:lll l- I 

met h' I-
nn r1 I \) 1-.ll(l- nialt 1- diphc~y!-

ma lo- rnt r> I t•n-4.4- -
n1!nl b1-..·(..!ZO· 

main-
nnril 

F ::'2-1-" F/22-1--1- F 22-1-5 _f-1:'-1-7 
-- ·---~- --- -~--

"·l ~U.001) 1\1 '0,000 , M/50,000 - M 10,000 , 
l 

"-1 50.000 
~i "0.000 

M.'50,000: l\1150.000, M!l0,000 
1\1,50.000: M,'50,000 I l\1>10,000 

1\1 5 O<JO M/ 5,000' 
\1 · 2.SGO , 1\1/ 2, "00 i 
"-I 10 000 \I, 10,000 
\1 S.000 l\1 \000' 
'\l 2."00 Mi 2,500 I 
\1 2.500, M1 2.500, 
\1 ::>_<()() \1 I <; ()00 

'' " 1.01)0 \11 1.000 
'\1 l.OUO \11 1.000 

\j J.000' \1, l,000 
\I- 5.000 
\J I Otl0 
•, l l0. OC•O 

\1 25.000 
\l 25.000 
\I 2'.0w 
\1' 5.000 

\I 5.000 
\I 1.000 
\1 J.000 
'1.1 i.ono 

'-1 · 2,500 
\1, I .000 
M 10 OW M/ 2.500 

M 125.000 '. M/ 5,000 
M >'.!5,000 ' M/ 5,000 
M/25,000 ' M/ 5,000 
\1_ 5,1){)() 

1\1 5.000 ' 
M 2.500 
M 1,000 · 
11.1 2,500 

I 

Phen\ 1-
1
' 4-Tllh I- I 4-Ciil»r- ; Phen' !- '1--j;)J\ l-

azn-C\~~1n- azc1-c'- -dI1- , p!11:.:nyl- ' aL\_1-,,:-\-~:1- 2-Zt._'-C\ an-
c..,~1g- l e .... ~;g- l aLo-cyan- ! c-.. .... 1-g- t:''"':-g-
saure saurc eS'>I'.'- s«u:-c- ~,:re-

meth~ 1- mcth} I- sdurc- 2ethyl ae: h' l-
ester ester meihyl- e'ter e>ter 

! ester 
F/2248 I F/2249 F/2250 F 22:' I F, 2252 

Mi 5,000 1\1, 10,000 · M;25,000 

M/10,000 \1/]0,000 I M/25,000 
M/10,000 M, J0.000 , !\1(15,000 
M/ 2,500 M/ 5,0C'O : M; 10,000 

M 10 000 

\1 10.000 
\1 l0 000 
\I ~ 000 

\1 2 ~00 
M UOO 
\1 1,000 

\! JO 00) 

\I 10.000 
\! 10,((o() 
\! 5 iXl\J 



'-..) 
-.:; 

Table 136. Azo Compounds as Fungistats 

Fungus 
Candida alb1cans 
Cryrt(lcoccu~ ru ber 
Sacchart>mycc~ ccrcvisiae 
Tnchophyton gyp~cum 
Epa<lcrmophyton Kauf-

nt.t11-W ol ll 
Achorn ·n qumckcanum 
Triclwtl1cc1um ro'>cum 
Pc111cill1um javanicum 
Pcnic1ll1um -,11npl1ci,~imum 
A\pcrgillu~ rnvcus 
A'>rcr~1llu\ clcgans 
A'>pcrg1llu' nigcr 
Actin•>mucor rcpens 
Bot rytJ~ cmcrca 
Fu~anum oxy,porum 
Fu'lanum solani 

4-Acetyl-
phenyl-azo-
malonitril 

F/2313 .. 

M/J0,000 

M/10,000 
M/ 5,000 / 
M/ 5,000 
M( 5,000 
M/10,000 

. M/ 5,000 
M/ 1,000 
M/ 1,000 
M/ 1,000 

M/ 2,500 

M/ 2,500 

M/ 2,500 
M/ 2,500 
M/ 2,500 

.._, 

4-Acetyl-
phenyl-azo-
malonitril-

semicarbazon 

F/2318 

M/ 2,500 

M/ 2,500 
M/ 2,500 
M/ 2,500 
M/ l,000 -
M/ 2,500 
M/ 1,000 
M/ 1,000 

M/ 2,500 

M/ 2,500 

M/ 2,500 
M/ 2,500 
M/ 2,500 

4-Acetyl-
phenyl-azo-
malonitril-

oxym 

F/2321 

M/ 1 000 

M/ 1,000 
(M/1000) 
M/ 1,000 

Reprinted with permission from Biochem. 
Pharmacol. 14:1325-1362 (1965). 
Copyright by Pergamon Press Ltd. 

4-Acetyl-
phenyl-azo-
malonitril-

phenyl-
hydrazon 

F/2322 

M/J0,000 

M/10,000 
M/ 5,000 
M/ 5,000 
M/ 2,500 
M/ 5,000 
M/ 1,000 
M/ l,000 
M/ 1,000 
M/ 1,000 

M/ 2,500 
-

M/ 5,000 

Ml 5,000 
M/ 5,000 
M/ 2,500 

4-Acetyl- 4-Acetyl-
phenyl-azo- phenyl-azo-
malonitril- malonitril-
salizyloyl- . isonikotinoyl-
hydrazon \ hydrazon \ 

' 

F/2323 

M/ 5,000 

M/ 5,000 
M/ 5,000 
M/ 2,500 
M/ 2,500 
M/ 2,500 

---
-
--

F/2324 

M/ 2,500 

M/ 2,500 
(M/1000) 
M/ 1,000 

M/ 2,500 
-

M/ 2,500 

M/ 2,SCO 
M/ 2,500 
M/ 2,500 

4-Acetyl­
phcnyl-azo­

cyane~~jg,iiure­
mcthyl-ester· 

amino­
guanidon 

hydrochlorid 
F/2328 

M/ 2,500 

Ml 2,500 
M/ l.0()0 
Ml 1,0()0 

Ml l,000 

M/ VOO 
M/ :?,~()(\ 
M/ 2,~00 

4-(4'-Acetyl­
phenyl-azo)-
3,5-dimethyl---

pyrazolyl-
1-amidin­

ami noguanidon 
dihydrochlorid 

F/2330 

M/10,000 

M/10,000 
M/10,000 

-~-



Table 1)6. Continued 

4-(4'-Acetyl- 4-Phenyl-azo- 4-(3' -Tolyl- 4-(4'-TolyJ. 4-(3' -Chlor- 4-( 4' -Chlor· 4-(4'-Tolyl- 4-(3' -Chlor· 
phenyl-azo)· 3,5-dimethyl· azo)-3,5- azo)-3,5· phcnyl-azo)- phenyl-azo)- azo)-3,5- phenyl-azo)-

3-methyl- pyrazolyl-1- dimethyl- dimethyl- 3,5-dimcthyl- 3,5-dimethyl- dimethyl- 3,5-dimethyl· 
pyrazolon(5)- amid in pyrazolyl-1- pyrazolyl-1- J.'yrazolyl-1- pyrazolyl-1- pyrazolyl-1- pyrazolyl-1-
yl-1-amidin- hydrochlorid amid in amid in amidin amidm thiocarbon- thiocarbon-

amino- hydrochlorid hydrochlorid hydrochlorid hydrochlorid siiureamid siiureamid 
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/J0,000 M/10,000 M/ 2,500 r~-: 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/ 5,000 M/ 5,000 M/10,000 M/10,000 M/J0,000 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/ I ,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 - - -

- - -
t-' 
-0 
co 

Candid~ albicans 
Cryptococcus ruber - (M/1000) (M/1000) (M/1000) (M/1000) (M/1000) 
Sau:haromyccs ccrevisiac - - - - - -
Tridwphyton gyp.,cum - M/ 5,000 M/ 5,000 M/ 5,000 M/10,000 M/10,000 M/ 5,000 M/ 5,000 
Ep1<lcrmophyton K.auf-

m.m-Wolff - M/ 5,000 M/ 5,000 M/ 5,000 M/10,000 M/J0,000 M/ 5,000 M/ 5,(i(J() 
Achorion quinck,.ar..urn - M/ 5,000 M/ 5,000 Ml 5,000 M/10,000 M/JO,OUO M/ 5,000 M/ 5,000 
Tnchrithcc1um ro'cum - M/ 1,000 M/ 1,000 M/ l,OC~ Ml 2,500 ~1/ 2,500 M/ 5,000 M/ 5,0W 
Pcnic1llrum javanicum 
f'(;nicillium '>implici~~imum 
A'>pcrg1llu-, nivcus 
i\:·.p~rr.d!u~ ekg:tn": 
A'pcq~illti·, n1i;cr 
ALI mumu.:or re pen~ 
Butryl" ..:incrca 
J·thanum "-'Y'r"rum 
Fu,anum \ul.mi 



No. 

Table 136. Continued 

Candid;t atbicans 
Cryrtococcu~ rubcr 

4-< 4' -Chlor­
p h :nyl-azo )-
3,5-Jimcthyl-

pyrazolyl­
th1ocarbon­
saureamid 

F/2358 

Sacchan >rnyce\ ccrcvisiae 
. Tridwphyl<'n gypscum 
EpidcrnH•phytun Kaufman-Wolff 
Ach·.1rion qu1nckcanum 
Trichothc1.:1um roscum 
l'cnic1!1ium javanicum 
l'c111c1ll1um \llllfl!ici,~imum 
A'pcq_:1llu~ nivcu~ 
A'rcre,1!lu' clq~an~ 
A'pc11·.1llu' nigcr 
1\ctin1111111cor rcpcn~ 
l1111ryl1' uncrca 
l ·11,a11111n uxy,pornm 
I 'u,a1 iu111 "•lani 

M/ S,()I)() 
M/ 5,01)() 
M/ 5,COO 
M/ 5,C~O 

TABLE 137. 
Antlfungal Activity of Salicylic Acid Oerlvatlves 

-----·-·-------·--·- ----- --------. --
Minimum inhibitory concentration for pathogenic fungi (Percent. W/V) 

~:d,~. ~~~ .. r--·-·-· ;,:~~p~y:~··-.P~'" ----· · I M•~~-:;.~;·m . , Ep~t;;:; 
~lbicans I krusei-1 vcrrucosum I mentairophy~~b~~~~;;;raru fca~is _l audo~ni f-ftoc~~su-;-____ 

0.01 0.01 0.1 0.1 0.01 0.01 0.01 0.01 0.1 
(11.8) (12.0) (12.5) (15.1) (16.l) (18.3) (20.0) (19.5) (15.4) 

2 
s 0.25 0.01 0.01 0.01 0.01 

(11.5) (11.8) (20.5) (15.9) ( 17.8) 
4 O.ol 0.01 0.01 0.01 0.01 0.01 0.1 0.25 0.25 

( 13.2) ( 11.0) (25.0) (18.5) (20.0) (19.9) (15.6) (20.1) ( 18.1) 

s 0.01 - .. I -(15.5) .. 
6 0.1 0.01 .. 0.01 -

(l0.5) (10.5) (22.5) I 

•I, 

7 O.l (O.l 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 

( 11. l) (11.0) (25.8) (36.2) ___ ..,. _____ 
--- --- -- --------- -------- - , --- --------- --- .. 

_ __.. ______ 
Note-I. Figures in brackets indicate diameters of zones:or inhibition in mm. 

2. ( - ) indicates no activity. 
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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 ex~ected. 
TABLE 138. 

Protective effect of Trypan blue again3l NDV in chick embryos 
-

Jdortalitr-

Loe ViN• Dilution Trypan blue' 
Control 

A B c D E p 

-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, Trypan blue, lot 11003, 1000 µg/egg, immediately prior to virus; B, Trypa;i blue, fot 11003, 100 

,.gJegg, immediately prior to virus; C, Trypan blue, lot 16124, lOOO·µg/egg, immediately piior to viru:i; 
o, Trypan blue, lot 1612-l, 100 µg/egg, immediately prior to virus; E, Trypan blue, lot 1612-1, 1000 µg/ 
qi, 24 hr prior to virus; F, Trypa.n blue, lot 16124, 1000 µg/egg, 24 hr after viruc. 

Reprinted with permission from J. Inmunol. 
87:707-13 (1961). Copyright by Williams 
& 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. 
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l•tlNlclt ICOtlet 

TAULg l°J"I· 

l!.'.flccl of 7'rypan blue and otltcr cornpounda on N ewcaatle disease virus in chicle embr110• and on .hernagglutination 

STRUCTURAL FORMULA NOTC:CTev(• INHtl!tlft 
COMPOUND STRUCTURAl. FORMULA 

-ticn«• _,.,,. 

H1~ HO NHz ..u;c N • N -:0-Ct"' • N ..:(6. 
Ha so, SOsN• CH l CH, Noso, SOsN• 

H~OH OH' NHz 
•N ~ N•N No Naso>(~ ~ ~ 

SO,No CHs CH5 SOii• 

HzN OH OH Nitz 

~
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~. '=( )~ 
Maso, ~· ocHs OCHJNoso1 sO,Ne 

N • N-o-OSO,No 
, ~NHz - N•ll . 
· " I~ HzN 
"- S01 OsNo 

1~ • 

No SO~ 
I 

N~ llHa 

1,-~ • N--0-0-'4 • N~ 
~ -~ 

NoS01 NoSO, 
NH, OH 

1,.~N·N~N•N~ 
~- ~ ~ 

No~Os Noso5 

NHz Nl'JD..N 
Nitz 

£}-N • N-0:: 
N - NHz 

~ 

Q-ft 

OHOH. 'Nm 
Nose," "' ~sNo 

OH NH·COCHs 
• N_Jv\:,, 
~ 

NoSOs SOsN• 

N • N 

Ji)' h. HO::ro 
... :;o, NoSOs N • N 

+ 

+ 

+ 

+ 

... 

+ 

MCM.AGO~UT1"""t.oN 

+ 

+ 

+ 

+ 

Foll Groan FCF 

,,_"""I 

l<l<MClll ... 

.......... "" ... 

.... lllylOro• 

..... ",. ... 
o,.,. 0 

Ponceou 2" 

CHs CHz O="'_..CHa CH1 
No ~ I 'C:HL/=\J 

"•-o-""'-w-<:(' -...---
C1H1 ........ ,.....,_N-."lt CHs 

N_..l<V- ~ ~H~ 
Catts/ ...<\ N•N " 'cHs l;,..JI Cl TtllC 

OCH1 
.J.......N•N-ONo 

N01~ 
NoSOs 

O-N-N-O-NH-0 

~N /CHa 
NoSOs-C( '0-N ......._ 

COOH CHa 
ri"'N-N<::.}-N/ 

ir.,.;r 'CHs 

N•~So,NG 0-HO :'.,. 
1No 

"l:Ha 

Hi" nc;;'' ~SO,No 
~--"' 1 

I. 

SC1No 

N•-AllllwO'lll ....... ..._.,_.. @o,No 

OH 

FIOflOlllC odd 
H01S~N01 

~ 
N02 

ICMMOL-UTUi&A,... 

t 

• tOOO ,.., GI ,........,.. ttdlftlf\lllt•ed GllORfOltQlt)' '''°' to (t\alt•nt•·· 

Reprinted with permission from J. Irnmunol. 87:707-13 (1961). Copyright hy Williams & Wilkins Co. 
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Table 140. Azo Compounds as Bacterio~tats 

Bacterium 

I 

Phenyl- 2-Tclyl- 3-Tdyl- : 
azo-malo- azo-malo • azo-malo-' 

nitril nitnl nitril I 

2-Chlor-
4-Tolyl- : phenyl- , 
azo-malo-1· azo-malo-: 

nitril nitril 

F/2203 i F/2204 : F/2205 
' 

f.:!201 F 2202 

3-Chlor- : 4-Chlor-
phenyl- i phenyl-
azo-mato-: azo-malo-

nitril I nitril 
! 

F/2206 ' F/2207 
' 

---,---.,.--- I . ' 
' I , , 

4-Brom- , 4-Jod- 4-Aethoxy- 2-Methyl-
phenyl- phen~ 1- phenyl- 4-or0m-
azo-malo- azo-m<.lo- · azo-malo- phcn~ 1-

nitril nitril riitril azo-malo-
nitnl 

F/2208 ' F/2109 F'2210 F/2211 

Staph) lococcus aun:us 1 : ! 1 • 

Duncan \w1 10.000 Md0,000 . M/25,000 I M/10,000 I M/25,000 · M/50,000 M/50,000 · M/50,000 : M/50,000 . f\1'25,000 , M/25,000 
Staphylococcus aun:us I I ! i 1 ' • 

p~ogenes 'f 10.C(l() 1\f 10,000 · Mll0,000 ; M/10,000 i M;25,000 I M/50,000 M/50.000 M/50,000 : M/50.000 M 10,000 M/25,000 
Staphylococcus albus M '10,000 1\1·10.000 . Mfl0,000 I M/10,000 I Mi25,000 , M/50,000 M/50,000 M/50,000 : M/50,000 • M '10,000 : M:25.000 
Shigel!a dysenteriae · I : . 1 

Fle,no:r '.\1 5.000 1\1· 2.500: M/ 2,500' Ml 5,000 M.'10,000; M/10,000 1 M/I0.000 M'l0,000 M/10,000 M' 1,000 M' 5.000 
Shigdla dysenteriaeSonne '.\I' 5.<\10' M · 2,500: Ml 2,500 l M/ 2,500 Mil0,000 i M/10,000 M/10,000 Mll0,000 I M/10.000 M 1,000 M/ 5,000 
Salmonella typhi '1 I0.000: M 10.000 i MlJ0.000 M/10,000 ! M,25,000 i M/50,000 M/50,000 M,'25,000 J M '25.000 ~I 2,500 . M.· 10.000 
Salmonella paratyphi 1\1 5.000' 1\1 10,000 ·. M/10,000 M/ 5,000 1 M/10.000 I M/10,000 M,110.000 M/25,000 M1IO.OOO' 1\1 1,000 M/ 5,000 
Eschenchiacolicornmuni~ '.\f 2.500 ·~I.' 1.000 · M/ 1,000 ! M/ 2,500 IM' 2.500 ! M/I0,000 M/10,000 M/J0.000 I 1\f;I0.000 M 1,000 M/ 5.000 
Aerobacteraerogenes J 1\1. 2.500 M' 1,000: M/ 1,000

1

, M/ 2,500 !IM/ 5,000 I M/10,000 M/10.000 MiJ0.000' M'I0.000 M' 1.000 1\1' 5.000 
Proteusnilgaris . M 2.:oo 1 Ml 1.000 ! M/ 1,000 M/ 2,500 M,' 5.000' M/10,000 M/10.000 M:I0.000 ! M'J0.000 - f\I 5.000 
Pseudomonas pyocyanea ' - ! - 1 - I - ! M/ J ,000 I M/ 2,500 M/ 2,500 M/ 2,500 j M/ 2.500 - Mi 2.500 
~udomona~ fluoresoens ' - 1 - - 1 - : M,' 1.000 i M/ 2,500 M/ 2.500 · Mi 2,500 ! Ml :uoo - M 1.000 

! 2-Methyl- 3-1\!ethyl- 4-\kthyl- ~ 2-Brom- 2,5-Di- I 3,5-Di- 2-Chlor- 3-Chlor- 2-1\1ethyl- 2-Chlor- 3-Chlo~-
i 4-j-'<:!- 4-brom- : 2-brom- i 4-aethoxy- chi or- : brom- 4-brom- 4-brom · 4.6-dt- 4.6-di- 1 

; ph~yl- phen) 1- i phenyl- ; phenyl- phenyl- I phenyl- phenyl- phen) I- brvm- brom-
azo-m.ilo- azo-malo- azo-malo- 1 az.o-malo- azv-malo- ! azo-malo- azo-m<:.lo- azo-malo- . phen:, I- phen) 1-

rutnl nitnl nitril · nilril nitril ! nitril mini nitril : azo-malo- azo-malu-
! niml nitnl 

F 2~1:! F 2213 F/2214 F/2215 F,'2216 F/2217 F/2218 F/22!9 I F 222J F,2221 

Stapl1y 10coccus aureus 
Duncan 

Sta;ihylococcus aur..:us 

1 

I !'-! 5D.Ol)..1 

py1>gencs i !'-1 50.<\Xl 
Staph:- lococcus alht:s !I.I 50.<A'\.1 
Sh1gclla dysenrcriac 

Fle:-..ncr :'-.f S.l))J 
Shig.::11.i cysenteriae Sonne !\I 5.000 
S<o!mon~!I~ t\ l'hi \f !O.L•_•J 
S.ilmondla p~r~typhi 'I.I 5.C(o() 
Escherichia coli COiTL":'ll.!'1is 'I.I 5.C•Xl 
Aerobacter aerogenes "'' 5.C•.JoJ 
Proteus vuh!ans \I 5.C'-.XI 
Pseudomona' pyoc)anea 1\1 2.500 
Pseudomonas fluore=s 'l.t 2.500 

M.•50.000 , Mi25,000 ! M/25,000 i M/50,000 

M 50.000 '.\1,25.000: M;25,000' !\1,50.000 
'1.1 50.000 '1.1'25.000 l M/25,000 : M '50,000 

\I' 5.000 'I.ff 2.'00 I M/ 1.000 M: 5,000 
'1.1 5.000 · '.\f! 1.500 , M/ 1,000 · \1 5.000 
\1 10.000 'l.f 10.000 M/ 5 000 I\1 10.000 
\I 10.000 \l.' 5.000 , M/ 2,500 : M :'i.000 
\ l 5 .OOJ \I' 2.500 I M ' 1.000 \1 . 5 .COO 
\I 5.000 '.\!! 2.500 '\1' 1.000. '\1 5.000 
\! 5.000 \I. 2,500 M/ 1,000 ,1\1 5.000 
\I :.soo \1' 1.000 I - . \I 2.500 
\1 2.500 \II 1,000 i - ! 1\1. 2,500 

I 

M/50,000 I M/50,000 r-.1;50,000 ~ f\1;50,000 i M;50,000 
I I 

M, .'.'0,000 ' M '50,000 . !1.1 50.C>..'XJ . \l,50.CfJV I \1;50.00{) 
M150,000 : M/50,000 '. l\1;50.000 , \1,'50.000 M 50.000 

I 

1\1.25.000 ! M,'10,000 \I 10.000 \Ii 2,500 , !\f 2.500 
l\1;10.000 ' 1\1' 5.000 1\1' 5.000 \f' 2.500 • M 1,000 
\1·25.000; M 25.000 f\! 25.000 \1 10.0{)0 ' '1.1 10,00:J 
1\1 10.000 , M 10.000 \I !Ll.OUO '.\1' 5.UW \I 2,500 
'1.1' 5.000 ' M · 5.000 \I 5.0\)J \1 2.500 . \I l .rY>O 
'1.1, 5.000 , M, 5.000 '\I :.ooo \I 2.SOO '.>! 1.000 
.1\1 5.000 M 10.000 \I .:' 000 \! 2.:'00' :..1 l. 0U0 
\1 2,500 M.' 2.500 :'\I 2.5CO \I 1.500' \'. I OCM) 
'1.1/ 2,500 M; 2,500 1\1, 2.500 'I.I 2.500 ! 000 

4.6-di­
bro:n­

phen:- i-
azo·m~lo­

pi; •• 1 
F':'"'I...,. .... 

~I 50.WO 

\! 50.(Y).) 
'.\UO,((•) 

\1 5.C(l() 
'I. t :.51)) 
\ \ J 0.(,t)J 
'.\I ::' . .:'•.)] 
\I :.5')) 
\! ! l<•~I 
\l :.~1:•) 
\I L.<(1 
\! 1 .1).)) 

Table reprinted with permission from Biochem. Pharmacol. 13:285-318 (1964). Copyright by Pergaffion 
Press, Inc. 
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Table 140. Continued 
· 4-Chlor­
! 2.6-di­
I brom-
1 ph<!n\'.1-
! u..~malc>­
: niuil 
F.~3 

2,4,6- ! 2-Nitro-1
1 

3-Nitro-
Tnbrom- : phenyl- phenyl-
phen} 1- , azo-malo- azo-malo-

azo-malo- ' nitril nitril 

F12224 · F/2225 F/2226 

4-Nnro- 2-\lethyl- 3-Methyl-
phcnyl- 4-nitro- ' 4-nitro-

azo-malo-. phen)l- ' phenyl-
nitril 1 azc>-malo- '. azo-malo-

mtnl ; mtril 

F. 2227 F,2228 F;2229 

4-\kth\ 1-
~ .. nHr0-
phen; l­

az0-r:ial .:>­
nim I 

F 1230 

2-~itro- ' 2-Chk>r-
1 

3-ChlN· 
.+-ae1h0x\- 4-rlitro- : +n:tro-

phen; 1: phen) 1- i phcn; 1-
a.zo-malo- azo-malo-1 c.zo-malo-

nitnl nicril 
1 

ruml 

F, 2231 F 2232 F :?~33 

mcril j 

----.----- ! l 
i Staphylococcus aureus 

Duncan 
Staphylococcus aureus 

pyogenes 
Staphylococcus albus 

f M 50,<XX> 

: M 50.000 
; M 50,00J 

Shigella dysenteriae . 
Flcxner ' !\I 2.500 

Shigella dysenteriae &-nne, !\f 2.500 
Salmuncll.1 typhi ~t 5.000 
Salmonella paratyphi j !\f 2.500 
Eschenchiacolicommunis' M 1,00) 
Aerobac1cr aerogenes -I M l,roJ 
Proe!eus vulgaris I !\I 2500 
Pseudomonas Jl]OC)"anea i M l.(X() 
Pseudomonas fluoresoens 1 M · 1,000 

O:-Cl1 l<'f-
--rl::rl1-
f'1tt"'1\ l­

aLo-r.::110-
r.1:~il 

F 2~34 

I . • 

M 50,000 . M/l0,000 i M/10,000 M/10.000 . M, 10.000 M/10,000 ~ M 10,000 \1•10,000 \1 10.000 ! \1 50.tYJJ 

!\1 ~o.ooo : M::10.ooo I Mt10,ooo M no,ooo .... 1.:10.000 M/10,000 i M 10.000 \1 ·10.000 . \1 io.ooo 1 \f ~~.O?J 
M .0.000 !\1;10,000 M/10,000 M.J0.000 \1,J0,000 M;lOOOO IM 10.000 M 10,000 M J0,000. \1 _),()W . I ' . 
\1 2.500 ... 1/ 5,000 ! M/ 5,000 M. 5.000 

1 
- , M/ 1,000 i M' 2.500. \1 1 l,000 M. 2.500 • \1 5.000 

\1 2.500 I M' 5,000 i M/ 2,500 M.' 2.500 . - I M/ 1,000 I M 2.500 \1' 1.000 : - . \1 2.500 
\1 5.000 ... I 25,000 M/10,000 M 10.000 \11 5.000 M.' 5.000 M 5.000 \1 2,500 · 1\1! 2,500 \1 10.0)) 
\1 2.500. M,10,000; M/ 2,500 M1 2.500, M,' 1,000. M/ 1,000 .\I 2.500 \! l.000 \I' 1.000. '.\I 1.5:)) 
... t .. 1,000 1'1> 5,000 I M./ 2,500 I M 1.000 - i - . 1\1 2.500 \I 1,000 - \I 2.50.) 
\1, 1.000 : \1/ 5,000 I M/ 2,500 I M' 1,000 - I - : \1 2,500 \1' 1,000 . - \I 2,5(•) 
\1'. 1.000 1 M/ 5,000 IM/ 2,500 i M' 1,000 - - M J.000 \1' l.000' - \1 2.5~ 
\I 1.000 -· I - ; - - - - - - \I I.(•_>) 
\! · 1,000 , - - I - - - - - - \1 I ,OC>) 

P11cn' 1-
t:tz•~t-rn~ h ,_ 

n1:rd...;­
karb1m­
~tUf(_ .. 

.. eth; 1-
<:<.:er 

F 2238 

1-!'.apht~ 1-'. 
:.; zn-nlct lo­

n11 n I 

4-Rrom­
-1-naph­
tyl-aw­
malo­
mtnl 

i Azoben- : 3 ~·-Di­
i wl-4-azo- I ~~thvl-

- malo- . d1phcnyl-
mtn I en-4.4"-

Phenyl- ~ 4-Tolyl- 4-Chlc•r- _Phen) l-
azO-C\'an- · azo-cyan- phenyl- az0--:; .;n-

e-.s1g- / e~~1g- a.m-cyan· e~s1g-
saure : saure ess:g- ~urc-

meth:,. l- mcth) 1- i s<1urc- aethyl 
ester ester I methyl- • estc:r 

4-1 ol:l­
azci-c; a.n­

e~C\Jg­

sa,!re­
ae:h: l-
ester 

I / ester 
F/2248 / F/2249 F/2250 / F 2151 

----------------------------'------· 1-----1 ·-----

bis-(azo­
malo­
nitril 

F/2245 I Ff2247 F/2244 F.'224~ F.2252 

St<i.pl1: lu~occus aureus 
Duncu.n 

Sti!rh~ l••CA'ccu' aureus 
M 58.WO \! 25.{)()() 

r~L"g(ne1;, : :\! :'OcXN \1 2.:7.000 
'.'>taph; ic'WCCus albus ' M ~O.C'OO '-1 25.000 
ShigellJ d:,->entenae l 

FJnner \l :'.Ot•J .\! ! f)Oi) 
Sh1gdla dy,emenae Sonne. ~I 2 5r;v \l 1.000 
Salmonc!l.i typh1 · \l 25.000 \I 5.000 
5alnll':'el la par2typhi \I 5 .l'.c>J \I 2.500 
Escherichia coli wmmun1s '-I :5.()(X) \1 2.500 
-\erob2cr~r aercgenes 'l.f 2.500 \1 2.:500 
Prntcu,,1.1k2ris \1 2."00 \1 2.500 
Pseudomt>nJs pv0c,·anea 
p,cudL•mona< fl~wrescens ! 

'-1 50,000 

\1 50.000 
'\ ! 50 .uoo 
.. , 5 ()1_10 

\1 :uoo 
'\1 10.00() 
\! 5.0L10 
\I 2.'00 
\1 2.'{10 
\1 2.500 
\J 1.\lOJ 
'l 1.rn:o 

' i 
M/50,000 ; M/50,000 ; Md0,000 . 

M/50,000 M/50.000 ,· M/10,000 
M,'0.000 .M/50,000 M•I0,000 

i\1.' 5,000 
J\1/ :i "00 : 
!\1.10.000 
\1 5 OPO 
\·1 2.500 ; 
r..11 2,500 ' 
M/ 5,000. 
\11 J.000 
\1/ 1.000 
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Table 140. Continued 

Staphylococcus aureus Duncan 
Staphylococcus aureus pyogencs 
Starhylococcus albus 
Shigella dyscntcriae Flcxner 
Shigella dyscnteriae Sonne 
Salmonella t)']'.lhi 
Salmonella paratyphi 
facherichia coli communis 
Acrobacter aerogenes 
Proteus vulgaris 
Pi.eudomonas pyocyanea 
Pseudomonas ftuoresoens 

<;raphyl,,coccus a.ureu~ Duncan 
'>taph~ lc'o::>ccus 'ureus p~ogenes 
Stdph~ ioc.x:cus al bus 
Shigclla dysenteriae Fl.::>-ner 
~bigella dvsenteriae Se>nne 
~almonella 1yrhi 
-;aJmcmella paratyphi 

. •:,,cherichia co Ii cx>mmuni;;, 
i .\crobacter aewgcn.::s 
: Proteus vulgaris 
, ?-,eudcmonas pyocyan--...a 
: P<eudomona~ f1uor~s 

' 4-Chlor· : Phenyl- 14-Chlor- Phenyl- J 4-Chlor- ! Phenyl· i 4-Tolyl- I 4-Chlor-
, phenyl· azo-<:yan- phenyl- azo-cyan- · phenyl- '. azo-cyan- ! azo-cyan- I phenyl-

azo-cyan· essig· , azo-cyan- essig- I azo-cyan- I essig- i cssig- 1 azo-cyan-
cssig- siiure- I essig- siiure- : essig- I saure- i siiure- 1 cmg-
saure- anilid · siiure- (4"-chlor- : siiure- : hydrazid I hydrazid I siiure-
aethyl- anilid amlid) I (4"-chlor· j i I hydrazid 
cs1er anilid) ; · 

F.2"3 : F/22'7 F/2259 F/2260 F/2262 I F/226) ! F/22641 F/2265 ' 

I ' ' I 

, - M/ 5,000: 
- M/ 5,000 · 

, - M( 5,000 . - I ::::::: i 

Phenyl- 3-Tolyl· 
az·:>- azo-

acer' 1- acetyl-
auwn aceton 

F 2266 F·2267 

I 
I 

Phen~ l- 3-Tolyl- 4-Tl'l) 1- I 3-Chlor- 4-Chk,r- Pnen~ !- ~Told- 4-Chlor-I 
azo-acet- ! azo-acet- azo-acct- ! phen} I- phenyl- azv-m..;lon- 1 azo-maicn- phen~ 1-azo-
e;~1g-e,1er essig-ester essig-ester azo-acet- azo-acet- i 52.L!fC saurc:- malonsaurc 

es;ig-ester e;s1g-ester 01aeth~ 1- diae1:1~ 1- doJ.t:ihyJ-
ester ester ester 

F/2271 l F/2272 I F/2273 
I j F/2274 F/22i5 F/2J76 F/:'277 F ~278 

-----
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Table 141. Azo Compounds aq Tuberculostats 
1, ,Jrrl-a:11-11,1i/011i11 i/e 

F/2201 · Ph.:nyl-azo-ma!,)nitril 
F/2202 2-Tol) 1-:.iw-malonitril 
F,2203 J-Tolyl-azv-m:tlonitril 
F/2204 4-Tolvl-azo-makinitnl 
F'i2205 2-Chi"or-phrn) 1-azo-malonitril 
i-''2206 3-Chlor-phcnyl-a70·malonitril 
F, 2207 4-Cltlt>r-plwnyl-aw-rn.tlnnitril 
f", 2208 4-llrnrn-ph<:ny l-aw-111.11< initril 
1 ·1220'> 4-Jt>d-ph.:nyl-;11.o-mal<'l1ll ril 
f /2210 4-A<:t ht11'y-ph<:nyl-:.irn-malunitnl 
F1221 I 2-1'.kthyl-4-brnrn-phcnyl-azo-malnmtril 
F,'2212 2-!\kthyl-4-jod-phi:nyl-aw-malonurd 
f /2213 3-1\Ji:thyl-4-brom-phcnyl-azo-malonitnl 
F12214 4-Mctliyl-2-brum-phenyl-azo-m:tlonitnl 
r/2215 2-Bri1111-4-actho'<y-phcnyl-az,1-n1.1lonitril 
f'/2216 2,5-D1chlor-phcnyl-<m>-rnaloni1nl 
F/2217 3,5-D1brn111-ph<:nyl-am-rnalonitril 
F /2218 2-Ch lnr-4-bi t>m-phcnyl-.1LD-ma Ion ii ri I 
J ';2219 3-( 'lilllr--l-b1 t>m-phrnyl-am-malonit ril 
I· /2220 2-!\kt hyl--l,6-d1brum-phcnyl-.11t1-111.ilnnilr ii 
F. 2221 2-( ·h 101-4,6-d 1 brom-pll..:ny l-.110-111.llo111t ril 
F/2222 3-l 'hnr-4,6-d1brom-phcnyl-aw-111:1 l1n11t nl 

. F/2223 4-Chtir-2,6-tl1brom-phcnyl-arn-111.tl1>n1tnl 
J-'/2224 2,4,6-Tnbrom-r11<:nyl-a10-malnnitril 
F12225 2-N1tro-phcnyk1zu-m.llllJ11lril 
F /2226 3-N 1lr<>-phcnyl-.1zo-m,tlon1tril 
F/2227 4-Nitro-phcnyl-azo-nulonitril 
F/2228 2-1\kt11yl-4-n1trn-phcnyl-azo-malonitril 
F/2229 3-1'.kthyl-4-111tro-ph<:nyl-:izo-malonitnl 
f /2230 4-!\1cthyl-2-n1tro-phcnyl-azo-malonit~il 
F /2231 2-N1tro-4-acthoxy-phcny!-azo-malonitril 
F/2232 2-C'h lor--+-111 tro-phcnyl-.izu-malonit ril 
F,'2233 · 3-C hlor-4-nnrn-phcnyl-azo-111alonitril 
F /22.'14 4-Chll>r-2-nitro-phcn} 1-aw-malonitn I 
l'/2:!35 4-ALc'tyla1n1nti-ph.:11yl-aw-m.1lt>ni11 ii 
F 12236 Pl1cnyl-a1.o-111alonilnl-2-karbonsiiurc 
I '/2237 l'lwnyl-;uo-m.1 lnn1l111-4-karbllfl>iiun: 
I 'I 2218 )'I 1i:11y l-a10-m.1ltlll1l n 1--1-kar b1 >n,iiurc-a<:t hyl-cstcr 
1: '221'.> :l-l lydnny-rlirnyl·a'lo-malnnitnl-·1-b1 hllll'>iiurc 
F 122·10 l'l 1cnyl-.1w-ma lo111t nl-4-MI I l'on~iiurc 
1-/ 22-11 l'hrnyl-.itt>·m,1 lo11it ri 1-·1-'>111 r,111,1111id 
I "/2242 l'J11:11yl-;110-111al1111il1 il-1l-N·(·l',6'·d1111ethyl-2-

l.'l:'.!H 
1·i~H1 
l'/22·15 
l'/2~4(1 
l'/2247 

py11111idyl)-'>11lfo11arnid 
I· N.1J'hlyl-;1111-mah >nit ril 
'' 1111•111-I·11.1phlyl-;1111-111ah1nitril 
;\ 111bc111Pl-·l-a10-111.il11111l! r I 
I) i I' I 1e·ny kn-4 .4 '-hi'>(. I /(I-Illa 11 ll1 i I ri I) 
l,.)' -I) Ill K'\ l iy l-<I i plwnykn-·1.4. ·hi-.-( :1/l 1-1 llil" Ill it ril) 

:?. A 1·y/-11:z11-c,1·rt111'.1~f /g.wi11rc-cst1r 
F/22.J!l i'l1c11yl-azo-cy;1ncssig~iiurc-rn..:thyl-cstcr 
F /2249 4-· r, ll yl-azo-cya 111;s~1g'<i urc-mct hyf-c;,tcr 
r/2250 4-Chl11r-ph..:nyl-a:w-cyanc;,sig~iiurc-mcthyl-eslcr 
F/2251 Pl1cnrl-azo-cya11cssig>iiurc·:ldhyl-c~tcr 
F/2252 4-'l'olyl-a,eo-cyanc~~1g~;111rc-acthyl-cstcr 
f"/2253 4-C'hl0r-pl1cnyl-a.to-cyancs~igsaun:-011.:thyl-cster 

:J. 1lr)'l-aw-1·J'<llllU't'/11111id1• 11ml ihl'<· N-.m'1.stituil!l'le 
D1·1iMle 

F/2254 Phl•nyl-azo-cy.in<1c.:tamid 
F/2255 4-Tolyl·alo-.;y,111a<:ctamid 
F/2256 4-Chlor-phcnyl-aw-cyanacctamid 
.F/2257 Phcnyl-aw-cyanc~sig;,aurc-amlrd 
F/2258 4-Tl>lyl-azo-cyancssrg~aurc-anilid 
F /2259 4-Chlor-phcnyl-azo-cyancss igsaurc-an1l1d 
F /2260 Phcny l-azo-cyancssigsiiurc-( 4 '-chlor-ani I id) 
F12261 4-Tolyl-azo-cyancssigsaurc-( 4'-chlor-a nil 1d) 
F/2262 4-Ch lor-phcny l-azo-cyancssig~iiu 1c-(4 '-ch I or-an i I id) 
F12263 Phcnyl-azo-cyancssigsiiurc-hydrazid 
Fl2'.!64 4-1\1lyl-a:r11-1;y.111cs~ig.,iiurc-l1ydraLid 
F/2265 4·Chlor-phcnyl·alo-cyam:ssigsaurc-hydrazid 

4. Aryl-nzo-Dl'rivnlC' des AcC'ly/nceto11s, Ace/essig1•sters 
tmd Aft1/1m.1ii11re-tl111e1hv/-1•s/1'rs 

F/2266 Phi:nyl-azo-acctyla1,;cton 
F/2267 3-Tolyl-azo-ncctylaccton 
F/2268 4-Tolyl-azo-acctyl<lccton 
F/2269 3-Chlur-phcnyl-azo-acdyluccton 
Fl2270 4-C'hlor-phcnyl-nzo-acctyl.Kcton 
F/2271 Phcnyl-azo-;1cdc.,~igc,ti:r 
Fl2272 3-Tolyl-a10-acck,~1gc,1i:1· 
l'.1227.1 4·T111yl·ll71Mll'dl'\~1Cc'tcr 
J· /2274 1-C 'Ii l11r-pl11:11yl-:110-a~c1 c''il!c'lcr 
f/2275 4-Chlor-pchnyl-U/lhll'CIL'~RIUl'~tcr 
F12276 l'h1,;11yl-a10·111al11n-.1i111c-dia<.:t l1vl-..:1tcr 
f /2%77 4.· fol yl-u10-nw lom:1urc·d1act I 1y1-c•tcr 
F/2278 4-Chl< 1r-phcny l-a10-111;1 Jo11\1lurc-d iaetl 1y1-c~l~r 

M/10,000 
M/ 5,000 
M/25,000 
M;25,000 
Ml 5,000 
M/50.000 
M/'10,000 
1\1/50,00() 
1\1/50,(\\)\) 
M/25,000 
M/25,000 
1\1/25,000 
MJ50,000 
M/10,000 
Ml'0,000 
M/50,ilOO 
M ·so,ooo 
M·25,000 
i\li'0.000 
i\I 2\01lO 
l\l.2'i 000 
!\If ~\000 
1\1/25,0llO 
M/10,000 
M1I0,01>0 
Mi25,000 
M,'25,000 
M/10,000 
M/25.000 
M/10,000 
M/I0,000 
M/25,000 
M/25,000 
M/25,000 
M/10,000 

M/25,000 
Ml 2,500 

Ml2~.000 
l\l/'itl,OtlO 
1\1/W,OtKJ 
1\1( 5.000 
1\1/ 5,000 

M/ 2,500 
M/ 2,500 
M/ 2,500 
M/ 5,000 
M( 5,000 
M( S,000 

M/ 1,000 
M/ 1,000 
M( 1,000 
M/ 2,500 
M/ 5,000 
M/ 5,000 
l\1/I0,000 
M/10,000 
M/10,000 

M( 2,500 
M( 2,500 
M/ 2,500 
Ml 2,500 
Ml 2,500 
M/10,000 
Mll0,000 
Mll0,000 
l\1/ I0,000 
M/10,0UO 
M/ ~.000 
Ml ,,O<JO 
M( 2,300 
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Table 1 u2. .Azo Compounds as Bacteriostats 
I '-. 

Bacterium 

Staphylococcus aureus 
Dunc:i.n 

Staphyl1Koccus aureus 
pyogcncs 

Staphylococcus albus 
Sh•gdl.t dy,cnteri<te Flexner 
Sh1r,dla <ly5cnh:riac Sonne 
S.1lmonclla typhi 
Salm, >nc lt.t p;tratyphi 
E'chcnch1.t coli communis 
Acr Ph.1ctcr acrogencs 
Prntcu' vulgari, 
p,cudrnnonas pyocyanea 
P5cudomona~ Jluorescens 

Staphylococcus aureus 
Duncan 

Staphylococcus aureus 
pyogcnes 

Staph~ lococcus albus 
Sh1gcl!a dysenteriae Flexner 
Shrgdl:t dysentcn.te Sonne 
S.dmum:lla typlu 
Sa lnwn.:J l,1 p.iratyphi 
[,chcnci11,t cul1cL>mmunis 
Acr.1ba..:tcr acrogcnc5 
Prutcu' vulg.ln' 
l'>cudomonJ" pym:yanea 
J>,cudumon.t> Jluorc,cens 

4-Acetyl­
phenyl-azo­
malonitril 

F/231:! .. 

M/10,000 

M/10,000 
M/ 5,000 / 
M/ 5,000 
M/ 5,000 
M/10,000 

, M/ 5,000 
M/ 1,000 
M/ 1,000 
Mf 1,000 

4-(4'-Acetyl­
phenyl-azo)-

3-methyl­
pyrazolon(5)­
yl-l-am1din­

ammo· 
guanidon 

dihydrochlorid 
F/2331 

M/ 5,000 

M/ 5,000 
M/ 2,500 

4-Acetyl­
phenyl-azo­
malomtril­

semicarbazon 

F/2318 

M/ 2,500 

M/ 2,500 
M/ 2,500 
M/ 2,500 
M/ 1,000 
M/ 2,500 
M/ 1,000 
M/ 1,000 

4-Phenyl-azo-
3,5-dimethyl­
pyrazolyl-1 • 

amid in 
hydrochlorid 

F/2344 

M/ 5,000 

M/ 2,500 
Ml 5.000 
M/ 2,500 
M/ 1,000 
M/ 1,000 
M/ 1,000 
M/ 1,000 

4-Acetyl­
phenyl-azo­
malonitril­

oxym 

F/2321 

M/ l 000 

M/ 1,000 
(M/1000) 
M/ 1,000 

4-(3' • Tolyl­
azo)-3,5· 
dimethyl· 

pyrawlyl-1-
amidin 

hydrochlorid 

F/2345 

M/ 5,000 

M/ 5,000 
Ml 5.000 
M/ 2;soo 
M/ 1,000 
M/ 1,000 
M/ 1,000 
M/ 1,000 

4-Acetyl­
phenyl-azo­
malonitril­

phenyl­
hydrnzon 

F/2322 

M/10,000 

M/10,000 
M/ 5,000 
Ml 5,000 
Ml 2,500 
M/ 5,000 
M/ 1,000 
M/ 1,000 
M/ 1,000 
M/ 1,000 

4-(4'-Tolyl· 
azo)-3,5-
dimcthyl­

pyrazolyl-l­
am1din 

hydrochlorid 

F/2J41i 

M/10,000 

M/10,000 
M/10,000 
M/ 2,500 
M/ 1,000 
M/ 1,000 
M/ 1,000 
M/ 1,000 

4-Acetyl­
phenyl-azo­
malonitril­
sahzyloyl- , 
hydrazon ' 

F/2323 

M/ 5,000 

M/ 5,000 
Ml 5,000 
M/ 2,500 
Mf 2,500 
M/ 2,500 

4-(3'-Chlor· 
phenyl-azo)-

3,5-dimcthyl­
pyrazolyl-1-

amidin 
hydrochlorid 

F/2347 

Mll0,000 

M/10 000 
M/10,000 
M/ 2,500 

(M/1000) 
(M/1000) 
(M/1000) 

4-Acetyl­
phenyl-azo­
malonitril­

isomkotinoyl­
hydrazon \ 

F/2324 

M/ 2,500 

M/ 2,500 
(M/1000) 
M/ 1,000 

4-(4'-Chlor­
phenyl-azo)-

3,5-dimcthyl­
pyrazolyl-1-

a nu din 
hydwchlorid 

F/2348 

M/10,000 

M/10,000 
MI 10 fl()() 

M/-2:500 
Ml 1,000 
M/ 1,000 
Ml 1,000 
Ml 1,000 

4-Acetyl­
phcnyl-azo­

cyane,,ig~aure­
mcthyl-cster­

amino­
guanidon 

hydrochlorid 
F/2328 

M/ 2,500 

M/ 2,500 
M/ 1,000 
M/ 1,000 

4-(4'-Tolyl· 
azo)-3,5-

dimcthyl­
pyrazolyl-1-
thiocarbor· 
siiure;unid 

F/23'j6 

4-(4'-Acetyl­
phenyl-azo)-
3,5-dimethyl-~ 

pyrazolyl-
1-amidin­

aminoguanidon 
dihydrochlorid 

F/2330 

M/10,000 

M/10,000 
M/10,000 

4-(3' -Chlor­
phcnyl-azo )-

3,5-d1mcthyl­
pyr:izolyl-l­
thiocarbL>n· 
siiurcamid 

F/235"' 

M/ 2,500 • M/ 2,500 

M/ 2,500 M/ 2,500 
MI "> <;()() ••&t _,_, ........ Ml "> ~N'I 

.~,., -,- vv 

Tables 142-143 reprinted with permission from Bic~hem. !'harmacol. 14:1325-136~ (1Y6~). 
Copyright by Pergamon Press Ltd. 
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Staphyloct1ccus aureus Duncan 
Staph~ lococcus aurcus 'pyogenes 
St:J)'hylocrn.:cus albus 
Sh1gd:a dyscntcna..: Flexner 
Shied la dv;cntcnac Sonne 
Sal;'1<'11Cil:l typhi 
S.1h11<>ndl.l par.ttyphi 
E;-d1cnd1ia etili ct1111111unis 
A' .. 'ft 1 b~tclcr acrog:cncs 
Pruter" vtilg.1ri~ 
P'cudnnrnna~ pyocyanca 
P":ud, im·.inas Jluon:sccns 

/ 

TAb1e 1h2. Continued 
4-( 4 '-Chlor­
phcny 1-azo )-
3,5-Ji01cthyl-

pyrazolyl­
tluoc.trbon­
silurcam id 

F/2358 

M/ 2,500 
M/ 2,500 
M/ 2,500 

4-Chlor­
bcnzal­

ma!onitril 

F/2371 

Benzyl-brom­
malonitril 

F/2398 

4-Chlor- Benzyl-
benzyl-brom- malonitril (als 

malonitril Ausgango;stoff) 

F/2399 

M/ 1,000 
M/ 1,000 
M/ 1,000 
M/ 1,000 
M/ 1,000 
M( 1,000 

4-Chlor- Phenyl-
bcnzyl- malonitril (als 

malonitril (als Ausg;mgo;stoff) 
Ausgangsstoff) 

M/ l ,000 
M/ 1,000 
M/ 1,000 
M/ 2,500 
M/ 2,500 
M/ 2,500 
M/ 2,500 
M/ 2,500 
M/ 1,000 
Ml l ,000 
M/ 1,000 
M/ 1,000 



T~ble 143. Azo Compounds as Tuberculostats 

1. Aryl-azo-Derivate von Alkyl- und Aralkyl-malonitrilen 
F/2279 Phenyl-azo-methyl-malonitril 
F/2280 2-Tolyl-azo-mcthyl-malonitril 
F/2281 3-Tolyl-azo-mcthyl-malonitril 
F/2232 4-Tolyl-a:w-mcthyl-m.1lon1tnl 
F/2283 2-Chlor-rhcny!-aw-mcthyl-malonitril 
F/2284 3-Chlor-rhcnyl-aw-mcthyl-malonitril 
F12885 4-Chl,1r-phcnyi-aw-mdhyl-malonttril 
F12286 4-Aclho,y-phcnyl-aw-m.:thyl-malonitril 
F/2::!87 Phcnykt111-acthyl-m.tln11itnl 
F /228~ 2-Tt>iyl-aLo-aethyl-m.tiornlril 
F /228') 3-Ttil) !-aw-act hyl-m.tlt>nt t ril 
F/22•JO 4-·1 olyl-.v•>-acthyl-mal"nilnl 
F;229 I 2-Chlor-phcnyl-~ll•>-acl hyl-malonitril 
F /2292 3-Ch 111r-rl1cnyl-,1.w-actl1yl-malonit ril 
F /2293 4-Cli lor-phcnyl-.tlo-acthyl-malonttril 
F/2294 4-Actlll 1xy-phcnyl-azo-.tcl hyl-malonitril 
F ·2295 Phrnyktl<>-hcruyl-m.t!t 1mtnl 
F, 2296 2-·1 ol} J-aL11-bcrllyl-11Hl• 1mt ril 
J-(2297 3.·1 olyl-aLO-hcr11:yl-mal"r11tril 
f- '22'J~ 4-rolyl-a1"-hcr11yl-rnalon1t1 d 
I· 22'J'J 2-Cl i lur-phrnyl-Mtl-hc ruyl -malonitril 
I· /2100 3-( hltlr -phrn y l-:111 •-bl rl/y 1-rnalonitril 
I-; 23() I 4-( ·111, •r-phcnyl-a1<1-hcr11y 1-malonitril 
F/2102 l'hcnyl-a111-(4' -d 1 lor-hcn1yl)-nw.lonitril 
F/2103 3-l olyl-am-(4'-c.lrlor-hcn1yl)-malonitril 
F/2304 4-Toly 1-~vo-( 4' -d 1 lor-hc111y I )-malon1tril 
F /2305 2-Chlor-p hcnyl-azo-( 4' -ch lor-bcnzyl)-malonitri I 
F /2306 3-Chlor-phcnyi-azo-(4'-chlor-bcnzyl)- malonitril 
f 12307 4-Chlor-phcny l-azo-( 4' -chlor-benzyl)-malonitril 
' 

2. Aryl~azo-benwyl-acctone 
F/2308 Phcnyl-a7t'·bcnzoyl-accton 
F/2309 3-Tolyl-azo-bcnzoyku.:cton 
F /23 I 0 4-Tolyl-,lf"·bcnzoyl-accton 
F/23 l I 3-Chlor-phcnyl-azo-bcnzoyl-aceton 
F/2312 ~· · 4-Chlor-phcnyi-alll-bcnniyl-aceton 

' 3. 4-Acetyl-phcnyi-<uo-Dcrivatc von "aktive Methylen-Gruppe" enthalten-
dcn Verbmdungcn. 

F /2313 4-Acctyl-phcnyl-aw-ma lonitnl 
F /2314 4-Acctyl-phcnyl-azo-cyanc'~ig~iiure-methyl-este1 
F/2315 4-Acctyl-phcnyl-azo-cyanacctwnid 
F/2316 4-Acctyl-phcnyl-azo-acctyhtcclon 
F/2317 4-Acctyl-phenyl-azo-accte~~igc~tcr 

4. Mit Karbonyl-Reagentlen gcbildetc Dcnvate von 4-Acetyl-phenyl-azo-
methylen-Gruppc cnthaltcndcn Vcrhimlungen 

F/2318 4-Acctyl-phcnyl-aw-malomt rrl-scmicarbon 
F/2319 4-Acctyl-phcnyl-ato-m.1lon1tril-thimcmicarbazon 
F/2320 4-Acctyl-phcnyl-;1w-malonttnl-aminoguanidon hydrochlorid 

· F/2321 4-Acctyl-phcnyl-ato-malonitril-oxym 
F/2322 4-Acctyl-phcnyl-;m1-malon1tril-phcnyl-hydrazon 
F /2323 4-/\ccty 1-phcny 1-aLO-ma loni t ri 1-sal izyloyi-hyd razon 
F / 2324 4-Acctyl-phcnyl-aw-malonit n l-1~ontkot inoy I· hydrazon 
F/232S 4-Acctyl-phcnyl-azo-malonitril-azin 

F /2326 4-Accty l-phcnyl-azo-cyancssigsilure-mcthyl-csteMem1carbazon 
F/2327 4-Acctyl-phcnyl-azo-cy;mc~~ig~iiurc-mcthyl-cster-thioscmi-

carbar.on 
F/2328 4-Acctyl-pl1cnyl-azo-cyancs~igsiiurc-mcthyl-cstcr-amino-

guanidon hy~lrochlorid 
F /2329 4-( 4' -A1:ctyl-phcnyl-azo )-3 ,5dimct hyl-pyruolyl-1-t hiocarbon-

~iiur<:amid-t h 1t ·~cmicarbazon 
F/2330 4-(4'-A-:etyl-phcnyktlll)-3,5-d1methyl-pyrazolyl-!-amidi11· 

'11111JHJguanidon d1hydr<>chlorid 
F /2331 4-(4' -Ac.:ctyl-phcnyl-a..:o )·3-mcl hyl-pyrazolon-(5)-yl-1-amidin-

aminog,ua111don d1hydrud1lond 

208 

Ml 2,500 
M/ 2,500 
M/ S,000 
l'vl/ 5,0llO 
M/ 2,500 
M/ 5,000 
M/ 5,ooo 
M/10,000 
!VI/ 5,000 
M/ 5,000 
M/ 5,000 
M/ 5,000 
M/ 2,500 
M/ 5,000 
M/ 5,000 
M/10,000 
M/ 5,000 
M/ 5,000 
M/10,000 
M/10,000 
M/10,000 
M / lll,000 
M/ 10,000 
M/10,000 
M/25,000 
M/25,000 
M/10,000 
M/10,000 
M/10,000 

M/ 5,000 
M/ 5,000 
M/ 5,000 
M/ 5,UOD 
M/10,000 

M/25,000 
M/ 1,000 

M/ 1,000 , 
M/ 2,500 , 

M/25,000 
M/25,000 
M/10,000 
M/ 5,000 
M/25,000 
M/10,000 
M/1,250,000 
M/10,000 

M/25,000 

M/ S,000 

M/10,000 

M/100,000 

M/25,000 

M/10,000 



Table 143. Continued 

S. Mit Hydrazin gcbt!ddc Derivate von Aryl-azo-methylcn-Gruppe 
enthaltcmkn Vcrb1ndungcn 

F/2332 4-Phcnyl-azo-3,5-dia.mino-pyra.zol 
F/2333 4-(..\' -T olyl-aw)-3,5-di.tmi1w-pymzol 
F/2334 4-( 4' -Chlor-phcnyl-az,i-)3,5-d1amino-pyrazol 
F/2335 4-PhcnykmJ-3,5-duncthyl-pyrazol 
F /2336 4-( 4' -T< 1ly 1-azo )-3,5-dnm:t hy!-pyrazol 
F/2.13 7 4-('4' -Chl<ir-phcnyk1i'o )-3, 5-d imcthyl-pyrazol 
F / 2338 4-Phcny l-aw-3-amino-pyi awlon-(5) 
F /2 '39 4-( 4' -Toly l-az,1)-3-amino-pyr .1wlon-(5) 
F/2340 4·( 4' -Chlor-phcnyl-at.D )-3-ammo-pyrazolon-(5) 
F /2341 4-l'hcnyl-aL0-3-methyl-pyrazulon-(5) 
F/23.+2 4-(4' -·1 olyl-azo)-3-ml!thyl-pyrazol,m-(5) 
F/2143 4-(4' -Ch lur-phcny I-at•.) )-3-mi:thyl-pyrazolon-(5) 

6. Mit-Aminoguan1d111-hydrochlorid gcbildctc Kondcnsationsprodukte 
von Aryl-;120-acctylacctoncn um! Aryl-azo-acctessigcstem. 

F/2344 4-Phcnyl-a.zo-3,5-dimcthyl-pry;120Jyl-l-amidin hydrc.chlorid 
F/2345 4-(3' -Tolyl-azo)-3,5-d1mcthyl-l-amidin hydrochlorid 
F /2346 4-( 4' -Tolyl-azo )-3,5-dimct hyl-pyrnzolyl-1-amidin hydrochlorid 
F /234 7 4-(3' -Cl1lt ir-phrnyl-aw)-3,5-d1mct hyl-pyrawlyl-1-amidin 

F/2348 

F/2349 

F/23SO 

F/2351 

p2352 

F/2353 

hydrod1lorid 
4-( 4' -('hi< 1r-phcnyl-aw)-3,5-dimcthyl-pyrarnlyl· I -amid in 

hydrrn:hloriJ 
4-l'hcny 1-.vo-3-mcthyl-pyr;uolon-(5 )-yl-1-amiJ in hyd rochlorid 

4-(3'-Tolyli-azo)-3-methyl-pyrazolon-(5)-yl-1-amidin hydro­
chlorid 

4-( 4' -Tolyl-azo )·3-methyl-pyrazolon-(5)-yl-1-amidin hyd.o­
chlurid 

4-( 3' -Ch lor-pheny 1-azo )·3-methyl-pyrnzolon-(5)-yl-1-arnidin 
hydrod1lorid 

4-( 4' -Ch I( ir -phcnyl-azo )·3-mcthyl-pyrazolon-(5)-y1-l-m nid in 
hydro-.hlorid , 

7. Mit Thiosemicarbazid gcbildcte Kondcnsationsproduktc von Ary:-azo-
acetylacctoncn. 

F/2354 - . 4-Phcnyl-azo-3,5-dimcthyl-pyrnwlyl-l-thiocarbonsaurcamid 
F/2355 ' 4-{3' • T n\yl-azo )-3,5-dimcthyl-pyrazolyl-1-thiocarbonsiiurcamid 
F /2356 4-( 4' • T olyl-azo )-3 ,5-dimcthyl-pyrazolyl-1-thiocarbonsilurcamid 
F /235 7 4-( 4 '-Ch I or-phenyl-aw )-3,S-dimethyl-pyrazolyl-l-thiocarbon-

siiu rcam id 
F /2558 4-( 4' -Ch lor-phcnyl-azo )-3,5-dimethyl-pyrazolyl-o-thiocarbon-

sii urcamid 

8. Verschiedenc andcrc Azo-Verbindungen 
F/2359 4-Tolyl-azo-nitromethan ( = Nitro-formaldehyd-4-tolyl-

F/2360 

F/2361 
F/2362 
F/2363 
F/2364 
F/2365 
F/2366 
F/2367 
F/2368 
F/2369 

hydra70n) 
4-Chlor-phcnyl-azo-nitromethan ( = Nitro-formaldehyd-4-

chlor-phcnyl-hydrazon) 
Phcnyl-azo-dicyandiamin 
2-Tolyl-azo-dicyandiamin 
3-Tolyl-azo-d1cyand1amin 
4·Tolyl-azu-dicyand1amin 
2-CJ1l(lr-phcnyl-azo-dicyandiamin 
3-Chlor-phcnyl-azo-clicyandiamin 
4-Chlor-phenyl-azo-dicyandiamin 
2-Acthoxy-phenyl-azo-dicy1mdiamin 
4•Acthoxy·phcnyl-azo-dicyandiamin 
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M/ 2,500 
M/ S,000 

I M/10,000 
M/10,000 
M/I0,000 
M/25,000 
M/10,000 
M/10,0<)0 
M/10,000 
Ml 5,000 
M/10,000 
Ml 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 

M/ 5,000 
M/ 2,500 
M/ 2,500 
M/ 2,500 
M/ 2,500 
M/ 1,000 
M/ 2,500 
M/ 2,.500 

M/ 1,000 
M/J0,000 



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. In order of 

decreasing effectiveness in the salicylic acid series were: 4-chloro, 

4-bromo = 4-iodo = 4-methoxy = 4-carbethoxy, 2-, 3-, o~ 4-methyl, 

3-nitro = no substituent, 4-nitro, 2-nitro. This order in the naphthol 

series was: 4-methyl, 4-methoxy, 2-nitro = 4-carbethcxy = 4-ieido = 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 

'ias been set, azodicarbonamide, 45 ppm in flour. Section III dealt 
I 

with world-wide practices regarding food, drug, and cosmetic uHe of azo 

'.lyes. 

XII. STANDARDS 

No information was found. 

2 l (J 
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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. In the 

case of dyes the "entry" name in the alphabetization was occasionally 

somewhat arbitary. The source of azobisisobutyronitrile and azodicarbo-

namide was Modern Plastics Encyclopedia 1972-73, Vol. 49: No. lOA, 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 
N2010S 3 C20 H14 .3Na 

1302 Red CI 
1508 Red CI 
c.r. 16185 cI 
Acid Amaranth Cl 
Acid Amaranth I er 
Acid Amaranth N CI 
Acid Leather Red !2BW CI 
Acid Leather Rubine S CI 
Aizen Amaranth CI 
Amacld Amaranth CI 
Amaranth MERCK,CI,LC,NF-A,USP,USP-A 
Amaranth A CI 
Amaranth B Cl 
Amaranth B. P .c, CI 
Amaranth s CI 
Amaranth (the d )le) 
Amaranth BPC CI 
Amaranthe CI 
Amaranth Extra CI 
Amaranth Lake CI 
Amaranth S Special Ill Pure er 
Amaranth USP CI 
Amaranth WO CI 
Azo Red R CI 
Azo Rublne S 
S-Azo Rubine 
Azo Rub!ne S.FQ CI 
Azo Rubine Sf CI 
Azo Rub)/ S 
Bordeaux S Extra Cone. A.Export CI 
Bordeaux S Extra Pure A Cl 
Ca~acert Amaranth Cl 
Certicol Amaranth S er 
Cl!efa Ruhlnc 28 CI 
C.I. Acid Red 27 Cr 
C.I, Acid Red 27 9 trisodium salt 
c. r. food Red 9 er 
Dalshll<i Amaranth CI 
Dolkwel Afllaranth CI 
Dye FOC rrd 2 CARF 
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Amaranth cont. 
Edicol Supra Amaranth A CI 
Eurocert Amaranth CI 
FD and C Red No, 2 MFRCK,CI,LC 
FD and C Red No, 2-Alumlnum Lake CI 
rood Red 2 CI 
Fruit Red A Geigy CI 
HD Amdranth B CI 
HD Amaranth Supra CI 
Hexacert Red No, 2 CI 
Hexacol Amaranth B Extra CI 
Hldacld Amaranth CI 
Hl5p~c!d Red AM CI 
2-Hydroxy-l,I'-azonaphthalene-3,6,4'-trisultonic acid trisodl~m salt 
Java Amaranth Cl 
K&yaku Amaranth CI 
Kayaku Food Colour Red No. 2 Ct 
KCA Foodcol Amaranth A CI 
Kl ton Rublne S CI 
Llssamine Amaranth AC CI 
Maple Amaranth Cl 
2,7-NaphthalPnedlsulfonlc acid, 3-hydroxy-4-[(4-sulfo-l-naphthyl)azo) 

-, trisodium salt 
Naphtha! Red B Cl 
Naphthol Red S CI 
Naphtha! Red S Cone. Specially Pure CI 
Naphtha! Red LZS CI 
Naphtha! Red SI CI 
Naphthol Red S Specially Purr CI 
Neklacld Red A CI 
Rakuto Amaranth CI 
Raspberry Red for Jellies CI 
San-el Amaranth CI 
Shlklso Amaranth Cl 
Solar Red D CI 
l-(4-Sulfo-l-naphthwlazo)-2-naphthol-3,6-dlsulfonic acid trlrod!um 

salt CAfff 
Takaoka Amaranth CI 
Tertracid Red A CI 
Toyo Amaranth CI 
Trisodium salt of l-(4-sulfo-1-naphthylazo)-2-naphthol-3,6-dlsulfonic 

acid MERCK 
Usac('rt Red No. 2 CI 
Victor! a Aubine 0 CI 
Victoria Rublne 0 tor Food CI 
Whortleberry Red CI 
Wool Bordeau>< 6RK Cl 
Wool Red 40F CI 

Aminoazobenzene 
N,C u!H t l 

c. I. 11000 CI 
Aalnoazobenzene tI 
p-Amlnoazobenzene MERCK 
4-Amlnoazobenzene 
Amlnoazobenzene (Indicator) Cl 
p-Aml noazobenzo I 
4-Aml noazobenzol 
p-Amlnod!phenyllmlde 
Aniline, p-(phenylazo)- CI 
Aniline Yellow CI 
Azobenzene, 4-amino-
4-Benzeneazoani l 1 ne 
Brasllazlna Oil Yellow G CI 
Cellita~ol R CI 
Cere5 Yellow R CI 
C,I, Solvent Blue 7 Cl 
C.I. Solvent Yellow 1 CI 
rast Spirit Yellow CI 
fat Yellow AAB CI 
lnduline R CI 
011 Yellow AAB CI 
Oil Yellow AB Cl 
0 I I Ye I I ow AN CI 
Organol Yellow 2A CI 
p-(Phenylazo)nnlllne 
p-PhenylazophAnyla•lne 
Do•alla Yellow ?.G r.1 
n~d•n Ywllaw ~ ~I 

2J2 



o-Aminoazotoluene 
"9CuK1s 

C. I. 11160 CI 
C.I. 111608 CI 
~lnoazotoluene CI 
o-A•fnoazotoluene MERCK 
a-Alllno-5-azotoluene 
4-A•lno-2•,J-dlmethylazobenzene _,,. 
lraeflazlna Oil Yellow R CI 
C.I. Solvent Yellow 3 CI 
z•.3--Dlmethyl-4-amlnoazobenzene 
Feet Garnet GBC ba9e 
Feet Yellow AT CI 
Fat Yellow B CI 
Hldaco Oil Yellow CI 
OAAT 
Of l Yellow CI 
OflYellowC CI 
Oil Yellow I CI 
Oil Yellow 2R CI 
011 Yellow 21 CI 
Oil Yellow 2681 CI 
Oil Yellow AT CI 
Dr9anol Yellow 2T CI 
s .. alla Yellow R CI 
Slldan Ye I I ow RRA CI 
Toluazotoluldlne 
•-Toluldlne, 4-(o-tolv-lazo)- CI 
4-(o-Tolvl•zo)-o-toluldln• 
Tulabase Fast Garnet GB CI 
Twle~aae Feat Garnet GBC CI 

l 

C.I. Solvent Yellow 3 

HUE Yellow 

Aminoazotoluene 

Aminoazotoluene (indicator) 
Brasilazina Oil Yellow R 
Fast Oil Yellow ... 
Fast Spirit Yellow 
FatYellowB 
Fast Yellow AT 
Oil Yellow 
Oil Yellow I 
Oil Yellow 21 
Oil Yellow 2681 
Oil Yellow AT 
Oil Yellow C 
Oil Yellow ZR 
Oil YellowT 
Oil YellowT 
Oreanol Yellow 2T 
Somalia YellowR 
81IClaa Yellow RRA 
WuakolYeU.WNL 
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Azobenzene 

NzC12H10 
Azobenzene MERCK,PI,fCH,GCUCP 
Azobenzlde GCUCP,PI 
Azobenzol PI,HERCK 
Benzene, azodl­
Benzeneazobenzene MERCK 
Dlphenyldllmlde PI,GCUCP 

Azobisisobutyronitrile 

Ficel AZDN-FF 

Nitrocel 

Poly-Zole AZDN-FF 

Porof or N 

vazo 

Azodicarbonamide 

Azobisformamide,1,1'­

Azocel 

Celogen AZ 

Ficel AC 

Kemp ore 

Porofor ADC 

Vinyfor AC 
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Black PN 
Ns0 14S 4 C28 H2 1•4Na 

1743 Black CI 
C. I. 2 844 0 CI 
'!ll ack PN Cl 
Blue Black BN CI 
Brillant Black BN 
Brilliant Acid Black BNA Export CI 
Brilliant Acid Black BN Extra Pure A 
Brilliant Black 
Brilliant Black A 
Brilliant Black BN 
Brilliant Black N.fQ 
Brilliant Black NAf 
Certlcol Black PNW 
Cllefa Black B CI 

CI 
CI 

Cl 

Cl 

C.J. Food Black 1, tetra•odlu• salt 
f.dlcol Supra Black BN Cl 
Hexacol Black PN CI 
l1e l an Black Cl 

CI 

11 7-Napht ha lened l sul tonic ac l d, 4-acet ••I do-S-ll11dro1111-6-{ ( 7-su l fo-4-
( ( p-sultophen11l )azo}-l-11aphtfl11l ]li&o)- 1 tetrasodlu• salt CI 

Tatresodlu• 2-[4-(p-sulfophen11lazo)-?-sulfo-l-naphth11l•zo)-8-aceta•ld• 
o-l-naphthol-3,5-dlsulfoneta 

X11l ene Bl eek r 

Brilliant Black 

N4 013S 4 C30H20•4Na 

CJ 

c. I. 2'/260 CI 
Brilliant black 
C.I. Acid Black 3 
C.I. Acid Black 3, 
Naphthol Black 38 
Tertracld Brilliant 

tetrasodlv• salt 
Cl 
Bleck B Cl 

Brown FK 

C.I. Food Brown 1 

HuE Yellowish Brown 

Edicol Supra Brown OH 
Golden Brown KBS 
Hexacol Brown FK 

Consiats essentially of a mixture of the diaodium 
ult of 4, 4' -(4, 6-diamino-m-phenylenebisazo) 
dibenzenesulfonic acid and the sodium salt of 4-
( 4, 6-diamino-m-tolylazo) benzenesulfonic acid 

CI 



Butter Yellow 

N:11CuH1i1 
C.I. 11020 Cl 
Anl 11 ne, N,N-dlmethyl-p-( phenylazo )­
Azobenzene, p-dlmethylamlno­
Benzen~azodlmethylanll!ne 

Brllllant Fast Oil Yellow CI 
Brilliant Fast Spirit Yellow CI 
Brilliant Oil Yellow CI 
Butter or methyl yellow 
Butter yellow 
Ceraslne Yellow GG CI 
C.I. Solvent Yellow 2 
DAB 

MERCK 

CDF Dlmethylamlnoazobenzene 
Dimethylamlnoazobenzene 
N,N-Dlmethyl-4-amlnoazobenzene 
p-Dlmethylamlnoazobenzene MERCK 
4-Dlmethylamlnoazobenzene 
4-( N, N-D I methyl ami 110 )a zobenzene 
4-Dlmethylaminoazobcnzol 
4-Dlmethylamlnophcnylazobenzene 
N,N-Dlmethyl-p-phenylazoanlline 
Dimethyl Yellow CI 
DMAB 
En I al Yellow 2G 
Fast Oil Yellow B 
Fat Yellow Cl 
Fat Yellow A CI 
Fat Yellow R CI 
Fat Yet low AD 00 
Fat Yellow ES Cl 

CI 
CI 

CI 

Fat Yellow ES Extra CI 
Fat Yellow extra cone 
Grasal Brilliant Yellow 
Methyl 11ellow 
01 l Ye 11 ow CI 
Oil Yellow D Cl 
Oil Yellow G CI 
Oil Yellow 2G Cl 
Oil Yellow 20 CI 
011 Ye! low 2625 Cl 
Oil Yellow BB Cl 
Oil Yellow FN Cl 
Oil Yellow GG er 
Oil Yellow GR CI 
Oil Yellow II CI 
Oil Yellow PEL CI 
Olea! Yellow 2G CI 

CI 
CI 

Cl 
CI 

Organol Yellow ADM 
Orient 011 Yellow GG 
Petrol Yellow WT CI 
Reslnol Yellow GR er 
Sllotras Yellow T2G CI 
Somalia Yellow A CI 
Stear Yellow JB Cl 
Sudan Yellow GG CI 
Sudan Yellow GGA CI 
Toyo Oil Yellow G CI 
Waxollne Yellow AOS 
Yellow G Soluble ln Greaee CI 

C.I. Solvent Yellow 2 

HuE Yellow~Reddish Yellow 

Brilliant Fast Oil Yellow 
Brilliant Fast Spirit Yellow 
Brilliant Oil Yellow 
Cerasine Yellow GG 
Dimethyl Yellow 

2J(, 



Butter Yellow cont. 

Faat Oil Yellow B 
Fat Yellow 
Fat Yellow extra cone .... 
Fat Yellow A 
Fat Yellow AD 00 
Fat Yellow ES extra 
FatYellowR 
Fat Yellow R (8186) 
Grasal Brilliant Yellow ... 
Oil Yellow 

Oil Yellow 20 
Oil Yellow 2625 
Oil Yellow 7463 
Oil Yellow II 
Oil Yellow BB 
Oil YellowD 
Oil Yellow DN 
Oil Yellow FN 
Oil Yellow G 
Oil Yellow 2G 
Oil Yellow GG 
Oil Yellow GR 
Oil YellowN 
Organol Yellow ADM 
Petrol Yellow WT 
Somalia Yellow A 
Stear Yellow JB ... 
Sudan Yellow GG 
Sudan Yellow GG 
Sudan Yellow GGA 
Waxoline Yellow AD 
Yellow G Soluble in Grease 

~hrysoidine Base 

N 4 CuH 1 z 
Chl'V!!Oldlne 
Cnrvsoldlne Base CI 
Chrysoldlne Base A CI 
Chrysoldlne Base B CI 
Chrysoldlne G Base CI 
Chryqoldlne J Base Cl 
Chrysoldlne Y Base CI 
Chrysoidine Y Base New CI 
Chrysoldlne YO Base CI 
C. I. Bas I c Orange 2 
C. I. Basic Orange 2, free base CI 
C.I. Solvent Orange 3 CI 
C.I. Solvent Orange 34 CI 
2 1 4-Dla~lnoazobenzene 
Fat Brown GG CI 
Grasan Chrysoldlne CI 
Waxol\ne Orange Y CI 

237 



Chrysoidine R 
N4C1zH12·HCl 

C.I. Basic Orange 1 

HUll Dull Yellowish Orange 
ARTIFICl.'\L LIGHT: brighter 

Bra11ilazina Orange 3R .. . 
Calcozine Orange RS .. . 
Chrysoidine R 
Chrysoidine R (Biological stain and 

indicator) 
Chrysoid.ine RN ... 
Chrysoidine 3R 
<.:b.ry1widine 3RN 
Chrysoidine RPL 
Chrysoidine RRS 
Chrysoidine RS .. . 
Chrysoidine RS .. . 
Diazocard Chrysoidine R 
Pure Chrysoidine RD ... 
Terlrophene Brown CR. .. 

Chrysoidine Y Special 
Ns06SC29H19•Na2 

C.I. Basic Orange 2 

HUB Yellowish Orange-+Orange 
ARTIFICIAL LIGHT: Bnghter 

Brasilazina Orange Y 
Calcozine Orange YS 
Chrysoidine 
Chrysoidine 
Chrysoidine A 
Chrysoidine B 
Chrysoidine G 
Chrysoidine GN ... 

Chrysoidine GS .. . 
Chrysoidine HR .. . 
Chrysoidine J 
Chrysoidine J 
Chrysoidine M, PRL 4' PRR ... 
Chrysoidine SL 
Chrysoidine SS 
Chrysoidine Y 
Chrysoidine Y Base New 
Chrysoidine Y Special (Biological stai11 

and indicator) 
Chrysoidine YL 
Diazocard Chcysoidine G 
Leather Orange HR 
Nippon Kagaku Chrysoidine 
Pure Chrysoidine YD ... 
Sugai Chrysoidine 
Tertrophene Brown CG .. 



Coccine 

N2D10S3C20H 1 t•3Na 
15'18 R<'d CI 
C. I. 16255 CI 
Acldal Bright Ponceau 3R CI 
:Acid Brilliant Scarlet 3R CI 
Acid Ponceau 4R CI 
Acid Red 18 CI 
Acid Scarlet 3R CI 
Acid Scarlet 3RZ CI 
Acid Scarlet 4R CJ 
Acllan Scarlet V3R CI 
Alzen Brilliant Scarlet 3RH CI 
Atul Acid Scarlet 3R CI 
Atul Scarlet F CI 
Brilliant Ponceau 3R CI 
Brilliant Ponceau 3RF CI 
Brilliant Ponccau 4R CI 
Brilliant Ponceau 4RC CI 
Brilliant Ponccau SR CI 
Brilliant Ponceau 4RC Specially Pure CI 
Brilliant Scarlet 
Brilliant Scarlet 3R CI 
Brilliant Scarlet 4R CI 
Brilliant Scarlet 3R (Biological stain) CI 
Brilliant Scarlet 3R Cone 
Bucacid Brilliant Scarlet 3R CI 
Calcocid Brilliant Scarlet 3RN CI 
Certlcol Ponceau 4RS CI 
Cile!a Ponceau 4R CI 
Cocclne 
Coccln Red CI 
Cochineal Red ~ CI 
Cochineal Red 4R CI 
Cochineal Red A Specially Pure CI 
Co!acld Ponceau 4R CI 
c.r. Acid Red 18 CI,MERCK 
C.I. Acid Red 18, trisodium salt 
C.I. Food Red 7 CI 
Curo! Bright Red 4R CI 
D,d.,hlki lldlll~nt Scarlet 3R CI 
Edicol Supra Ponceau 4R CI 
Eurocert Cochineal Red A CI 
Fenazo Scarlet 3R CJ 
Food Red 6 CI 
Food Rt!d 7 Cl 
HD Ponceau 4R CI 
HU Ponceau 4R Supra CI 
Hexacol Ponceau 4R CI 
Hldacid fast Scarlet 3R CI 
Hlspacld Rrilllant Scarlet 3RF 
Java Scarlet 3R CI 
Kayaku Acid Brilliant Scarlet 3R 
Kayaku food Colour Red No. 102 
Klton Scarlet 4R CI 
Kochlneal Red A for food CI 

CI 

CI 
CI 

1,3-Naphthalenedlsultonlc acid, 7-hydroxy-8-((4-sulro-1-naphthyl)ezo] 
-, trisodlu111 salt 

Naphthalene Ink Sca~let 4R 
Naphthalene Scarlet 4R CI 
Naphthalene Scarlet 4RS 
Neklacld Red 3R CI 
Ncklacld Red 4R CI 
New Coccln Cl 
~Jev Cocclne Cl 

CI 

New Cocelne Extra Cone. A Export 
New Cocclne Extra Pure A CI 
Ponceau 3R CI 
Ponceau 4R Cl 
Ponccau 4RE 
Ponceau 4RF 
Poneeau 4RT 

CI 
CI 
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Coccine cont. 

Ponr~au 4R Aluminum Lake CI 
Ponceau 4RE.FQ CI 
Pontacyl Scarlet RR CI 
Purple Red CI 
Rakuto Rrilllant Scarlet 3R CI 
San-el Brilliant Scarlet 3R CI 
Searl et 4R CI 
Scarlet 4RA CI 
Stra~berry Red A Geigy CI 
Sugai Brilliant Scarlet 3R CI 
Symulon Acid Brilliant Scarlet 3R CI 
Takaoka Brilliant Scarlet 3R CI 
Tl' !sod I um 1-( 4-su I fo-1-na ph th yl a zo )-2-naph tho I ·-6, 8-di su I fonat e 
Victoria Scarlet 3R 
Vlctol'ia Scarlet Red 

Congo Red 

N6 0 6 S,C 32 H2 •• 2Na 
C.I. 22120 CI 
Athntlc Congo Red 
Atul Conqo Red CI 
At.ocal'd Red Congo 
llenzo Congo Red CI 
Bras I I t1ml na Congo 4 B 
C. I. Direct Red 28 

CI 

CI 

CI 
CI 

c. 1. [l t re ct ~ed 28, d I sodium 
Congo red CDr 
Congo Red MERCK ,Cl 
Congo Red H CI 
Congo Red L CI 
Congo Red M CI 
Congo Red N CI 
Congo Red R CI 
Conqo Red ... CI 
Congo R<"d 4B Cl 
Congo Red 4B X CI 
Congo Red CR CI 
Congo Red ICI Cl 
Congo Red RS CI 
Cotton Red L Cl 
Cot ton Red 4 BC CI 
Cotton Red SB CI 
Dlacotton Congo Red 
Direct Red C Cl 
Direct Red K CI 
Direct Red 28 CI 
Direct Red DC-Cf CI 
Erle Congo 4B Cl 
Hispamln Congo 4B CI 
Kayaku Congo Red CI 
Mitsui Congo Red CI 

CI 

salt 

1-Naphthalenesulfonic acid, 3,3 1 -[4,4'-blphenylenebls(azo)) 
bls[4-amlno-, dlsodlum salt 

Peeramlne Congo Red CI 
Sodium diphenyldiazo-bls-«-naphthylamlnesulfonate 
Sugai Congo Red CI 
Tertrodlrect Red C 
Tl'lsulfon Congo Red 
Vondacel Red CL CI 

CI 
CI 
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Evans Blue 

N•01 4 S 4 C34 H21•4Na 
T 1824 MERCK 
C. I. 23660 CI 
Azovan Blue 
4,4'-Bls(7-(1-amlno-8-hydroxy-2,4-dlsulfo}naphthylazo]-3,3 1 -bitolyl 

tetrasodium salt MERCK 
C. I. DI rect Blue 53 CI 
C.I. Direct Blue 53, tetrasodium salt 
Dlazol Pure Blue BF CI 
Dye evens blue CARF 
Evans Blue USP,ADI,MERCK,USP-A 
Evans Blue dye 
1,3-Naphthalenedlsulfonic acid, 6,6 1 -((3,3 1 -dimethyl-4,4'-blphenylyle= 

ne)bls{azo)]bls[4-amino-5-hydroxy-, tetrasodium salt 

3'-Methyl-4-dimethylaminoazobenzene 

N3C15H17 
An I I I ne , N , N - d I me t h y 1- p-{ m- to I y I a zo )­
An I 11 ne, N,N-dlmethyl-4-(m-tolylazo)-
3'M-DAB 

3'Methyl-DAB 
4-{ N, N-D I 11et hy I a ml no )-3 1 -me th yla zobenzene 
4-Dlmethylamino-3'-methylazobenzene CDF 
U,N-Dlmethyl-p-(m-tolyl azo)anl l lne 
MDAB CDF 
3 '-MDAB 
3'-Methyl butter yellow 
3 •-Me th yl-4-dhiet hyl am l11oazobenz ene 

Methyl Orange 
N3 0 3 SC 14 H1 s• Na 

C. I. 13025 CI 
Benzenesulronlc acid, p-[(p-(dl111ethyla11ino)phenyl )azo]-, monosodlum 

salt 
C.I. Acid Orange 52, monosodium salt CI 
Enlamethyl Orange CI 
Gold orange MERCK 
Hellanthlne B MERCK 
KCA Methyl Orange CI 
Methyl Orange CI 
Meth11l Orange B CI 
Methyl orange sodium salt HERCK,CI 
Orange Ill MERCK 
Sodium p-dlmethyla111lnoazobenzenesulfonate MERCK 
Tropaeolln D MERCK 

Methyl Red 

N;rOaCasHas 
Benzolc acid, o-([ p-(dlmethyluilno)phenyl )azo)­
c.I. Acid Red 2 
p-(Dl•ethylamlno)azobenzene-o-carboxyllc acid 
_KeU1y 1 red CI 

?l.1 



Neoprontosil 

N•010S3C1eH19•2N4 
B•yer 102 
6-Acetamldo-4-hydroxy-3-((p-aulta•oylphenyl )azoJ-2,?-naphthalenedlsul• 

fonlc acid dlsodlum salt 
Azosulfamlde IECMTN,ADI,MERCK 
Dlsodlum 2-(4•-sulfamylphenylazo)-7-acetamldo-1-hydroxynaphthalene-3,= 

6-dlsulfonate MERCK,IECMTN 
Drometll MERCK 
Leuconeoprontosll 
2 97-Naphthalenedlsulfonlc acid, 6-acetamldo-4-hydroxy-3-((p-sultamoyl= 

phenyl )azo]-, dlsodlum salt 
Neoprontosll ADI,MERCK 
Neoprontosll sodium 
Prontosll S MERCK 
Prontosll Soluble MERCK 
Streptocid Rubrlm 
Streptozon S 
Streptozon II 

Niagara Blue 2B 

N6 0 1 •S•CJ 2 H2 •• 4Na 
Blue 2B CI 

CI 
2BH 
CI 

Cl 
28 

CI 
CI 

CI 

C.I. 22610 CI 
Airedale Blue 2BD 
Alzen Direct Bl,ue 
Amen! I Blue 2BX 
Atlantic Blue 2B 
Atul Direct Blue 
Azocard Blue 28 
Azomlne Blue 2!J 
Belamlne Blue 28 
Bencldal Blue 2B 
Benzanll Blue 2B 
Benzo Blue BBA-CF 
Benzo Blue BBN-Cf 
Benzo Blue GS CI 
Blue 21l salt 

CI 
CI 

CI 
CI 

Cl 

Bras! I dmlna [iliAe 28 CI 
CI 

Cl 
CI 

CI 
28 

CI 

Cl 

CI 

Calco•ine Blue 2B 
Chlor11mlne Blue 28 
Chlorazol Blue B 
Chlorazol Blue BP 
Chrome Leather Blue 
C.J. Direct Blue 6 
C,J, Direct Blue 6, 
Cresotlne Blue 2B 
Diacotton Blue BB 
Dlamlne Blue 28 
Dlamlne Blue BB CI 
Dlaphtamine Blue BB 
Dlazlne Blue 2B CI 
Dlazol Blue ZR CI 
DI phenyl 111 ue M2B 
Dlµher1yl l'lu•· 2B 
Dlphenyl Blue Kr 
Direct Blue A CI 
Dl!"ect fllue K 

tetrasodium salt 
Cl 
er 

CI 
CI 
CI 

Dirert IJ)uP. M2B CI 
Direct Blue 28 CI 
Direct Rlue GS CI 
Enlanll Blue 2BN CI 
Fenamln Blue 2B CI 
Flxanol Blue 28 CI 
Hispamln Blue 2B CI 
Indigo Blue 2B Cl 
K•v•ku Dl!"ect Blue BB 
Mlhul Direct Blue 2BN 

CI 

CI 
CI 



Niagara Blue 2B cont. 

Naphtamine Blue 2B CI 
2,7-Nephthalenedlsulfonlc acid, 3,3 1 -(4 9 4 1 -biphenylylenebis 

(azo)]bis(S-amlno-4-hydroxy-, tetrasodium salt 
Niagara Blue 2B Cl 
Nippon Blue BB Cl 
Paramlne Blue 2B CI 
Phenemlne Blue BB CI 
Pheno Blue 28 CI 
Ponta~lne Blue BB CI 
Tertrodirect Blue 2B Cl 
Vondacel Blue 2B CI 

Niagara Sky Blue 6B 

N6 D16 S4 C, 4 H28 .4Na . 
C.I. 24410 CJ,PI 
Airedale Blue FfD CI 
Amanll Sky Blue 6B CI 
Amanll Sk~ Blue ff CI 
Atlantic Resin fast Blue LLGG CI 
Atlantic Sky Blue 6B CI 
Atlantic Sky Blue Ff CI 
Atul Dlr~ct Sky Blue FB CI 
Azlne Brilliant Blue 68 CI 
Azocard Blue 68 Cl 
Belamfne Sky Blue ff CI 
Benzanll Sky Blue Ff CI 
Benzanll Supra Blue 2GN CI 
Benzo Brilliant Blue 6BS CI 
Brasilamina Sky Blue 6B CI 
Brilltant Benzo Blue 6BA-Cf CI 
Calcodur Blue 6GfL CI 
Calcodur Resin fast Blue 6G Cl 
Calcomine Sky Blue ff CI 
Chicago Blue 68 CI 
Chicago Sky Blue 68 CI 
Chloramine Sky Blue ff CI 
Chlorant!nc fast Blue BSGL Cl 
Chlorazol Sky Blue ff PI,CI 
Chrome Leather Sky Blue GS CI 
C.I. Direct Blue 1 CI 
C.I. Direct Blue 1, tetrasodium salt 
C re sot i ne BI u e 6 B CI 
Dlacotton Sky Blue 6B CI 
Dlaphtamine Blue BS CI 
DiazlnP S~y e!ue rf CI 
Dlazol Pure Blue 6B CI 
Diphenyl Brilliant Blue ff CI 
Direct Blue 6B CI 
Dir~ct Blue 6BS CI 
Direct Blue FF CI 
Dlr~ct Blue FfN CI 
DI rec t 
Direct 
Direct 
Direct 
DI rec t 
DI rec t 
DI rec t 
Dl rec t 
DI rec t 

Bright Blue 
Brilliant Blue ff 
Brl 111 ant Blue MFf 
B r I I l I 11 n t S k y B I ue 
Pure Blue 6B CI 
Pure Blue ff CI 
Sky Blue 68 CI 
Sky Blue 6BS Ct 
Sky Blue ff CJ 

CI 
CI 

6B CI 

Dlrect-Sk~ Blue Green Shade CI 
Direct Skv Blue GS Cl 
Enhnll Brllllant Bli..e rr CI 
fastusol Brilliant Blue L8GU CI 
fenamln Sky Blue 1f CI 
Flxanol Sky Blue ff CI 
Hlspamln S~y Blue 68 CI 



Niagara Sky Blue 6B cont. 

Ink Blue 6B Cl 
Japanol Brilliant Blue 6BKX Cl 
Kayaku Direct Sky Blue 6B CI 
Lumlcre~se Blue 4GL CI 
Lumlcrease Sky Blue 6GUL CI 
Mitsui Direct Brilliant Blue 6B CI 
Naphtamlne Sky Blue DD CI 
Niagara Sky Blue 6B CI 
Nyanza Sky Blue 6B CI 
Paper Blue 68 Cl 
Paramlne Sky Blue FF CI 
Phenamlne Brilliant Blue 6B CI 
Pheno Sky Blue 6BX CI 
Pont~mlne Sky Blue 
Pontamlne Sky Blue 6BX CI 
Pontamlne sky blue 6x 
Pontamlne Sky Blue 6BX Greenish CI 
Pure Sky Blue 6B CI 
Pyrazol Fast Brilliant Blue VP CI 
Shlklso Direct Sky Blue 6B CI 
Sirius Supra Blue 4G CI 
Sky B Jue 68 
Solar Blue 4GL CI 
Tertrodlrect Blue ff 
Vegentlne Blue CSW 
Vondacel Blue ff CI 

N 2 D4 SC 16 H12 .Na 
c.r. 14600 cI 
Acid Leather Orange 
l\cid Orang<' I 
Alzcn Orange I CI 

CI 
CI 

Orange 1 

CI 

Benzenesulfonic acid, p-((4-hydro"y-l-naphthyl )azo]-, sodium stilt 
Certlqual Orange CI 
C.I. Acid Orange ?O 

nye or.,nR•' No. I CARF 
Enla~id Uranqe I CI 
E"t. D and C Orange No. 3 CI 
Hlspacld Oran9c l CI 
Java Oran<]c I CI 
Naphtha l<-nc flrilnge CI 
a-Naphthol oranqe "IERCK 
Neklacld Oranqe 1 CI 
Orange I CI,MERCK 
1333 Orange CI 
OrangP I Extra Cone. A Export CI 
Orange IM CI 
A.•f. Orange No. 1 CI 
SodluM azo-a-naphtholsulfanllate MERCK 
4-p-Sulfophenylazo-l-naphthol monosodlum salt 
Tertracld Orange I CI 
Tropaeolln ODO no. 1 MERCK 

N10 7S2C16 H12 .2Na 
C.I. 16230 Cl 
Acldal fast Orange 
Acid Fas1 Orange G 

CI 
CI 

CI Acid fa•t Orange EGG 
Acid Leather Orange KG 
Acid Leather Orange PGW 
Acid Orange G CI 

Orange G 

CI 
CI 

Acid Orange 2G Cl 
Acid Orange 10 CI 
Acllan Orenge GX CI 
AMacl~ Cry5tal Orange 
Apoc1d Orange ?G CI 

CI 

CARF 



Orange G cont. 

C.I. Acid Orange 10 I 

Acidal Fast Orang. 
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 2G 
Cetil Light Orange GG 
Crystal Orange 2G 
Eniacid Light Orange G 
Erio Fast Orange AS 
Fut Acid Orange G 
F•t Light Orange G 

FaM Light Orange GA-CF 
Fenazo Light Orange 2G 
Hidacid Fast Oranae G ... 
Hispacid Fut Oranae 2G 
Java Onnge 2G ... 
Kitoo Fast Orange G 
Kiton Fast Oranae G 
Leather Orang. GG 
Licht Orange G .. . 
Light Orange G .. . 
Naphthalene Fast Orange 2G ... 
Neklacid Fast Light Orange GG 
Orange G ... 

Orange G (Biological stain) 
Orange G (Indicator) 
Orange G, BPC ... 
OrangeGG 

.Onnge2G 
Solar Light Orange GX 
Tertracid Light Orute G 
Wool Orange ZG 

Di.: 

Xylene FMC~ G ... 

C.I. Food Orange 4 

Acid Light Orange JA ExP<>rt . 
Acid Orange G ... 
Acid Orange GG Cryatala 
Dolkwal Orange G 
He:ucol Orange G 
He:ucol Orange GG CryRala . 
Licht Orange AG Cone. 
OnnfeG ... 
OraqeGG 
Orange GG Specially Pure 



©range RN 

N2 0 4 SC 10,H 12 .Na 
C.I. 15970 Cl 
Ac.dine Orange GN CI 
Acllan Orange G CI 
Acilan Ponceau 4GBL CI 
Amacid Brilliant Orange 
Brilliant Orange CI 
Brilliant Orange G Cl 

CI 

Brilliant Orange GN CI 
Brilliant Orange GN Type 8019 
C.I. Acid Orange 12 CI 
c. I. Acid Orange 12, sodium salt 
C.I. Food Orange l CI 

CI 
CI 
CI 

Croce l ne Orange 
Crocelne Orange Y 
Crocelne Orange 2G 
Crocelne Orange EN 
Croceln Orange CI 
Hello Orange CAG CI 
Hexacol Orange RN CI 
P.lspacid Orange CG CI 
KI ton Brl 11 iant Orange G 
Klton Ponceau 4G CI 
Lutetla Orange 2JR CI 
Honollte Orange C CI 

CI 

CI 

CI 

2-Naphthalenesulfonic acid, 5-hydroxy-5-(phenylazo)-, sodium snit 
Orange G CI 
1008 Orange CI 
Orange G food Grade 
Orange LZS CI 
Orange RN CI 
Ponceau 4G CI 

CI 

Segnale Light Orange GR CI 
SI lot on Orange GR CI 
Tertracld Brilliant Dr~~g~ P4G CI 

Orange SS 

NzOC17H1• 
C. I. 12100 Cl 
C, I, Solvent Orange 2 CI 
Dolkwal Orange SS CI 
Ext. D and C Orange No. 4 CI 
rat Orange II CI 
Fat Orange RR CI 
FD and C Orange No. 2 LC 
Hexacol Oil Orange SS CI 
Lacquer Orange V CI 
2-Naphthol, 1-(o-tolylazo)-
011 Orange OPEL CI 
011 Ora11ge 0' f·EL 
Oil Orange SS CI 
Oil Orange TX CI 
Ole~! Orange SS CI 
A.f, Orange No. 2 CI 

Orange OT• 
Orange 3R Soluble In Grease CI 
Orange SS LC 
Organol Orange 2R CI 
Toluene-2-azonaphthol-2 
l-o-Tolylazo-2-naphthol 

2LG 



Ponceau 2R 

~ 20 7 S2 Ct 8 H 1 6•2Na 
1695 Red CI 
C. I. 16150 Cl 
Acldal Ponceau G CI 
Acid Leather Red P2R CI 
Acid Leather Red KPR CI 
Ac Id Leather Searl et IRW 
Acid Ponccau R CI 
Acid ronr.oau !.RL CI 
Acl<l Puncedu Special 
Acid Red 26 CI 

Acid Sc3rlet 2B CI 
Acid Scarlet 2R CI 
Acld Scarlet 2RL CI 

CI 

Acid Scarlet 2R for Lakes CI 
Acid Scarlet 2R for Lakes Bluish 
Ahcocld Fast Scarlet R CI 
Al zen Ponce au Rr\ CI 
Amacld Lake Scarlet 2R 
Calcocld Scarlet 2R CI 
Calcolake Scarlet 2R CI 
Certicol Ponceau MXS CI 
Colacld Ponceau Special 
c.r. Acid Red 26 CI 

CI 

CI 

c.r. Acid Red 2~, dlsodium salt 
C.I. !ood Red 5 CI 

er 

CI 

Dlsodiu~ (2,4-dlmethylphenylazo)-2-hyd~oxynaphthalene-3,6-disulfondte 
Dlsodlum salt of 1-(2,4-xylylazo)-2-naphthol-3,6-dlsulfonic acid 
Edlcol Supra Ponceau R CI 
f~nazo Scarlet 2R CI 
Hexacol Ponceau ZR CI 
Hexacol Ponceau MX CI 
Hldacid Scarlet 2R CI 
Klton Ponceau R CI 
Klton Ponceau 2R CI 
Kiton Scarlet 2RC CI 
Lake Scarlet R Cl 
Lake Scarlet 2RBN CI 
2,7-Naphthalenedisulfonlc acid, 3-hydroxy-4-(2,4-xylylazo)-, 

dlsodium salt 
Naphthalene Lake Scarlet R 
Naphthalene Scarlet R CI 
Naphthazine Scarlet 2R CI 
Neklacid Red RR CI 
New Ponceau 4R CI 
Paper Red HRR CI 
Pigment Ponceau R 
Ponceau G CI 
Ponceau R CI 
Ponceau 2R Cl,LC 
Ponceau 2RL CI 
Ponceau 2RX CI 

CI 

Ponceau R (Biological stain) 
Ponce au 2R (Biological st aln) 
Ponceau BNA CI 

CI 

CI 
CI 

Ponce au 2R Extra A Export CI 
Ponce au MX CI 
Ponce au PXM CI 
Ponceau Red 
Ponceou Red R 
Ponce au RR CI 
Ponce au RR Type 8019 CI 
Ponce au RS 
Ponce au Xylldine (Biological sta 1 n) 
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Ponceau 2R cont. 

D+C Red No. 5 CI 
Scarlet R CI 
Searl et 2R CI 
Searl et 2RB CI 
Scarlet 2RL Bluish CI 
Searl et llHA er 
Tertracf d Ponceau 2R CI 
Xylldlne Po~ceau CI 
Xyl!dlne red 
l-Xylylazo-2-naphthol-3,o-dlsulfonlc acid 
1-( 2, 4-Xy I YI azo )-2-na ph thol-3 ,6-di sul font~ 

N2 0 7 S2 C19 H19 .2Na 
C.I. 16155 Cl 
C.I. Food Red 6 CI 

Ponceau 3R 

C.I. food Red 6, dlsodlum salt CI 
Dolkwal Ponceau 3R CI 
Ext. D and C Red No. 15 
External D and C Red No. 15 CI 
FD and C Red No. 1 CI, LC 
Maple Ponceau 3R CI 

dlsodlum "alt 
acid dlsod,um salt 

2 9 7-Naphthalenedlsul fonlc acid, 3-hydroxy-4-[( 2,4,5-tr!methylphenirl )s" 
zo]-, disodlum salt CI 

Ponceau 3R M~RCK,CI,LC 
Ponce au 3RN CI 
Ponceau 3R Lake CI 
Sodium cu•eneazo-~-naphthol dlsulronate MERCK 
Usacert Red No. 1 Cl 

N 20 7 S2C 20 H1 •• 2Na 
C.I. 16250 CI 

Ponceau 6R 

Acidal Crystals Ponceau CI 
Acid Leather Ponceau 6R CI 
Acid Ponceau 6R CI 
Acid Red 6A CI 
Colacid Red 6A CI 
C. I. Acid Red 44 
Crystal Ponceau Cl 
Crystal Ponceau M6R CI 
Crystal Ponceau 6R CI 
Crystal Scarlet 6R CI 
Crystal Tertracid Ponceau 6R CI 
1,3-Naphthalenedisulfonic acid, 7-hydroxy-8-(l-naphthylazo)-, disodium 

salt 
Ponceare 6R 
Ponceau 6R Ct 
Ponceau Crlstalllse Extra A Export CI 
Ponceau Crystals 6R Cl 
Ponceau 6R Crystals CI 



Ponceau SX 

M2 0 7 SaC 11 Ha 6 ·2Na 
1306 Red CI 
12101 Red CI 
C.l. 14700 Cl 
Certlcol Fonceau SXS CI 
C.I. food Red 1 CI 
C.1. food Red 1, dlsodlum salt 
Dye FD and C Red No. 4 CARf 
Edlcol Supra Ponceau SX CI 
rn !llld c RPd No. 4 Cl'R,CI 
Food Red 4 CI 
Hexacol Ponceau SX CI 
1-Naphthalenesulronlc acid, 4-hydroxy-3-((6-sutro-2,4-xylyl)azo~ 
Ponceau SX 
2-( 6-Sulfo-2,4-xytylazo)-1-naphthol-4-sultonlc acid, dlsodlum salt 
Usacert Red No. 4 CI 

Prontosil 

NsO;rSCazH11 
Benzenesulfona•lde, p-[(2,4-dlamlnopheftV1)azo)­
Chrysoldlne1 4 1-sulta•ovl-
214-Dlamlnoazobenzene-4'-sultonamlde 
p-[(2 9 4-Dlamlnophenyl )azo)benzenesultonamlde 
Prontosll 
Prontosll red 
Red streptoclde 
Streptoclde MERCK 
Sultachrysoldlne INN, INN-A 
Sulfa111ldochrysoldlne 
4-Sulta•yl-2 14-dla•lnoazobenzen• 
Sulphachrysoldlne 

Sunset Yellow 

N:sO:sSC 12H11 .Na 
C. I. 13010 Cl 
c.r. 13011 cI 
Acid Yet low FWA CI 
Benzenesulfonic acid, p-((p-amlnophenyl )azo]-, sodium salt 
C.l. food Yellow 6 CI 
c.r. Food Yellow 6 1 monosodlum salt Cl 
Hexacol Yellow RFS CI 
New Yellow GMF CI 
Sunset Yellow Cl 
11648 Yellow Cl 
Yel tow RFS Cl 
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Sunset Yellow FCF 
N2 0 7 S2C 16 H12 .2Na 

C , I. 1598 5 CI 
Acid Yellow TRA CI 
Atul Sunset Yellow fCf CI 
Canacert Sunset Yellow fCf CI 
Certlcol Sunset Yellow CFS CI 
Cllefa Orange S Cl 
C.I. food Yellow 3 Cl 
C.(. food Yellow 3, dlsodlum salt CI 
Dolkwal Sunset Yellow CI 
Dye fDC yellow lake 6 CARf 
Dye fDC yellow No, 6 CARf 
Dye Sunset Yellow CARf 
Edlcol Supra Yellow fC CI 
Eniacld Sunset Yellow CI 
Eurocert Or~nge fcf CI 
FD and C Yellow 6 CI 
fD and C yellow lake No. 6 CARf 
FD and C Yellow No. 6 CI,CFR 9 LC 
food Yellow 6 Cl 
HD Sunset Yellow fCf er 
HD Sunset Yellow FCf Supra CI 
Hexacol Sunset Yellow FCf CI 
Hexacol Sunset Yellow FCF Supra 
KCA foodeol Sun9et Yellow fCf 
Haple Sunset Yellow fCf CI 

CI 
CI 

2-Naphthalene9ul!onlc acid, 6-hydroxy-5-[(p-sulfophenyl)azo] 
-, dlsodlum salt CI 

Orange II tl 
Orange PAL CI 
Orange RGL cone. Specially Pure 
Orange Yellow S.fQ CI 
Para Orange 

Cl 

1-p-Sulfophenylazo-2-naphthol-6-sulfonlc acid, dlsodlum salt 
Sun Orange A Geigy Cl 
Sunset Yellow CI 
Sunset Yellow FCf LC,Cl 
Sun Yellow 
Sun Yellow Extra Cone. A Export CI 
Sun Yellow Extra Pure A . CI 
Sun Ye! low fCf 
Usacert Yellow No. 6 CI 
1351 Yellow CI 
1899 Yellow Cl 
A.F. Yellow No.5 Cl 
Yellow Orange S 
Yellow Sun 
Yellow SY for Food CI 

Tartrazine 
N409S2C 16 H1 2°3Na 

C.I. 19140 CI 
Acid Leather Yellow T Cl 
Acid Yellow T er 
Acid Yellow 23 CI 
Acllan Yellow GG Cl 
Airedale Yellow T Cl 
Alzen Tartra?lne CJ 
Amacld Yellow T CI 
D and C Yellow No. 5 CI 
Atul Tartr .. zlne CI 
Bucacld Tartrazlne Cl 
Calcocld Yellow MCG CI 
Calcocld Yellow XX CI 
Canacert Tartrazlne CI 
3-Carboxy-5-hydroxy-1-p-sulfophenyl-4-p-su\fophenylazopyrazole 

trisodium salt HERCK,CfR 
Certlcol Tartrazol Yellow S CI 
Cllefa Yellow T Cl 
C.I. Acid Yellow 23 CI 
C.I. Acid Yellow 23, trisodium salt CI 
C. I. food Ye I low 4 CI 
Curon fast Yellow 5G CI 
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Tartrazine 

l>olkwal Tartrazine CI 
Dye FD and C Yellow No. 5 
Edlcol Supra Tartrazlna N 
Egg Yellow A CI 
Erlo Tartrazlne CI 
Eurocert Tartrazlne CI 

CA Rf 
CI 

FD and C Yellow 5 Cl 
FD and C Yellow No. 5 
fenazo Yellow T CI 
Food Yellow 5 CI 

CI ,ltERCK,LC,CFR 

HD Tartrazlne CI 
CI 

CI 
HD Tartrazlne Supra 
Hexacert Yellow No. 5 
Hexacol Tartrazlne CI 
Hldazld Tartrazlne CI 
Hlspacld fist Yellow T 
Hydrazine yet low MERCK 
Hydroxtne Yellow L CI 

Ct 

Kako Tartrazfne Cl 
Kavaku food Colour Yet low No. 4 
Kayaku Tartrazlne CI 
KCA foodcol Tartrazlne PF 
KCA Tartrazine PF CI 
Kl ton Yello11 T CI 
Lake Yellow Cl 

Cl 
CI 

Lemon Yellow A CI 
Lemon Yellow A Geigy 
Maple Tartrazcl Yellow 
Mitsui Tartrazlae CI 
Naphtocard Yello11 0 CI 
Neklacld Yellow T CI 
Oxanal Yellow T CI 
San-el T~rtrazine CI 
Sugai Tartrazine CI 
Tartar Yellow N CI 
Tartar Yellow S CI 
Tartar Yellow FS CI 
Tartar Yellow Pf Cl 
Tartran Yellow CI 
Tartraphenine CI 
Tartrazine CI,MERCK 
Tartrazine B CI 
Tartrazlne B.P.C. 
Tartrazine G CI 
Tartrazine M CI 
Tartrazlne N Cl 
Tartrazlne 0 CI 
Tartrazlne T CI 

CI 

CI 

Tartrazlne A Export CI 
Tartrazlne Extra Pure A 
Tartrazfne FQ CI 

CI 

CI 
Tartrazlne Lake CI 
Tartrazlne Lake Yellow N 
Tartrazlne HCGL CI 
Tartrazlne NS Cl 
Tartrazine 0 Specially Pure CI 
tA.l:.tr H j.n ~ X)( C I 
Tartraz1ne XX Specially Pure 

Cl 
Tartrazine XXX CI 
Tartrazlne Yellow 
Tartrazol BPC CI 
Tartrazol Yellow CI 
Tartrine Yellow 0 CI 

Cl 

CI 

Trisodium 3-carboxy-5-hydroxy-1-p-sulfophenyl-4-p-sulfophenylazopyraz= 
ole MERCK 

Unitertracid Yellow TE 
Us..tcert Yellow No. 5 
Vondacid Tartrazlne 
Wool Yellow CI 
Xylene fast Yellow GT 
1 31 0 Ye I I ow CI 

CI 

CI 
CI 

CI 

CI 

1409 Ye! I ow CI 
Yellow Lake 69 
A.f. Yel I ow No.ii 
Yellow No. 5 FDC 

CI 
CA Rf 



Trypan Blue 
N6014S4C3•Hzs•4Na 

BI ue 38 CI 
C. ! • 23850 CI 
Arnanll Sky Blue R CI 
Ben ci d a I B 1 u e ~I ti CI 
Bcnzarnlne blue MERCK 
Bcnzanll Blue 3BN CI 
Ben~o blur MERCK 
Bcnzo Blue 3BS CI 
Blue EMB CI 
Brasllamina Blue 38 CI 
Chlorarnlne Rluc 3B CI 
Chrome Leather Blue 38 CI 
C. r. D! re ct Blue 14 CI 
C.I. Direct Blue 14, tetrasodium salt Cl 
Conqo blue MERCK 
Cre9ot!ne Blue JB Cl 
Diamlnebluc M£RCK 
Dlamlne Blue 38 
Diani I blue MERCK 
Dlaphtamlne Blue TH CI 
DlazlnP Blue 38 Cl 
Dlazol Blue 3B Cl 

Diphenyl Blue 3B Cl 
Direct Blue M3B CJ 
Direct Blue 38 CI 
Hispamin Blue 3BX CI 
2,7-Naphthalenedlgulfonic acid, 3 9 3 1 -((3,3 1 -dimethyl-4,4 1 -blphenylylea 

ne~is(azo)~is[5-amino-4-hydroxy-, tetrasodium salt 
Naphthylamlne blue MERCK 
Niagara Blue MERCK 
Niagara Rlue 38 CI 
Paramlne Blue 38 CI 
Pontamine Blue 3BX CI 
Sod I um d I tot !11 d I gazob I s-8-aml no-1-naphtho 1-3,6-d I su I !on ate MERCK 
Trypan blue CDF 
Trypan Blue MERCK,VBB 
Trypan Blue BPC CI 
Trypane blue 

N60 15 SsC 3 zH24 .5Na 
C.I. 22850 CI 

Trypan Red 

2,?-Naphthalenedlsultonlc acid, 41 4'-f( 3-sulfo-4,4'-blphLnylylene )bl s 
(azo)]bis(3-amlno-, pentasodlu• ~•It 

Trypan Red MERCK,CI 



TABLE 4.--DYES FOR WHICH U,S, PRODUCTION OR SALES WERE REPORTED, 

IDENTIFIED BY MANUFACTURER, 1971 
[Dyes for which separate statistic• arc given in table l are m3rked below with an asterisk (*); dyes not so ma1kLd do 

not appear in table l hccaus" the ret>ortcJ data art' a~ceptcd in confidence anJ may not be published. Manufacturers' 
ident1f1cat1an codes shown below are taken from table 3. An x ~ignified that the manufacturer did not consent to 
his identification with the designated product) 

' 
Dye 

AClll DYE~ 

•Ac id ye I low dyes: 
Acid Ye! low 
Acid Yellow 

*Acid Yellow 
Acid Yellow 

*Acid Yellow 
Acid Yellow 

*Acid Yellow 
Acid Yellow 
Acid Yellow 

*Acid Yellow 
*Acid Yellow 
*Acid Yellow 
*Acid Yellow 

1------------------------------------------
3------------------------------------------11-------------------! ____________________ _ 
14-------------------~---------------------17-------------------! ____________________ _ 
lY-------------------~---------------------
23-------------------!----------~----------
25-------------------~---------------------29-------------------: ____________________ _ 
3~-------------------: ____________________ _ 
36-------------------~---------------------38- ------------------! ____________________ _ 
40-------------------! ____________________ _ 

•Acid Yellow 42-------------------!--------------------­
*Acid Yellow 44-------------------!---------------------
Acid Yellow 40-----------------------------------------

*Acid Yellow 54-------------------!--------------------­
Acid Yello1~ 59-------------------_.·------------------- -
Acid Yellow 63-------------------!--------------------­
Acid Yellow 65-- - - --- ------- -- --- ~-- ----- - -- -- ------ ---
Ac id Yellow 73-----------------------------------------

•Acid Yellow 76-------------------:--------------------­
Acid Yellow 77-------------------~---------------------
Acid Yellow 79-----!-----------------------------------

*Acid Yellow 99--------------------"---------------------
Ac id Yellow 114-------------------·- --- -- -- -- -----------
Acid Yellow 121-------------------~--------------------

*Acid Yellow 124-------------------:-------------------­
Acid Yellow 127-------------------~-------------------­
Acid Yellow 128-------------------~-------------------­
Acid Yellow 129-------------------~-------------------­
Acid Yellow 135-------------------~--------------------

*Acid Yellow 151-------------------~-------------------­
Acid Yellow 152-------------------~--------------------

*Acid Yellow 159---------------------------------------­
Acid Yellow 174----------------------------------------
Acid Yellow 175----------------------------------------
0ther acid yellow dyes----- --------------------------­

*Acid orange dyes: 
Acid Orange 1---------------------t--------------------

~~~~ g~:~~: :=====================~==================== *Acid Orange 7---------------------~--------------------

*Acid Orange 8---------------------~--------------------
*Acid Orange 10--------------------~-------------------­
Acid Orange 12--------------------:·-------·-----------

*Acid Orange 24--------------------!·-·-----------------
Acid Orange 31--------------------~--------------------
Acid Orange 45---------------------"------------·-------
Acid Or.ingc 5 1--- - - -- ------- - - - - - --'---. -- ---- - - - -- - -- • _ 
Ac id Orange 52-- - - --- - ----- - - - - - - - -'---- - -- -- - . -- -- ---- _ 
Acid Orani:c 56---------------------"--------------------

*Acid OranRc 60--------------------~--------------------
Acid Or.mg.: o2. --- ----------- _ -----'---···--·---·-------
1\c d Or.rn~c 63--------------------!·-----------------·­

*/\c d Or.ingc 6~---------------·----:·---··--------------Ac <I Orange t>'.>----·---------------: ___________________ _ 

ACY. 
ACS, ACY. 
ATL, BOO, 
TRC. 

~lanufacturers' 1dent1 fl cation codes 
(according to list in table 3) 

CMG, VP::. 

ACS, ACY, ATL, BOO, CMG, DUP, HN, PDC, SDI!, TRC, 
ATL. 
AAP, ACS, ACY, GAF, MRX, PDC, SDH, TRC, VPC, 
GAF. 
GAF, TRC 
ACS, ATL, PDC. 
ACS, DUP, GAF, 
ACS, ATL, GAF. 
ALT, ATL, OUP, 
AAP, ACY, GAF, 
MP, GAF, VPC. 
VPC. 
ACS, ACY, CMG, 
VPC. 
AAP, ACS. 
ALT, FAB, TRC. 
ACS, DUP, SDH. 
ACS, GAF, TRC. 
ACY. 
VPC. 

TRC. 

TRC, vPL 
VPC. 

GAF, HN, TRC, VPC. 

ACS, CMG, GAF, TRC, VPC. 
CMG, TRC. 
GAf. 
ACS, ATL, DUP, HN. 
TRC. 
ALT, TRC. 
CMG, TRC. 
GAF. 
ACY, ATL, CMG, DUP, FAB, GAF, HN, TRC, VPC. 
ACY. 
ACS, ALT, FAB, 
DUP, VPC. 
DUP. 
ACY, ALT, BAS, 

GAF, !IN. 
ACS. 
ACY. 
ACS. 
AAP, ACS, ACY, 

\'PC, YAW. 
ACS, ACY, ATL, 
ACS, ACY, ATL, 
ACS. 
ACS, ACY, 
AAP. 
ACS, TRC. 
CMG, TRC. 
ACS, ATL. 
GAF. 

DUP, 

GAF, HN, TRC, VPC. 

CMG, GAF, flST, TRC, VPC. 

/\TL, CPC, DUP, GAF, llN, 

DUP, GAF, llN, TRC, VPC . 
DUP, GAF, PDC, TRC, VPC. 

GAF; TRC, YAW. 

AT!., CMG, DUP, GAF, HN, TRC. 
TRC. 
GAF, 1RC. 
ACS, ACY, Dl)P. 
ACY. 

POC, 

WJ • 

TRC, 
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JA8l[4. --DYES FOR WHICH U,$, PRODUCTION OR SALES WERE REPORTED, 

IDENTIFIED BY MANUFACTURER, 1971--CONTINUED 

Dye 

ACID DYES--Contrnucd 

*Ac ' ';range dres--Contu1ue<l 
" ld !lran~~~: 72----------------------·--------------------

* ;:_d Orange 74----------------------;------------------­
/1.ci ll 1)1 .1ngP 7(i ·- - ----- - -- --- -- --- --- - -------------------

;, c id 0 r, in>;,, RS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
,,, ,d IJr~n.:v 86------------------------------------------

~Acitl nr~ngr 116----------------------------------------­
.',;_ 1d Dr,u1g(• 119----------------------------------------­
~cid Urdn~c \28----------------------------------------­
f, ict 01 ,rngc 132-----------------------------------------
( ·~er acid orange dyes---------------------------------­

* Ac 1 l rc•J dyt•s: 

GAF. 
ACS, 
TRC. 
ACS. 
ACS, 
ACS, 
TRC . 
DUP. 
DUP. 
ALT, 

Manufacturers' identification codes 
(according to list in table 3) 

CMG, GAF , TRC 

ALT, TRC. 
ALT, FAB, GAF, .IN, TRC, YAll. 

GAF, HST, TRC, VPC. 

*Acid Red 1-------------------------:-------------------- AAP I ACS' ACY' ATL, BOO, DUP, GAF, llN, SDI!, TRC, 

*Acid Red 
*Acid RcJ 

Ac ul Red 
*Acid Red 
*Ac1t1 Red 

A-- 1d Red 
Acid Red 
Acid Red 
AC1'l Red 

*Ac-d [(ed 
AC.id Red 
Ac i<l Red 
AccJ Red 
A'-_d Red 

*Acid Red 
Ac "j Red 

'*Ac-;.d Red 
Aci l Red 

*Acid Red 
• ACld Red 
Acid Red 

*Acid Red 
Acid Red 
Acid Red 
Ac1<l Red 

*Acd Red 
*Ac l'l •<cd 
*Ac1J Red 
Acid Red 
Acid Red 

*Acid Red 
Acid Red 

• ~c id Red 
Acid Red 
Ac1<l Red 
Acid R,_>d 

*Acid Red 
Ac i<l Red 

*Acid ReJ 
Ac1J ReJ 
AciJ Red 
Add Red 
Ac1d Red 
Acid Red 
Add RC'd 

*AdJ l\cd 
t\c iJ RcJ 
Acid Red 
Acid Rl'J 

4----------------------------------------------14-------------------------: __________________ _ 
17-------------------------: __________________ _ 
18------------------------~--------------------
20-------------------------~-------------------
27-------------------------~-------------------32-------------------------: __________________ _ 
33-------------------------~-------------------35 _________________________ : __________________ _ 
37 _________________________ : __________________ _ 
42-------------------------~-------------------
52---------------------------------------------57 _________________________ : __________________ _ 
66-------------------------: __________________ _ 73 ________________________ : ___________________ _ 
80----------~---------------------------------85-------------------------: __________________ _ 
87---------------------------------------------88-------------------------: __________________ _ 
89-------------------------~-------------------97 _________________________ : __________________ _ 
99 _________________________ : __________________ _ 
100------------------------: __________________ _ 
106------------------------: __________________ _ 

• 111--------------------------------------------114-----------------------: ___________________ _ 
115-----------------------: ___________________ _ 
119--------------------------------------------133------------------------: __________________ _ 
134------------------------~-------------------137------------------------: __________________ _ 
138--------------------------------------------151-----------------------! ___________________ _ 
107-----------------------: ___________________ _ 
175------------------------~-------------------178-----------------------: ___________________ _ 
182-----------------------: ___________________ _ 
183-----------------------: ___________________ _ 
186-----------------------: ___________________ _ . 191--------------------------------------------194------------------------! __________________ _ 
201-- - - -- - - -- - -- - -- -- - -·-- - _ ! _ - - - - -- -- - - - - - - - - - -

211--------------------------------------------
212------------------------~-------------------
213--------------------------------------------
2bO------------------------~-------------------
2~2-------------------------------------------­
~99--------------------------------------------
309------------------------------------------·-

VPC, YAW. 
AAP, ATL, BDO, CMG, GAF, PDC, TflC, VPC, YAW, 
A.CS, ATL, GAF I PDC, YAW, 
ACS, ATL, TRC. 
ACS, ATL, BDO, GAF, TRC. 
A.CS, ACY, ATL, CPC. 
ACS. 
GAF. 
YAW. 
AAP, GAF. 
ATL, CMG, DUP, GAF, f'N, TRC. 
GAF. 
GAF. 
A.TL, TRC. 
AAP, A.TL. 
ACS, ACY, ATL, DUP, GAF, PSC, TF:C, YAW. 
ATL, GAF, ICI. 
ACS, A.CY, ALT. ATL, CMG, DUP, GAF, HN, TRC, VPC, YAW. 
SOii. 
A.CS, ACY, ATL, DUP, GAF, TRC, SDH, YAW. 
AAP, A.TL, BOO, GAF, HN. 
A.TL, GAF. 
ATL, CMG, FAB, HN, TRC, YAW. 
VPC. 
YAW. 
A.TL. 
AAP, ACS, ALT, A.TL, DUP, GAF, TRC, VPC. 
ACS, ATL, GAF. 
ALT, ATL. 
GAF. 
TRC. 
ACS, A.TL, DUP, GAF, !IN, TRC. 
ALT. 
ACY, ALT, ATL, DUP, !IN' TRC, VPC, YAW, 
ACS, ATL, DUP, TRC. 
DUP. 
DUP. 
ACS, A.LT, A.TL, BOO, CMG, DUP, GAF, llN, 
CMG, TRC. 
ACY, ATL, CMG, GAF, VPC. 
TRC 
CMG, TRC. 
TRC. 
DUP. 
TRC. 
TRC 
DUI', TRC, VPL 
ACY. 
ALT, TRC. 
TRC, 

254 



TABLE 4.--DYES FOR WHIC~ U.S. PRODUCTION OR SALES WERE REPORHD, 

IDENTIFIED BY MANUFACTURER, 1g11--co~TINUED 

Uyc 

AC ID OYES--Continued 

*AciJ red dye~--Contlnued 
Acid ~c~ 3J~-----------------~------------------------­

,\..:.1c 11.cJ 3.}:.- - - - .. - - ... - --- -- .. - -- - - ... ----------- ----------­
Ac iJ l\c,J 3:;o- - - - - - - - -- - - - - - - - - - - - -- ----- ---- -- -- -- -----
Other .1·:1d reJ dyes-----------------------r------------

*Ac1d >lO-~t <lyes: • 

*Ac1c V10iet 1------------------------------------------
*Acid \1olet 3---------------------~--------------------
*AcAa V1~ tc~ 7---------------------!-------------------­
*Acid V1cJet 12--------------------~-------------------­
*Acod V1clet 17-----------------------------------------
Acid Violet 29----------------------------------------­
Acid Violet 34----------------------------------------­
Acid Vic let 41-----------------------------------------

*Acid Violet 43----------------------------------------­
*Acid Violet 49----------------------------------------· 
Acid V10 I et 56-- --- - - - - --- • - - --- - - - -·- ·- - -- ---- -- -- - - -· --
Ac id Violet SS---------------------~-------------------
Acid Violet 76-----------------------------------------
0ther acid violet dyes----------------------------·---­

*Acid blue dyes: 

Acid Blue 1-------------------------------------------­
*Aciu Blue 7------------------~--------------------·----
*Acid Blue 9-------------------------------------------­

Ac id Bl uc 10 - -- - - -- -- ---- - - - -- - - -·- - - - - --- --- - -- ------ -­
Acid Blue 15-------------------------------------------
Acid 
Acid 

*Acid 
*Acid 
Acid 
Acid 

*.\cid 
'*Acic.. 
Acid 

*Acid 
Acid 
Acid 

•Acid 
Acid 
Acid 

*Ac1tJ 
*Add 

A.: id 
Mid 
,\c llt 

f\( id 
*Acid 
AnJ 
A.; id 
A~!d 

*Ac:1J 
*Ac1J 
*Achl 

,\ ... lt..l 
Acid 
Ac:1J 

',\d<l 
Aciu 
r\c1d 
AciJ 
AuJ 
Aciu 

*Ac1J 
,\c id 

Blue 
Blue 
Blue 
Blue 
Blue 
Blu<' 
Blue 
BcuC' 
Clue 
Slue 
Slue 
Blut' 
~:uc 

::.~ ue 
Blue 
Blue 
Blue 
Blu~ 

t:lu<' 
llluc 
Btet• 
Ll:uc 
!Hun 
H!uc 
lliu<' 
Hlue 
:\Jue 
l)1UC' 

:_;}Uc' 

Blu{! 
!\Jue 
Hl U•~ 
Hluc 
tlluc 
Dluc 
!''1..c 
P·IUt' 
aiuc 
Ill U<J 

20-------------------------------------------
23------------------------------------------­
LS------~------------------------------------
27-------------------------------------------
29---------------------!---------------------
34-------------------------------------------
40-------------------------------------------
41-------------------------------------------
43-------------------------------------------
45-------------------------------------------
47-------------------------------------------
48-------------------------------------------
{>2----------------------------~--------------

b9-------------------------------------------
74---------------~---------------------------

78-------------------------------------------
80------------------------------------------­
SI---------------------------------·-··--··-· 
83------------------------------------------­
~9------- --------------~---------------------
90-------------------------------------------92---------------------! ____________________ _ 
93-------------------------------------------
102------------------------------------------
104------------------------------------------
113--------------------~---------------------
118--------------------~---------------------
120--------------------~-------------~-------
122------------------------------------------
129------------------------------------------
145------------------------------------------
lS~ anJ lSBA-----------~----------------·----
161--------------------!--------------------· 165--------------------!. ___________________ _ 
179--------------------! ____________________ _ 
198-----------------------------------------­
~21-----------------------------------------­
/30-----------------------------------------­
c31------------------------------------------

OUP, 
DUP. 
GAF. 
ALT, 

llDO, 
ACS, 
MP, 
BDO, 
DUP, 
HSH. 
ATL, 
CMG. 
ATL, 
ACS, 
CMG, 
GAF. 
A.CS. 
TRC. 

ACS, 
ACS, 
ACS, 
-MP, 
GAF. 
ACS. 
TRC. 
ACS, 
1\LT, 
Pf)(.• 
,\CS. 
,!\CS, 
i\\ '), 

\c.Y, 
,\L"S, 
f( I. 
lhC. 
,\I'S, 

G\I. 
,\1'~' 

,\I i , 

AC.S, 
!Cl. 
Gi\f, 
A1:S. 
me. 
ACS, 
AC\', 
me. 
ACS, 
ACS, 
ACS, 
.i\CS, 
fllll'' 
CMG. 
[\.(~, 

llflll, 
Vl'C. 
IJIJI'. 
(;AF, 

V~'C. 

Vl'C. 
ACS, 
'll'C. 

--------
ManuL1ctu1ers' :Jt•nt1f11.at1on ...:od<:'i 

(according to I "t 1n t.;i>\e .'>) 

TRC, VPC. 

CMG, our, GAF, HN, TRC, VPC. 

CMG, GAF. 
ACY, TRC, YAW. 
ACS, ATI., IIDO, CMG, GAF, TRC, VPC. 
CMG, DUI', GAF. 
GAF, SOil. 

DUP, ICI. 

HSIJ, ICI. 
A.CY, SOii, TRC. 
GAF. 

GAF. 
ACY, ATL, GAF, SOii. 
GAF, SDI!. 
ACS. 

/\TL, BDO, CMG, DIJP, GAF, llN, TRC, VPC. 
\'I I.• B~JO, CMG, G/\f-. 
Y II\. 

\ l.I ' ,\,'n, BOO, DUP, GAF, lCI, TRC, vrc. 
I{!' B!1' CMG, GAF. 
,•:c. 
\C\'' Al'L, CMG, our, GAF, HN, TRC. 

1\L I , lsll\I, CMG, GAF, VPC. 

t1UP. 
l\uO, Iliff', GAF, !Cl, TRC. 
.\ rL, 1 PC. 

ATL, Y.\IV. 
HSC. 

CAF. 
ALI, A'IL, BDO, CMG, OUP, FAh, GAF, ti'-1, 
ATL, llN. 
,\fL, GAF, HN. 

llllP. 
CAI', HN, TRC, VP\.. 

IJIJP' TRC. 

pr~·· 



------1. ------~:~~fnct~rel."~' idcnt! fi cation coJes 

(;iccording to list Jn table 3) 

·---- -----------·---------

A.1.Jtl t'.,:ic' 2.J2---· --~------------ ... ----------------- .. ---- Vt'C. 
Vl'C. 

Othc·r ... ·1 t hlu~ .J ·,,, .. · ·----- ·---- -------------------- ACY, ALT, ATI., CMf;, GAF, llN, llSI', TRC, Vl'C. 
*A:.:-1.J f'.fL-1_·n ,\;.~'S. 

1\cid t:rlcn !-------·----------·---- .. - ... ------ ... - ... _,. ___ .,. __ _ 
*A .... -iJ l~ t;Cn 3----- ------------- ---------------- .................... _ 

\i..:i.d (~ieen ..)---------------- -----------------.-----.- .. --
*J\c t<l Licen 9----- -----------------------~---------------• 

.\C::S, 
,\CS, 
•>>I.I'. 
,\CS, 

f<,c !d l1CC1.'n l 2- - - --- - --- - - - ----- - -- - - -- - --- ----- --- ---- - AC::, 1 

* .. \c1d 1:1. ,.,.n ~u---- -~ - ---------- ... ------------......................... 4.CS, 

Ac hl ! ll L" 1 19 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • - - - - - - - - - - - - ALT, 
.. \ctd t.r, ·11 7 0---------------------~-------------------- ;\CS, 

Acid Gr1.~en .. ?}-------------------------------- .. ·-------- Gt\F. 
"Acu! Green .:'5-------.--- --------------------------------- AL::,, 
:kid c~rev11 '\5---------------------~-,------------------ 1RC. 
i\c:J ( l'.'c•11 41------------------------------- ---------- !Cl, 

·\C\', 
me. 
\ P<:. 

.v..:y) 
AL:Y, 

ACY, 
GAF. 
GAF, 

ATL, 

ALT, 

vrc. 
r.w. Ac1d ('rt~en :::;.o-------- ---------------------------------­

Acid G1ef:n 58--- - ----------------.!-------------------­
Ac1<l c;1~~n rl~----------------------------------------·­
Othe:- uctd green J~t~'~ ----------· ---------1------------- ,\1.T, VPL. 

- '\cid bror.i1 dy'2s: 
t\C i J p !'01-.. ll - - - - - - - - - - - - - - - - - - - - - - - - ... - - - - - - - - - - - - - .. - - - ... 

Acid br·1~n • ... ------------------------------ -------·-- ----
(;.\['. 

\.AF. 

llVP . 
GAi', TRC. 

GAf. 

me. 

0!)0, GAF, PDC, Tr::. 

1\'J'L, CMG, GAF, HSfl, 

•Ac: l .i H:-,,\-;n 
Ac tJ 8rown 

14---------- ... --------~---------------------
19 - - - - - - - - - - - - - - ... - - - - - - - - - - - -.- - -- - - - - - - - - -

\\P, ~CY, Dllf', lAI', TRC, YAl'i. 
rnc. 

And C:rdi.n 

ACJd t1r..:i...,n 
Acid Brvi,..n 
:\c id !310•,\jj 

A.::.1J f.::-•1\\I• 

Acid h:.:: 1w11 
And Bruwn 
Acid Aro..-n 
Act<I l)) ,.) ... ·~1 

Acid lil'dl.11 

Ott, .. :- ·H ltl 

22---- --- - -· ---- - -- ___ ! _______ ..,.., ___ ., _____ ---

;d--- ---------- - - -- ------------------------­
~1--------------------~---------------------
45-----------------------------------------­
') --·--~-- ----· ------------·-~~~~~~~~-:::==~~:==- __ ! ____ _________ .. ______ _ 
98---------· __________ ! ____________________ _ 

l ~. 2 - - - - - - - - - - - - ... - - - - - - -·- - - - - - - ... - - - - - - - - - - - - -
158--------- -~-- _______ ! ______ ---------------
~ 13-------------------! ____________________ _ 

brown dvcs----------------------------------
~Aci<l bln:~ Jycs: • 

"'Acid BlaLk 1-- ------------ -----------------------------

Acid Bldc'k ~------ -----·- -----------------------------
11;J\c1d 
.\c1<l 
.\cid 

*AciJ 
*Acid 
Acid 

*AcJd 
Ac·d 

,. .F'lli 

\-id 
/,c iJ 
,\c id 
Other 

Bl"' k 
B~.11.. k 
BJ:i.d. 
Black 
Black 
Bi ad 
Rlack 
R 1'icl. 
Rt "<Cl.. 

Black 
Blncl. 
P.lack 
aod 

24---------------------~------------·-------
26, ~0~ 3nd 268-----------------------------
29----------- ------------------------------
4:~. ---------------- ----------- ·-------------• 52-----------------------------------------· 
SS- - - - - - - - -- - -- - - - - - - - - - - - - .. - - - - - - - - - - - ... - - - - -

~0------------------------· -----------------
92- --- - -- . - - -- - -- --- -- ~- ~ - ------- - -- ------ - -
107------· ------------!---------------------
108 -------- . -- - ··----.!------------· -------· 
138- - . - - - - . - - - . - - - - - - - ! _ - - - - - - - - - - - - - - - - . - - . 
140-- _________________ _. ______ --· ---------·-

blad, .fyeo;------------·-------- -·-----------

AZOJC llYl'S AND CO'IP(1\jl \T'i 

\:(lie )l'l 1,,,~ dyes: 
.\: <'i c· \ <' I I 01; l - - - - • - - ·· - · - - - - - - • · 

•\-oll.'.' \,•\ll'"~ 2.---------------­
l:c'I• \cl lu" :\---------·--· 
,lfh..,·t ,l:l\ll" yt:>ll<..1·.- cl'H'S-- -· -

lllil'. 
TRC. 
GAF. 
TRC. 
AC), CMG. 
ACY. 
ACY, rnr. YAW, 
Gt\F. 
GAF. 
GA!. 
,\CY, 

MP, 
l\CS, 
t\CS, 
-\fL • 
!;<\F. 
ACY, 
ACS, 
C'·tC, 
nuo, 
:\CY. 

\LT, 

l\CS, 
ACY. 
CMG, 
llUP, 

!Cl, 
1·11.' 
lllt!', 
I RC. 

llUP, 

/\CY, 

DUP, 
'lHC. 

'i l~L, 
OTJP, 
me. 

<;Af, 

.\fl •• 

G.\F. 

Gi\F, 

ACS, .\Lr, G.\F, 'I RC. 
G..\F. 
VPC. 
CMf.. 

vrc. 

OUP, GAF, 

llN, f'RC. 

ALr, ATL. Ii:\, I'll•:, vrc, YA\.. 

\ f l t \I I • 

II l , 'I ' , llllC, x. 
l'llt' 
I fl 

ICI, TRC, Vl'C. 

llN, PUC I TRC, YAW. 



TABLE 4.--DYES FOR WHICH U.S. PRODUCTION OR SALES WERE REPORTED, 

IDENTIFIED BY MANUFACTU~ER, 1971--CONTINUED 

Dye 

AZOlC DYES A!l.U CC»!l'ONEl'ITS--Continued 

Azoia Compositions--Contirmed 

Azoic ora11ge <lyes: 
• Azoic 01· .. n;:e 3- - - -- --- --- - --- - - --- --- ----------------- - -
Azoic Or4ngc 10-----------------------------------------
0ther azoic orar.gc dyes--------------------------------­

Azoic red dyes: 
*Azo1c Red 1--------------------------------------------­
*Azoic Red 2--------------------------------------------­
Azoic Red 6--------------------------------------------­
Azoic Red 16-------------------------------------------­
Azoic Red 73--------------------------------------------
Azoic Red 74--------------------------------------------
0ther azoic red dyes-----------------------------------­

Azoic violet dyes: 
Azoic Violet 1------------------------------------------
0ther azoic violet dyes--------------------------------­

Azo1c blue dyes: 
Azoic Blue 2--------------------------------------------

*Azoic Blue 3-------------------------------------------­
Azoic Blue 6-------------------------------------------­
Azoic Blue 7-------------------------------------------­
Azoic Blue 8--------------------------------------------
0ther azoic blue dyes----------------------------------­

Azoic green dyes: 
Azoic Green 1-------------------------------------------
0ther azoic green dyes----------------------------------

Azoic brown dyes: ~ 

Azoic Brown 3------------------------------------------­
Azoic Brown 7-------------------------------~-----------

•Azoic Brown 9------------------------------------------­
Azoic Brown 10-----------------------------------------­
Azoic Brown 26------------------------------------------
0ther azoic brown dyes----------------------------------

*Azoic black dyes: 
Azoic Black 1---------------------!--------------------­
Azoic Black 4------------------------------------------­
Azoic Black 15------------------------------------------
0ther azoic black dyes----------------------------------

Azoia Diazo Components, Bases 
(Fast Co for Bases) 

Azoic Oiazo Component 2, base-----------------------------
Azoic Diazo Component 3, base-----------------------------

*Azoic Diazo Co111poncnt 4' basP-------------!·--------------
Azo1c Di:no Compon<.'nt s, base-----------------------------
Azo1c Oiazo Component 8, base-----------------------------
Azoic Otaza Component lO. ba,e----------------------------
Azoic Oiazo Component 12, base----------------------------
Azoic Uiazo Component 13. base----------------------------
Azoic Diaza Component 14. base----------------------------
Azoic Diazo Cornponer.t 20, bdse----------------------------
Arnie Diazo Component 28, base----------------------------

*Azo1c Di.izo Component 32, base----·-----------------------
Azo1c U!:lZO Compon<'nt 34, base----------------------------
Azoic Uiaw Component 44, base----------------------------
Azotc lliazo Component 46, hase----------------------------
Azoic \li azo Component 4tl, base----------------------------

Manufacturers' 1dent1 fi c<1t LOn codes 
(according to list in table 3) 

·\LL, A TL, BUC , x . 
IJUC. 
ATL. 

ALL, ATL, BUC, x. 
ALL, ATL, BUC, GfF, 
ATL, BUC, x. 
ATL. 
GAF. 
GAF. 
ALL, ATL, x. 

ATL, BUC, GAF. 
ALL. 

ATL. 

x. 

ALL, ATL. BUC, GAF, EST, x. 
ATL. 
GAF. 
ALL. 
ALL, ATL. 

ATL. 
ALL, BUC, VPC. 

x. 
ATL, sue. 
ALL, ATL, sue, GAF, rlST, VPC, 
BUC. 
Gft.F •• 
ALL, ATL, GAf, VPC. 

HST. 
ATL, BUC, GAF. 
GAF. 
ALL, ATL, GAF, VPC. 

ATL, Bl!C. 
BUC. 
ALL, sue, GAF, SOii. 
GAF, SOIL 
SDH. 
BllC, GAF. 
BUC, SDH. 
BUC. 
MP. 
ALL, GAF. 
ALL, BllC, GAF. 
AAP, ALL, ATL, llllC, SuH. 
SDH. 
BUC, 
ATL. 
t\'IN' GAF. 

x. 



"'AlOlC 

A10·,c 
*A.' 01 c 

.>' 

*.i\.7r'l.L.C 

Ai vie 
.,., t ! :i1 c 
*;\-·JlC 

• Azoi c 
.. AzL ic 
*Azoic 
*A~o1c 

A:1 c 
Az··1c 
Ac,,1ic 

. \~, c 
fl.7., 1 c 
Azoic 
A~r 

A~r tC 

Al,.C 
Al ''C° 

Az . .i c 
Ac r• 

*Az'.: 11
.:: 

Az.'·· c 
OtLcr 

Azoic 
Azoic 
Azo1c 
A~l'lC 

*Az:.iic 
Azo1c 
Azoic 
Azoic 
Azoic 
Azo1c 
Azoi.c 
Azo1c 
Azo1c 
AZOJC 

*Azo1c 
AZOJC 
Azo1c 
Azo1c 
Az01c 
Az.01.c 

Azoic 
•Azo\c 

Azoic 
Azoic 
Other 

TABLE 4.--DYES FOR WHICH U.S. PRODUCTION OR SALES WERE REPORTED, 

IDENTIFIED BY MANUFACTURER, 1971--CONT!i.UED 

Dye 

AZOJC DYES AND COMPONENTS--Continued 

A;;c>ic Diazo Components, SaZta 
(Fast Color Salta) 

D1azo CL'mponcnt 1' salt-----------------------------
Dld.ZO Cor.:po11cnt 2' ;alt-----------------------------
D1....tZ.O Co1nponcnt 3, salt-----------------------------
D1azo c,rn;tioncnt 4, salt-----------------------------
Diazo CnmpO!iCnt 5' salt-----------------------------
Dinzo Com11onent G, salt-----------------------------
D1azo ((HilpUn t'flt 8' salt-----------------------------
D1azo C01.~poncnt 9, salt-----------------------------
Diazo Compo:wnt 10, salt----------------------------
D1azo Cu11poncnt 11, salt----------------------------
D1azo Cumponcnt 12' salt----------------------------
Diazo Component 13, salt----------------------------
Oiazo Component 14, salt----------------------------
Oiazo Component 20, salt----------------------------
Diazo Component 28, salt----------------------------
D1azo Co1r,ponent 32, salt----------------------------
D1azo Componc>nt 34, salt----------------------------
D1azo Component 35, salt----------------------------
Diazo Component 36, salt----------------------------
Diazo (Ofll~)oncnt 37' salt-----------------------~----
Diazo Component 41, salt----------------------------
lhazo Component 42, salt----------------------------
Diazo Component 44, salt----------------------------
01azo Component 48, salt----------------------------
Oiazo Component 49, salt----------------------------
Diazo Component 181' salt---------------------------
azoic diazo components, salts-----------------------

Azoic Coupling Components 
(Naphthol AS and Derivatives) 

Coupling Component 2--------------------------------
Coupling Component 3--------------------------------
Couplin5 Component 4--------------------------------
Coupling Component $--------------------------------
Coupling Component ?--------------------------------
Couplin!! Comronent 8--------------------------------
Coupl 111g Component 10-------------------------------
Couplrng Component 11-------------------------------
Coupling Component 12-------------------------------
Coupling Component 13-------------------------------
Coupling Component 14-------------------------------
Coup! 111g Co111poncnt 15-------------------------------
Coupling Component 16-------------------------------
Coupling Componrnt 17-------------------------------
Coupling Component 18-------------------------------
Coupling Component 19-------------------------------
Coupling Component 20-------------------------------
Coupling Co111poncnt 21-------------------------------
Coup 11 ng Component 29-------------------------------
Coup I mg Component 34-------------------------------
Coupling Co111ponent 35-------------------------------
Coupling [o,,.po1wnt 43-------------------------------
Coup I in)! Cl,mponent 44-------------------------------
Coupl 10!! Component 107------------------------------
azo1c coupling components---------------------------

AAP, 
ALL, 
AAP, 
ALL. 
AAP, 
MP, 
MP, 
AAP, 
ALL, 
MP, 
MP, 
MP, 
AAP. 
ALL, 
ALL, 
ALL, 
ALL, 
BUC, 
MP, 
GAF. 
ALL, 
GAS. 
ALL, 
BUC, 
MP, 
GAF. 
SDll. 

ATL, 
BUC. 
ATL, 
BUC. 
ALL, 
ATL, 
ATL. 
ATL, 
BUC. 
GAF. 
ATL, 
ALL, 
BUC, 
ATI,, 
ALL, 
BUC, 
ATL, 
ATL, 
ATL, 
ATL, 
ALL, 
ATL, 
PCW. 
llST. 
Al'L' 

2)8 

Manufacture1 s' identifi1:ation code; 
(according to list in table 3) 

ALL 1 BUC, GAF, SOii. 
BUC. 
ALL, BUC, GAF, SDI!. 

ALL, BUC, GAF, SDH. 
BUC, GM. 
ALL, llllC, GA ... 
ALL, BllC, GAi', Sill I. 
BUC, GAF. 
ALL, BUC. 
ALL, BUC, GAF, SDll. 
ALL, BUC, GA~, SDI!. 

BUC. 
BUC, GAF, SDH. 
SDH. 
GAF. 
GAF. 
GAF. 

BUC. 

BUC. 
SDH. 
ALL, BUC, GAF. 

BUC, GAF. 

BUC, GAF. 

BUC, HST, SDll. 
!JUC. 

BUC. 

BUC. 
BUC, GAF. 
GAF. 
Bl!C. 
ATL, BUC, GAF. 
GAF. 
llllC, GAF. 
BlJC. 
BIJC. 
BUC. 
BlJC. 
BlJC, G,\F. 

C.1\F. 



TABL[4. --J:l'iES FOR WHICH U.S. PR(')DUCTIO" OR SAtES WERE REPORTED. 

IDENTIFIED BY MANUFACTURER, 1971--(0NTINUED 

llye 

BASIC DYL S 

'Ba,ic yellow dyes: 
Bas!c Yellow 1-----------------------------------------­
Basic Yellow 2-----------------------------------------­

•R•sic Yellow 11-----------------------------------------
*G~••c Yellow 13-----------------------------------------

Bd•iC Yellow 15-------------------~--------------------­
Basic Yellow 21-----------------------------------------
Basic Yellow 24----------------------------------------­
Basic Yellow 25-----------------------------------------
••sic Yellow 26-------------------~---------------------
Basic Yellow 28-----------------------------------------
Basic Yellow 29-----------------------------------------
Basi c Yel I°'' 31- - - --- -- - - - -- ---- ---------------------- -­
Basic Yellow 37----------------------------------------­
Basic Yellow 41----------------------------------------­
Basic Yellow 53-----------------------------------------
0ther basic yellow dyes--------------------------------­

*Bas1c orange dyes: 
*Basic Orange 1- - -- - -- -- - ------- - __ ! _____ ------ ----------
*Basic Orange 2--------------------~--------------------­

fi3sic Orange 14-----------------------------------------
·:Jsic Orange 21-----------------------------------------

:~~~~ g~:~:: ;:===================:===================== 
::;:~!~ g~:~:: ;~====:::::::: :::::::::::::::::::::::::::::: 
ttsic Orange 27-----------------------------------------
Da sic Orange 28- - -- -r- - - - - - - - -- - - - -•- - -· - - - - - --- -- ----- - -
Mlsic Orange 31--------------------~--------------------
Basic Orange 39-----------------------------------------
0ther basic orange dyes--------------------------------­

*Baslc red dyes: 
Basic Red 1--------------------------------------------­
Basic Red 2--------------------------------------------­

•sasic Red 9--------------------------------------------­
Basic Red 12-------------------------------------------­

*Basic Red 13-------------------------------------------­
' Basic Red 14-------------------------------------------­
B~sic Red 15----------------------------------"-·-------
Basic Red 16------------------------------------·-----·­
Basic Red 17---------------------~----------------------
Basic ReJ 18---------------------~-------------·--------
Basic Red 19--------------------------------------------
AJsic RcJ 22--------------------------------------------
~osic Red 23---------------------~-------------· 
Basic Red 29-------------------------------------------­
Rasic Red 30---------------------!---------------------­
~asic Red 48-------------------------------------------­
R3sic Red 49--------------------------------------------
0thcr basic red dycs-------------------------------•--P-

0 & •1c violet dyes 
•Basic Violet 1---------------------------------·----·--­
Basic Violet 2--------------------------------·--------­
Bnsic Violet 3-----------------------------------------­
BJsic Violet 4-----------------------------------------­
B3sic Violet 7--------------------------------------·---

*Basic Violet 10-------------------------------·--------­
Bdsic Viul~t 13-------------------------------··-------­
Ud>ic Violet 14------------------------:---------------­
Bdsic Vtolet 1S------------------------------·----------

•11a> ic V,io l ct 16- -- ---- -- ---- ---- --- ---- --- ----- ------- --
BJ> lC Vi 0 kt 18·· - -- - - - - - - - -- - - - - - .!_ - - - - - - - - - -- --- -- - - - - -
Ba• le Via !t't 24--------- --- -- -- - --- --- -- - --------------­
BJ>ic Violet 27---· -------------------------------------

~lanufacturers' identification co.le~ 
(according to list in table 3) 

our. 
ACS, ACY. 
ACS, ACY, ATL, DUP, FAB, GAF, TRC, vrc. 
ACS, ATL, OUP, GAF, VPC. 
DUP. 
VPC. 
BAS. 
BAS. 
ACY. 
VPC. 
DUP, VPC. 
DUP. 
ACY. 
ACY. 
DUP. 
ATL, DUP, EKT, GAF, VPC. 

ACS, ACY, DUP, GAF, PSC, TRC. 
ACS, ACY, DSC, DUP, GAF, PSC, TRC. 
GAF. 
ACS, ACY, AL'I, ATL, DUP, FAB, GAF, TRC, VPC. 
ACS, GAJ-'. 
DUP. 
DUP. 
DUP. 
VPC. 
VPC. 
ACY. 
DUP. 
ATL. 

BAS, DUP. 
ACS, DUP. 
ACY, DSC, HSC. 
our. 
ACS, ATL, GAF, TRC, VPC. 
ACS, ACY, ATL, DUI', GAF, VPC. 
~TL, DUP, GAF, me. 
IDUP. 
D!JP. 
AfL,, DUP, GAF, VPC. 
DUP. 
ACY, TRC. 
VPC. 
BAS. 
ACY. 
DUP. 

\'JI,, 
QUP, GAF.' 
ATL, llUP, EKT, VPC. 

ACS, ACY, DSC, our, llSC. 
DSC. 

.ACS, osc, our, SOil. 
DSC, DUP. 

,ATL, G1\l'. 
, ACY, DUP, GAF. 

DSC. 
ACY 1 

osc:. 
DUP. 
A'I L, OlJP, FAB, GAF, TRC, VPC. 
ACY. .,. 
our. 
A'fL. 
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TABLE 4.--DyES FOR WHICH U.S. PRODUCTION OR SALES WERE ~EPORTED,, 

1o~rTlf IED BY MANUrACTURER. 1971--CONTINUED 

Dye 

BASIC [;YES- -Continued 

•BdblC blu0 dyes: 
~ua~1~ Rt11c 1-----------------·-------------------------­

B:i sic Hltli,) 2- - - - - - - - - -- -- ---- - - - -- ... ---- -- -- -- -- --- - -- - -­
B.1 s1c Blue 3-- ----------------------------"-------------
Uasic Hluc 4-----~--,-~--,.'-~~~-------------------------

*Ras.1l.. Rlttl:' 5- ------------ ........ ~.----·------------------------
1\Jst< Eluc 6-----------------------------------c--------

• Ba' 1 c BJ m' 7 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Basic Blue 9-------------------•-------------------~----
Basic Rlue 11--------------------------------------7 ---­

Basic Blue 21------------------------------~-----------­
H•sic Btu~ 22----------------------------------~-------­
Basic Blue 26- - - - --- - - -- - - - - - - - - - ------ - --.- -.- -,,-,--t- ~ --
Bo sic Blue 35-------------------------------------------
Basic Blue 41--------------------------------:~----~-7:-
Basic Hluc 45-------------------------------------------
BablC Blue 47---------------------------------::: ______ _ 
Basic Hluc 54-------------~-~--·~r------------~---------
Baslc Blue bO-----------------: _________ : __________ ~----
Basic Blue 69------------------t·~----------------------
B<iSlC Blue 75-------------------------------------------
Basic Blue 76------------------------------------------­
Ba sic fi I 11 e 7 7 - - - - - - - - - - - - - - -· - - - - • - - - T ~ - - ... -. - - - - " - - - - - - -

Basic Blue 82----------------------------------------::_ 
B•si~ Blue 87-------------------------------------------
Basic R l uc 97 - - - ---- ------ -- - - -- - -- -- -------- ~~·---- ---- -
Other bdsic blue <lycs--------------------------------~=­

oasic green <lyes: 
'Basic Green l-------------------------------------------

Ba5ic Green 3------------------------------------------­
'Basic Green 4------'------------------------------------­

Basic Green 7-------------------------------------------
0thcr basic green dyes----------------------~----------­

Basic brown dyes: 
•Basic Bro•n 1- -- - --- ----- -- ----- --·-- ---- --- -- -- - --- ----­

Basic Brown 2---------------------~--------------------­
*Basic Brown 4---------------------!·--------------------

D isic black dyes: 
Ras1c Bldck 9-------------------------------------------
Uther bJs1c black dyes----------------------------------

DIRLCT DYES 

*Direct yellow dyes: 
*llircct Yellow 4-------------------!---------------------
•Direct iellow 5-----------------------------------------
*Dtrect Yellow 6-----------------------------------------
0ircct Yellow 7-----------------------------------------
lll!'ect Ye! low 8------------------- .. --------------------­
llirect Yd low 9-------------------!---------------------

•nirect Yl'llow 11---------------------------------------­
•111 rect Yd low 12------- -- - -- ---- __ ! __ - - - · ------- ---- ----

01 rec t id low 20-------------------•---------------------
llirect Yellow 23-------------------------------·--------
Pt rec t 
!>tree t 

*l>irect 
"lli rect 
Direct 
lliri'ct 
[11 l't'l't 

"'f'll rt'1..· t 

"ll1rect 
lli rect 

Yellow 
Ye! lo" 
i'el low 
h'llow 
) el loh 
i l' I !t>I• 
\cll1>• 
\ d l nw 
\el lo;, 
id low 

26-------------------~--------------------
,~ . 
~1----------------------------------------

~o-------------------~-------------· -----­
~9-------------------~--------------------
34-------------------~-------· ----- -------
39------------------------------- ·-------­
~1-------------------~--------------------
11------------ -- --- -- • ·-. --------. 
:.;0-------------- ... ----! _____ ----- ---· ---~-

59--------------------------- · 

Manufacturers' i<lenl if1cat1on co<lc~ 

taccor<ling to list in tdb\e 3) 

DSC, GAF, SDH, VPC. 
DSC. 
ACY, DUP, GAF, HST. 
DUP. 
DSC, SDH, VPC. 
ACY. 
DSC, DUI', Sllll. 
ACS ACY .. . DUP. 
DSC, DUI', SUll. 
DUP. 
ACS, DUP, Vl'C. 
DSC, DUP, SDH. 
DUP. 
TRC. 
VPC. 
VPC. 
ACY, BAS. 
GAF. 
VPC. 
EKL 
ACY. 
OUP. 
DUP, TRC. 
DUP. 
ouP: 
ALT·, HAS, OUP, EKT, VPC. 

ACS, ACY, DSC, DUP. 
DUP. 
ACS, ACY, DSC, SDI!, VPC. 
DSC. 
VPC. 

ACS, ACY, DUP, GAF, PSC, TRC. 
GAF. 
ACS, ACY, DSC, DUP, GAF, PSC, TRC. 

VPC. 
ALT, DSC. 

ACS, ACY, ATL, DUP, GAF, flN, TRC, \lt'C. 
ACS, ACY, GAF. 
ACS, ACY, DUP, GAi', TRC. 
ATL. 
~cs, ATL, GAF. 
ATL. 
ACS, ACY, ALT, OUP, GAF, llN, me, VPC. 
ACS, ATL, DUP, FAB, C/\F, TRC. 
TRC. 
DUP. 
ALT, .\TL, llN. 
GA!'. 
ACS, ATL, !lllf'. GAr, PDC, TRC. 
ATL, nur. GAF. 
ALT, llN. 
TRC. 
ArL. 
ACS, 1\1.l • i\lL, our, FAB, GJ\I'. !IN, lRC, \'l'C. 
At.·1, ,\Tl., llllP, FAB, G\F, llN, llSll, Tl!C, VI'!.. 
our. 
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TABLE 4.--DYES FOR WHICH U. $, PRODUCTION OR SALES WERE REPORTED, 

IDENTIFIED BY MANUFACTURER, 1971--(0NTINUED 

Dye 

Jl I Rl.l"I UY l.S- -Continued 

*DLrect yellow dye~--( ontinucJ • 
~I ,~ - - - - - - -- -- -- - "",,._ ---- _____ .., ............ .., ........... .. UJ.r£<.ct ,· 'l .... l· 1..J 

Direct YP ~ 11..lW 

*Dlrec:t Y~ i :tY~·i 
01r1•ct ) C} 1t1\V 

*i) i -:-ei.:t ic l low 
*l) l :'"l'(t Y~· }{JW 

Direct 1'l, i low 

Direct Yd Im• 
Pire.-t Ye! low 
LJ1Tel·t y,,[ Jow 
lJl:-ect Yelluw 
Direct Yellow 
Direct )cl low 
U 1 rect i c llow 
Direct \c'llow 
[h r~ct \cl low 
Direct Yel lo.1 

~) ___________________ ! ___________________ _ . 
~~----------------------------------------
) f13- - - .. - -- --- -- -- -- - - - - - - ------ ... - ___ ,. ____ _ 

:u~--------------------------------------­
\0&---------------------------------------. 
'.07---------------------------------------
114--------------------------------------­
i17------------------------------------·--
118---------------------------------------
119---------------------------------------
120------------------------·--------------
121---------------------------------------
123---------------------------------------
125---------------------------------------
127---------------------------------------
131---------------------------------------

llirect Ye 1 '.ow 13~ - - - --- ----- ------------------ ---- -----­
Other direct yelluw dyes--------------------------------

*Di rect orange dyes: • 
*Direct Orange 1-----------------------------------------

·g:~~~~ ~~;~!: ~~===================~:::::::::::::::::::: 
Direct Oranre 11------·------------!--------------------

*Direct 0rangc 1S------·---------------------------------
*D1rect Orange 26------------,------~-------------------­
*Direct Orange 29-------------------~--------------------

:~~;:~~ g~:~;: ~~==!================~=::::::::::::::::::: 
11 D1 rcct Or ,lngc 39-- - - - - -- -- - - - - - - - - -~ - - --- - ---- -- - -- - - - - -

Direct Orange ~9-------------------!.-------~------------
Direct OranGe 61-------------------------------··-------
Dircct Orange 67----------------------------------------

*Dircct Orange 72------------------:------------·--------
*Direct Or,mge 73- - - ----------- -- ---·---------------------

Direct Orange 74-------------------~-------------------­
Dircct Orange 78-------------------!-------------------­
Direct Orange 79-------------------~-------------------­
D1rect Orange 80-------------------;-------------------­
Direct Orange 81--------------------·-------------------
Dircct Orange 8~------·------------~--------------------
Direct Orange S8- - - - - - - - - - - - - - - - - - _ .'.'_ - - - ---- -- --- - - - - - - -

*Direct Orange 102------------------=-------------------­
Direct Orange 110------------------!·-------------------
0ther direct orange dyes--------------------------------

*Dircct red <lyes: • 
*Direct ReJ l-------------------------------------------­
*D1rect Rc<l 2----"------------------!---------------·---­
*01rcct Red 4-----------------------:--------------------
Direct Rt'<l 5--- -- --- · - · -- -- ------ -- -·--- -------- -- -- ---- -
Direct !led 7------------------------!.-------------·----­

*Direct Red 10----·------------------~------------------­
*Dircct Red 13- - - - -- - - • - - -- - --- - - - - --"- - - ------- - - - - -- -- - -
Direct Red 16----------------------:--------------------
0i rcct fled 20-- - -- · - - --- - ------ -- - --"- ------------ - - - -- - -

*Oi1ect Ketl 23--------------------- --·--------·----------­
*Uin·ct Rc<l 24-· ---------------------·-------------------­
•[) 1 r('Ct Reel 2<>----- - -- - --------- - -- - ... • ..... ------ ... - -- ..... -----­
*Direct Red 2B-- - - - - - - - ---- --- • -- - • - -•---- --- - -- --- • --- - - -
*Lllrt'Ct llPc\ 31-- ----··-·------------··--------------------
Direct Red 32-----------------------~----·-------------­

*01 r"ct Rt><l 37--·-·····------·-------·-----·--------------

DUP. 
ATL. 
ATL, 
ACS. 
ALT, 
ACS, 
GAF, 
ACY. 
TRC. 
TRC. 
DUP. 
OUP. 
TRC. 
OUP. 
ACY. 
DUP, 
DUP. 
VPC. 

Manufacturers' identification codes 
(accor~ing to list in table 3} 

OUP, FAB, HN, TRC, VPC. 

GAF, HN, TRC. 
ALT, FAB, GAF, HN, TRC. 
TRC. 

TRC. 

AAP, ALT, ATL, GAF, HN, HSH, TRC, VPC. 

AAP, .ACS, ALT, ATL, BOO, CMG, VPC. 
ACS. 
ACS, ATL, DUP, Gt.F, TRC, YAW. 
AAP. 
GAF. 
ACS, ACY, DUP, GAF, HN, TRC. 
ACS, A.Tl., Cl«i, GAF, HSH, TRC. 
ATL, FAB, HN, TRC, VPC. 
ACS, ATL, CMG, DUP, GAF. 
ACY, ATL, CMG, DUP, GAF. 
ACY, nLT, ATL, CMG, DUP, FAB, GAF, HN. 
DUP, GAF. 
TRC. 
ACS, VPC. 
ACS, ATL, FAil, HN, HSH, TRC, VPC. 
DUP, GAF, TRC, VPC. 
DUP, HSll. 
VPC. 
DUP. 
VPC. 
DUP, GAF, VPC. 
G.\F. 
OUP. 

' ACS, A.CY, A.TL, DUP, GAF. 
TRC. 
ALT, L1UP, VPC. 

ACS, ATL, DUP, GAF, TRC, VPC, YAW. 
ACS, A'll., our, FAB, HN, TRC. 
ACS, A.TL, TRC, VPC. 
ACS. 
ATL. 
AAf', ACS, AfL, YAW. 
ACS, ATL, OLIP, GAF, TRC, YAW. 
ACS, ATL, DUP, TRC. 
ACS, ATL, GAF. 
ACS, ATL, CHG, OUP, FAB, GAF, HN, 1'RC, Vl'C. 
MP, ACS, ATL, FAB, HN, HSII, TRC, VPC. 
ACS, ATL, CMG, DUP, FAB, GAF', HN, HSH, TRC, 
ACS, ATL, DUP, TRC, YAW. 
ACS, AT!., OUP, C:AF, HStl, TRC. 
ACS. 
ACS, ATL, DUP, GAF, TRC, YAW. 
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TABLE4. --Dvc:s rnr. WHICH U.S. rronucno~i 0r.: SALE·> 1·1t:·:E REPORTED. 

IDENTIFir:D BY t1P.rlv:'l\ClUnE!':, Jf.(;·i.--Cor-~·;ii'!LiCD 

--------·-------------
Dye 

DIRECT DYES--Contrnued 

•oircct re<l dyes--Continu~d 
•Direct Red 39------------------------------------------­
Direct Red 46---------------------:---------------------
Direct Red 62---------------------~---------------------

*0irect Red 72------------------------------------------­
Direct Red 73- -- - --- - ------------ --·-- -- - - -- -- -- - --- -- - - -

*Direct Red 75---------------------~~--------------------
0ircct Red 76-------------------------------------------

• 0 i rE'c t f{e<l 79- - - - - - - - - - -- - - - - - - - - --·- - --- - - - - - - - - - _; __ - - -
*Direct hed 80----------------------:--------------------
*Direct Red g1----------------------:--------------------
*Direct ReJ 83----------------------~-------------------­
Direct Red 84----------------------!--------------------
Direct ~cJ 95-------------------------------------------
Direct Red 100---------------------~--------------------
0irect Red 111-----------------------------------------­
Direct Red 117---------------------~--------------------
Direct Red 120----------------------"--------------------

*Direct Red 122---------------------!-------------------­
*Direct Red 123---------------------~--------------------
Direct 127 and 127A----------------!--------------------
Direct Red 139----------------------i-------------------
Direct Red 149-----------------------------------------­
Direct Red 152----------------------~------------------­
Direct Red 153----------------------~------------------­
Direct Red 209---------------------~-------------------­
Direct Red 212---------------------:--------------------
0irect Red 236------------------------------------------
0l rect RPd 238------------------------------------------
0ther dilcct rec! dyci's----------------------------------­

• Jirect vio kt <lyes: 
Direct Violet 1-------------------:--------------------­

*Direct Violet 7-------------------!--------------------­
•Direct Violet 9-------------------_.---------------------
Direct Violet 14------------------~--------------------­
Direct Violet 22------------------~---------------------
Di re ct V io 1 et l\ 7 - - - - - - - -- - --- -- -- - -·-- - - - - ---- - -- - - -- - - - -
Oirec t Via l"t 4 8- - - - - - - - - - - - - --- - - -·-- -- - - -- - - - - - -- -- - - - -

*Direct Violet 51-------------------:-------------------­
Direct Violet 62-------------------~-------------------­
Direct Violet 66-------------------~--------------------
0irect Violet 67-------------------!--------------------
0ther d1n·ct violet dyes--------------------------------

*Direct Llue Jyes: 
*Direct Blue :------------------------------------------­
·n~~t Blue 2----------------------:-------------------­
*0irect Blue t•------------------------------------------­
•U1•ect Blue 8----------------------!--------------------
Direct Blue 14---------------------!--------------------

*Uircct Blue 15---------------------!--------------------
·~ircct Blue 22---------------------~-------------------­
•r1rect Blue 24---------------------!-------------------­
*Direct Blue 25---------------------!--------------------• 
Direct Blue 26------------------------------------------
·~ircct Blue 67---------------------!--------------------. . 
*Direct Blue 71-r---------------------------------------­
Direct Blue 74---------------------!-------------------­
Direct Blue 75---------------------!--------------------

•Direct Blue 76---------------------~-------------------­
*Direct Blue 78---------------------!--------------------
*Dircct Blue 80---------------------!-------------------­
Dircct llue 81---------------------~--------------------

*Direct Blue 86------------------------------------·--·--

t•t.1nufacturc·r.s' 1dentif1cat1nu Lodes 
(according to list in tohlc 3) 

ATL, our, GAF, me, YAW. 
ATL. 
ATL, TRC. 
A.CS, DUP, GAF, TRC. 
ACS, ATL. 
ACS, ATL, OIG, GAF. 
GAF. 
ATI., CMG, !IN, TRC, VPC. 
ACS, ,\LT, ATL, BDO, CMG, !'All, HN, HSH, Sflll, 
ACS, A.CY, ALT, ATL, CMG, l>UP, GAF, 11:1, l\SH, 

Vl'C, YAW. 
ACS, ALT, ATL, FAil, HN, !ISH, TRC, V!'C. 
ATL. 
VPC. 
ATL. 
GAF. 
DLIP. 
CMG, VPC. 
ATL, CMG, TRC, VPC. 
AIL, CMG, l;AF. 
ATL, CMG. 
ATL, VPC. 
AIL, CMG, DUP. 
CMG. 
ATL, CMG. 
TRC, VPC. 
VPC. 
DLIP. 
OUP. 
ALT, AIL, GAF, HN, HSH, TRC. 

ACS, ATL. 
ACS, ATL, GAF. 
ACS, ATL, our, GAF, !IN, TRC. 
ACS, AIL. 
DUP. 
GAF. 
ACS. 
ACS, AIL, OUP. 
ACY. 
ATL, TRC. 
lllJP. 
ALT. 

AAP, AU:i, ACY, ATL, DUP, GAF, HN. TRC, VPC, 
AAP, ACS, ATL, OUP, i"l!.11, GAi", !IN, HSll, T!<C, 
AAP, ACS, /\CY, ATL, ·our, GAF, llN, llSH, TRC, 
ACS, ALT, ATL, DUP, GAF. 
ACS, AIL, TRC. 
ACS, ATL, llUI', GAF, VPC, YA\~. 

ACS, AT!., CMG. 
AIL, llN, YAW. 
ACS, ATL, GAi', TRC, YAW. 
ATL. 
ACS, AIL, DllP, TRC. 
A.CS, l)..1L, Gl\F, TRC, VPC. 
DUP. 
TRC. 
ACS, AL r, ATL, CAF, llN, llSll, TRC, VPC. 
ACS, AfL, CMG, llllP, TRC. 
AC:j. ALT, AT!., llLIP, FAB, G~.F, llN, IJSH, me, 
\1 L. 
AM', t\ t. ~) , fll T, \J'L' D'IP, f,\ll, ~;°\(--' llN, I•X, 

me, Vl'C 

me, VPC. 
rnc, 

Y,\W. 
\"!'C' Y1\I>. 
YAW. 

\'l'C. 

Sill!, 



TABLE 4.--DYES FOR WHICH U,S PRODUCTION OR SALES WERE REPORTED, 

IDENTIFIED BY MANUFACTURER, 1971--CONTINUED 

Dye 

DIRfCT DYES--Continued 

*D1rect blue dyes-- Continued 
Direct Blue 87------------------------------------------
Dircct Blue 91-----------------------------------------­

•oirect Blue 98---------------------~--------------------• D1rcct blue 100-----------------------------------------
Uir~ct Ulue 104----------------------------------------­• 

:g:~~~~ ~;~~ ;;~~-~:~~===============~=================== 
Direct Blue 136---------------------!-------------------
Direct Blue 143---------------------~------------------­
Direct Blue 151---------------------~-------------------
Direct Blue 160----------------------------------------­
Direct Blue 189-----------------------------------------
Direct Blue 191---------------------~-------------------
Direct Blue 199-----------------------------------------

*Direct Blue 218---------------------~------------------­
Direct Blue 224---------------------!------------------­
Direct Blue 238---------------------:-------------------
Direct Blue 263-----------------------------------------
0ther direct blue dyes----------------------------------

*Direct green dyes: • 
*Direct Green 1-----------------------------------------­
*Direct Green 6----------------------!------------------­
Direct Green 8----------------------~-------------------
Direct Green 26---------------------!-------------------
Direct Green 27---------------------!·------------------
Direct Green 28---------------------!------------------­
Direct Green 38-!-------------------=-------------------
Direct Green 39---------------------!·------------------
Dircct Green 45---------------------!·------------------
Direct Green 46---------------------~-------------------
Direct Green 47---------------------!·-----------------­
Direct Green 51----------------------~------------------
Direct Green 69----------------------~------------------
0ther direct green dyes---------------------------------

*Direct brown dyes: 
Direct Brown 1----------------------!·------------------

*Direct Brown lA---------------------!-------------------
Direct Brown 2----------------------!·-----------------­
Direct Brown 3----------------------!·-----------------­
Direc~ Brown 6-----------------------~------------------• *Direct Brown 31-----------------------------------------
Direct Brown 32----------------------~------------------
Dircct Brown 33----------------------~------------------
Direct Brown 40----------------------~------------------
Direct Brown 44----------------------!·-----------------
Direct Brown 48----------------------~------------------
Direct Brown 59----------------------~------------------

*Direct Brown 74----------------------=-----------------­
*Direct Brown 95----------------------=-----------------­
Direct Brown 106---------------------~------------------

*Direct Brown 111---------------------:. ________________ _ 
Direct Brown 112---------------------~------------------

•oirect Brown 154---------------------:·-----------------
Diroct Brown 218----------------------------------------
0thcr <l1rcct brown dyes--------------------------------­

*Direct black <lyes: 
•u1rcct Black 4-----------------------!------------------
Direct Black 8-----------------------~------------------

*Direct Black 9-----------------------~------------------
Dircct Black 17-----------------------"------------------

*Dircct Black 19----------------------!-----------------­
*lli r<·ct Black 22-- ----------- --- --- -- --·----- ---- ------ -- -
-Direct Black 36----------------------:·-----------------

' 

ICJ. 
TRC. 
ATL, 
ALT, 
DUP. 
ATL, 
ATL, 
GAF. 
DUP. 
ATL, 
TRC. 
TRC. 
AAP, 
~UP, 
ACS, 
ATL. 
ACY. 
DUP. 
ALT, 

AAP, 
AAP, 
TRC, 
DUP, 
DUP, 
TRC. 
DUP, 
GAF. 
ATL. 
VPC. 
ATL, 
TRC. 
TRC. 
ACY, 

ACY, 
GAF, 
MP, 
VPC. 
TRC, 
MP, 
GAF. 
DUP. 
MP. 
GAF, 
MP. 
YAW. 
AAP, 
ACS, 
GAF. 
DUI', 
/\TL. 
ACS, 
ACS. 
ALT, 

ACS, 
TRC, 
ACS, 
GAi'. 
ATL, 
ALT, 
AAI'. 
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Manufacturers' identification codes 
(according to list rn t.ildc 3) 

GAF, TRC, VPC. 
/\TL, HN. 

DUP, FAB, HN, TRC. 
DUP, HSH, TRC, VPC. 

TRC. 

ACS, ALT, GAF. 
GAF, HN. 
ALT, ATL, DUP, FAB, GAF, HN, TRC , VPC . 

GAF, VPC. 

ACS, ACY, ATL, FAB, GAF, TRC, YAW. 
ACS, ATL, FAB, GAF, HN, TRC, YAW. 

TRC. 
TRC. 

GAF. 

DUP, GAF. 

ALT, DUP. 

ATL, HN. 
TRC, YAW. 
ACS, ACY, ATL, DUi', GAF, HN, HSH, TRC, 

YAW. 
ACS, ATL, DUP, GAF, TRC, YAW. 

YAW. 

ACS, DUP. 
ATL, DUP, FAB, GAF, !IN, llSH, TRC , YAW. 

GAF, TRC. 

DUP, FAB, TRC, YAW. 

ATL, HN, HSI!, VPC. 

ATL, GAF, 11~·. TRC, YAW .. 
YAW. 
ATL, DUP, HN. 

GAF, llN, Til.C. 
ATL, GAP, llN, me. VPC. YAW. 

YAW. 

'i 



TABL[4. --DYES FOR WHICH U,S, PRODUCTION OR SALES WERE REPORTED, 

IDENTIFIED BY MANUFACTURER, 1971--CoNTINUED 
--·---·----------------r------------------

Dye 

DlRLCT DYES--Continued 

•D1u. r Ltd dyes--Cont rnued ,. 
D•• .t Blach 37------------------------------ ---------­

*DP_, t Black 3B-------------------'----------------------
011 ct Klock 44-------------------;---------------------
'Sir~~t Bl,1ck 51----------------------------------------­
DiI<'• t Blnck 5(,-------------------~------------------ ---
Di1 .t Black 71-------------------~--------------------­
~.: RlJc~ 75-------------------~--------------------­
[l1r rt Bl~ck 78-------------------~------------------·--

'd•l ·ct l\l,1ck 80-----------------------------------------
~. Plach 190----------------------------------------
c,u, ·1 <lirect black <lyes---------------------------------

DISPERSE DYES 

•01spc1>c yellow dyes: 
D1s1· .sc Yellow 1--------------------------------------­
Di spc-J se Yellow 2--------------------------------------­

*L isi - ,5e Yellow 3-----------------!--------------------­
L· :.r ,e Yellow S-----------------!--------------------­
lJ.1sr1. se Yellow 8------------------"--------------------­

wDispcrse Ye! low 23-----------------'---------------------
D .s;·• e Yellow 31--------------------------------------
0isr· 'e Yellow 32-----------------'--------------------­
•oi~p- .e Yellow 33-------------------------------------­
"Di~pr· e Yellow 34-------------------------------------­
*Dispc -e Yellow 42--------------------------------------

['1' p• Ye I low SO- -- - - - - --- -- -----•-- - - - - -- ---------- ---
*D1 sp1: Yellow 54-------------------------------------­
Dtspc· ~ Yellow 58--------~----------------------------­
Dispt• P Yellow 63--------------------------------------
0isper e Yellow 67---------------------------------~---­
Disper se Yellow 68---------------------------·---------­
Dispcrse Yellow 69-------------------------------------­
Disper<e Yellow 74-------------------------------------­
Di•pcrse Yellow 77-------------------------------------­
DispersP Yellow 85-------------------------------------­
DispelsP Yellow 86-------------------------------------­
Disper•c Yellow 87-------------------------------------­
Di>pC'r '" Yellow 88-------------------------------------­
D1spc<ce Yellow 89-------------------------------------­
Disper'c Yellow 93-------------------------------------­
Disper_ L Yellow 95--------------------------------------
Dispcrsc Yellow 96-------------------------------------­
Dispcr<e )ellow 118------------------------------------­
Dispersc Yellow 125-------------------------------------
0ther d•<perse yellow <lyes------------------------------

*ll1spcrsc urange dy:s: 
1 

*Disper~c Ordngc 3--------------------------------------­
*D1srers0 Orange 5------------------~-------------------­
Dt~persc Orange 13-----------------=-------------------­
Disperse Orange 16-------------------------------------­

*Disperse Orange 17-----------------~--------------------
Dispcrse Orange 21-----------------!--------------------
*Disper~L Orange 25-----------------~-------------------­
Di~pcrse Oran~e 28-----------------!-----~-------------­
Disperse Oringe 29-----------------!-------------------­
Disperse OrJngc 30-----------------!--------------------
Dispcrsc Orange 33--------------------------------------
Dispcrsc OrJn~c 37-----------------;--------------------
Di~persc• •.1r.tl\1!C 38- - • - -- - - - - --- --- -- - --- - - - --- - - --- - -- - -
Disperse OrJnge Jl-------------------------------------­
~1sprrsC' Or3n~e Jl-------------------------------------­
lH::pt'rse nr.ln~c $?---------------·----------------------

Manufacturers' ic\c>nt i fi cat ion codes 
(according to list in ta~le 3) 

AAP. 
ACS, ACY, h\B, GAF, HN, HSH, TRC, YAW. 
TRC. 
AAP, ACS, DUP, 
ACS, TRC. 
ATL. 
GAF. 
ACS, JIN. 
AAP, ACS, ATL, 
ACS, HN, 1RC. 
ACY, ALT, ATL, 

GAF, !CI. 
DUP. 

GAF, TRC. 

FAB, HN, llSH, TRC, YAW. 

HSH, TRC, YAW. 

AA.P, ALT, DUP, GAF, HN, HSH, ICC, TRC. 
GAF, HN, ICC. 
TRC. 
AA.P, ALT, DUP, EKT, GAF, HN, ICC, TRC. 
GAF. 
DUP. 
AAP, EKT, GAF, ICC, TRC. 
AAP, EKT, ICC. 
AAP, ALT, BUC, DUP, EKT, GAF, HN, ICC, MAY, SDC, TRC. 
TRC. 
AAP, DUP, GAF, ICC, SOC, TRC. 
HST. 
HST. 
DUP. 
HST. 
ACY. 
VPC. 
VPC. 
EKT. 
MP, EKT. 
EKT. 
EKT. 
EKT. 
VPC. 
VPC. 
VPC. 
MP. 
soc. 
EKT, MAY, SOC, TRC, VPC. 

AA.I', DUP, GAF, llN, llSH ICC, TRC. 
AAP. BUC, [Kl. GAF' ICC. sue. 
llST. 
AAP. 
AAP, EKT, GAF, !IN, HSH, ICC. 
TRC. 
DUP, EKT, JIN, Tll.C. 
MP. 
AAP, GAF. 
ICC, TRC. 
ALT, llST. 
TRC. 
me. 
lllll'. 
illlP. 
L~f, 
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TABLE4.--0YES FOR WHICH U,S, PRODUCTION OR SALES WERE REPORTED, 
IDENTIFIED BY MANUFACTURER, 1971--CoNTINUEO 

Dye 

DISPERSE DYES--Continued 

•iJisperse orange dyes--Continued 
Disperse Orange 58-------------------·------------------
Disperse Orange 59-------------------------------------­
Disperse Orange 62-------------------------------------­
Dispcrse Orange 65--------------------------------------
Di>pcrse Orange 75-------------------------------------­
Dlspersc Orange 78--------------------------------------
llisperse 01a11ge 89--------------------------------------
Pispcrsc Orange 90--------------------------------------
Dispersc Orange 94--·-----------------------------------
0th~r J1sper~;e orange dyes------------------------------

•oispcr•c r~d dyes: • 
*D1spcrsc H~d 1------------------------------------------
Disperse Red 4---------------------;--------------------

•gi!~:~~= :~~ ~=====================~==================== Disperse Red 9------------------------------------------
*Disperse Red 11-----------------------------------------
"Disperse Red 13-------------------_.---------------------
*Disper>e Red 15-----------------------------------------

.g~;~:;:: ~:~ ~~====================~==================== 
~!:~~~:: ::~ ;~=======::::::::::::=~==================== 

*Disperse Red 55-----------------------------------------
Disperse Red 56-------------------:---------------------
Dispcrse Red 59-----------------------------------------

*Disperse Red 60---~-----------------------------------­
*Disperse Red &5-------------------:---------------------
. Disperse Red 66-----------------------------------------

Disperse Red 73--------------------~-------------------­
Disperse Red 78----------------------------------~-----­
Dispersc Red 82-----------------------------------------
Disperse Red 86-----------------------------------------
Disperse Red 88-----------------------------------------
Disperse Red 90-----------------------------------------
Disperse Red 96-----------------------------------------
Disperse Red 117---------------------------------------­
Dispersc Red 133---------------------------------------­
Disperse Red l3b----------------------------------------

. Disperse Re<l 137----------------------------------------
Dispcrse Red 138---------------------------------------­
Disperse Rc<l 140----------------------------------------
Disperse Red 159----------------------------------------
Dispersc KcJ 161---------------------------------------­
llispcrsc Red 167---------------------------------------­
Dispersc Red 176----------------------------------------
Disperse Red 177---------------------------------------­
Dispersc Red 178----------------------------------------
Disperse Red 179----------------------------------------
Disper~e Red 180----------------------------------------

Manufacturers' iJcnt i fic·at ion .:o,k• 
(according to Ii> t 111 t.1b le 31 

A.AP, EKT. 
EKT, ICC. 
BUC, DUP. 
VPC. 
DUP. 
TRC. 
MP. 
AAP. 
SDC. 
MP, 

AAP, 
GAF, 
AAP, 
AAP, 
ATL. 
AAP, 
AAP, 
GAF, 
AAP, 
EKT, 
rec. 
EKT. 
ICC. 
AAP, 
OUP. 
ACY, 
AAP, 
DUP, 
AAP. 
TRC. 
ICC, 
VPC. 
EKT, 
EKT. 
VPC. 
A.CY. 
EKT. 
VPC. 
EKT . 
EKT. 
EKT. 
DUP. 
VPC. 
DUP. 
GAF. 
ICC. 
ICC. 
ICC. 
ICC. 
ICC. 

ALT, 

DUP, 
ICC, 
EKT, 
GAF. 

DUP, 
DUP, 
HSH, 
DUP, 
TRC. 

DUP, 

DUP, 
ALT, 
E~'T, 

TRC. 

GAF. 

ATL, n.T, GAF, MAY, SOC, VPC. 

OKT, GAF, HN, HSH, ICC, TRC. 
TRC. 
GAF, HSH, ICC. 

GAF, ICC. 
GAF, ICC. 
ICC, TRC. 
EKT, GAF, ICC, TRC. 

GAF, HN, TRC. 

GAF. 
ATL, DUP, El;T, GAF, HN, SDC, TRC, 
ICC, TRC . 

frC:. 

0thrr disperse red dyes--------------------------------­
*Oi spcrse violet dyes: 

AAP' A.TL, DUP, E '.:T. GAF, ICC. MAY' SDC. me. VPC. 

•Di spl>rse Violet 1- - -- - - - - -- - - - - -- -- - - -- -- - - - -- - ---- - - - - -
•Disperse Violet 4--------------------------------------­
Dispcrsc Violet S--------------------------------------­
Dispcrsc Violet 17-------------------------------------­
Dispcrse Violet 18-------------------------------------­
Diqwrso V iu let 26---- ------ ---- ------ -- ----------- -----

*Di spcrs<) Violet 27--------------------------------------
Dispcrsc Violet 28------------------------------------·­
Disprr•e Violet 41------------------------·-------------
0isperse Violet 42-------------------------------------­
Di~pcr>c Violet 43--------------------------------------
Dispcrse V1olot 44--------------------------------------
0thcr J1spcrse violet dyes------------------------------

AAP, GAF, HSll, I.:C, TRC. 
MP·, GAF, ICC. 
GAF. 
DUP. 
OUP. 
DUP. 
AAP, ACY, DUP, EKT, ICC, TRC. 
TRC. 
EKT. 
EKT. 
o.T. 
EKT. 
GAF, MAY, snc. 
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TABLE 4--DYES FOR WHICH U.S. PRODUCTION OR SALES WERE REPORTED, 

IDENTIFIED BY MANUFACTURER, 1971--(0NTINUED 

Dye 

DISPERSE DYES--Continued 

"Oispcr~e blue dyes: 
•[Ji spersc 11 l ne l - - - -- -- - - - - ---- --- - • - -- - - --- - -- - - - ---- - - -

•r1~~pc·1·sc Bl11c 3----------------------------------------­
*DJ ·.pcc~e !due 1------------------------------ .. ----------

Uicpcrsc Blue 9-----------------------------------------
01 ~per~t· Bl uf' 27 - - --- - - ---- -- - - ------ -------- ------- -----

D ispcrse Rluc ;~----------------------------------------
01~~,t.~r'.e LJ!ue ~l l---------------------------------------­
n1~1)c1~c Blue 55-·--------------------------------------
lJ 1 'PL'!'SC H l tH.· 56- - -- - - -- - - - - ... - ------ - - - -- - - - --- --- -- .. _ --
u, .pcrsc U!uc 59----------------------------------------
0isperse Gluc 60----------------------------------------
Dispcrse Blue bl--------------------------------------·­
Di •per~e Blue 62----------------------------------------
0Lsper•e lllcJc 63----------------------------------------

"Disperse Blue b4-------~-------------------------------­
D1•perse Blue 70---------------------------------------­
Dispcrse Blue 71---------------------------------------­
Dispersc Blue 72---------------------------·-----------­
Disperse Blue 73----------------------------------------

*Dispei •c Blue 79--------·------------------------------­
Dispersc Blue 8l--·-------------------------------------
01spersc Blue 85----------------------------------------
0ispcr•e Blue 9~------------------------------·-·-------
0isperse Blue 95----------------------------------------
Disperse Blue 102---------------------------------------
0isperse lllue 109---------------------------------------
Disp~rse Blue 112---------------------------------------
0isperse Blue 117-----------------------------------·---
0isperse Blue 11'8-----------------------------------·--­
Disperse Blue 119--------------------------------------­
Disperse Blue 120-----------------------·---------------
0isprrse Blue 121--------------------------------------­
Disperse Blue 123---------------------------------------
Dispcrse Uluc 125----------------·--·------------------­
Dispersc Blue 133---------------------------------------
Dispcrse Blue 139--------------------------------------­
Dispersc Blue !SO------------·-------~------------------
P1spcrse Blue 152---------------------------------------
Dispcrse Blue 155---------------------------------------
Disperse I° :uc' 166---------------------------- ·----------
Other di<pcrsc blue dyes-------------------------------~ 

Di spcrsc green dyes- - -- - -·- - - - - - - - - - - ----- --- ------- ------­
Disperse bro~n Jvcs: 

Disperse Brown 1- - - -- - -- - - - - - - -- - .. -!- - --- ------------- -
*Disperse Brown 2---------------~----!------------------­
Dispersr Hrown 7-----------------------···--··----------
0isperse l\rmm 8- - -- - -- - - --- - - - --------- --- -- - - --- -- - -- -
Disperse B1own 11---------------------------------------
0ther Jispcr~e brown dyes---------------·---------------

•n1spcrse bld~k dyrs. • 
0 Disper~P RI 1c~ l--------------·--·----------------------
01,per•e HlacL 2·--------------------t·-----------------
n1~pe1•c B!Jck 9---------------------!----------·-------
0isper<v l\ld~~ ~5----------------------------------·----
Pisper•P Bl~c~ 34--------------------------------·- ---­
Other Jt>p~r•c hla~k Jyes-------------------------·--· --

flfl'.H-llr\l'r!Vr l1YES 

* RcaL ti Vl' \ i· l l o\o\ dyl"S: • 
Re~ctiv<' \'\'1101< !------------·--·----·-----------------· 
R(':h'tive \cl low:---------------------:------·-· -------
Rt".tct1v~ Yl·ll"'h .l- ... ----------·- .. ------.------·---·--··--

W.t"a ... • t 1 i. e l t' 1 ~ ''"' -I - ... - - - - - - - - - - - - - - - ... - - - - - - - - - - - - - - • - - - - - -

----- ---- -------

Manufacturer~· 1Jcnt1i1cJtton coJc• 
faccord1ng to list 1n table 31 

AAP, BAS, GAF, ICC, Tf;C. 
,\.\P, UUI', EKT, GAF, IJN, !ISi!, ICC. me. 
!:KT. GAF. HN' HSfl' IC:C. me. 
GAF, ICC. 
!:KT, TRC. 
ICI. 
ICC. 
TRC. 
VPC. 
THC. 
OUP. 
DUP. 
DUP, GAF, S!JC. 
DUP. 
OUP, EKT I GAF' TRC. 
AAP. 
VPC. 
!CI. 
1 RC. 
AAP, EKT, TRC. 
Vl'C. 
TRC. 
BAS. 
GAF. 
F.KT. 
DUP. 
EKT. 
EKT. 
EH. 
l:KT. 
EKT, GAF. 
EKT. 
EKf. 
TRC. 
OlJP. 
VPC. 
DUP. 
HST. 
GAF. 
ICC. 
ALT, ATL, DUI', rKr, CAI', HN, HSH, ICC, MAY, snc, 

TRC, VPC. 
GAr, TRC, \'PC. 

TRC. 
t:'lJP, E!CT, GAF. 
HT. 
\'PC. 
,\/'.P • 
GAf·, 

/\All, 
\1L, 
MP, 
l:.t.:T. 
L1' \'. 

ICC, SDC. 

!llJP, r..~r, 

Tl<C. 
I.KT. 

l'RC. 

ALT, ATL, !1lll', C.\1-, ICC, SflC, Vf'C. 

ll'i r, 11. I . 
lkC. 
ll'C. 
fl•,f, IC!. 

266 



TABLE 4,--DYES FOR WHICH U,$, PRODUCTION OR SALES WERE REPORTED, 

IDENTIFIED BY MANUFACTURER, 1971--(0NTl~UED 

Dye 

FIBER-REACTIVE DYES-·Continued 

•Reactive yellow dyes--Continued • 
Reactive Yellow 6-------------------~-------------------
Reactive Yellow 7---------------------------------------• 
Reactive Yellow 13--------------------------------------• Reactive Yellow 18--------------------------------------
Reactive Yellow 22-------------------------------------­
Reactive Yellow 25-------------------------------------­
Reactive Yellow 31--------------------------------------
Reactive Yellow 37-------------------------------------­
React1ve Yellow 60--------------------------------------
Reactive Yellow 61-------------------------------------­
Reactive Yellow 62--------------------------------------
0ther reactive yellow dyes------------------------------

Reactive orange dyes: • 

~::~~~~: g~:~~= !===================~=================== Reactive Orange 5-------------------~-------------------
Reactive Orange 12-------------------------------------­
Reactivc Orange 13-------------------------------------­
Reacti ve Orange 14-------------------------------------­
Reactive Orange 16-------------------------------------­
Reactive Orange 50--------------------------------------
0ther reactive orange dyes------------------------------

Reactive red dyes: 
Reactive Red 1---------------------!-------------------­
Reactivc Red 2----------------------~-------------------
Reactive Red 4----------------------~------------------­
Reactlve Red 5----------------------~-------------------
Rcact ive Rrd 8-----r----------------~-------------------
Rcclctive Red 11---------- -----------·--------------------
Reactive Red 21---------------------~------ 7 -----------­
Reactive Red 29-----------------------------------------
Rcactivc Red 31----------------------------------------­
ReactJve Red 33----------------------------------------­
React• c ~cd 35----------------------------------------­
Reactivc Red 40----------------------------------------­
Reactive Red 41----------------------------------------­
Rcactivc Red 58----------------------------------------­
Reactive Red 92----------------------------------------­
Reactivc Red 93----------------------------------------­
Reactive Red 94-----------------------------------------

React 1 vc v1 ''l' t dyes: 

Reactive Violet 1------------------!--------------------
Reactivc Violet 2---------------------------------------
Reactive Violet 4------------------!-------------------­
Reactive Violet 5------------------1--------------------
0ther reactive violet dyes------------------------------

*Reactivc hlue dyes: 
Reactive Blue 1----------------------------------------­
Reactive ~Jue 2----------------------------------------­
Reactivc Blue 3----------------------------------------­
Reactive Gluc 4----------------------------------------­
Reactive Blue 5-----------------------------------------
Reactive Dlue 
Reactive Blue 
Reactive Blue 
Reactive Rlue 
Reactive Blue 
Reactive lllue 
Reactive Blue 
Reactive !Hue 
Reactive Blue 
Reactive l\lue 
Re.ict i Vt."• Hluc 
Re.act 1 • t' lll11e 
Rc.u.:t l vc Bl11e 
Reactive Blue 

7-----------------------------------------9 ____________________ ! ___________________ _ 

19----------------------------------------20------------- ------! ___________________ _ 

21- --------------------------------------
25- ---------------------------------------
29----------------------------------------
30----------------------------------------
38----------------------------------------
80- -------------------------------------
87 ---------------------------------------
88----------------------------------------
89----------------------------------------
90----------------------------------------

Manufacturers• 1Jent 1 fie.it ion <:llJt's 
(accorJing to ll~t 111 t.1h le ~I 

HST, TRC. 
HST, !CI. 
HST. 
!CI. 
!CI. 
VPC. 
HST. 
UST. 
ACY. 
ACY. 
ACY. 
HST. 

ICI. 
ICI. 
TRC. 
ICI. 
ICI. 
ICI. 
HST. 
HST. 
HST. 

ICI. 
ICI. 
TRC. 
ICI. 
ICI. 
ICI, TRC. 
HST. 
ICI. 
!CI. 
ICl. 
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. 
N:.Y. 
ACY. 
HST, 
HST. 
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TABLE 4. --DYr: 
!DEili" ,·:Ell L'-' ,, '' 

··1··'" 
< ~ i ' 

., 

t-1 u1uf.-tcturt'1'5' id<"nt i f1cat j l 1 11 codes 
taCL0l'UlJ\L to 11st lil L 11 lv :, ) 

-----------------------------------·--· 

*R:.ict l ve h ! u1' dVl'' - -Cn11t ! nu0d 
Hc~t• ll'o.l hJlit· ~>1--- ------------ ----------------------­
Oth.:1- It...t\..t!\\.' bllll_' .!yt:'->-------------------------------­

Rc,1,._·t11 e t'.i l 1·11 ' \..!:'. 

lk~-tct l \r l' 1~rt'1·:: ,, - -

11 .. 1. 
!.'·' • !CJ. 

J, I, 

Rl•cJct1vc Lrct r• :n-- ---- --------------------------------- llST. 
fk,11..t1\e l'nH,.n r,1Jl'....,, 

l\e JC t l Vt• BJ m,,r I' l \, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Other rt'.JCt~._,_. t.;,'.;i dye~------------------------------ .1. 

*Re,\Ltl\'C' bl,1\._·~ Jvt-:. 

rcact11c b!Jc' l------------------~--------------------­
kcdct1•e BlarL '.·---------------------------------

FluorP~cent 

:-· 1 U'Jro;.;cent 
Fluore.,ccnt 
Fluorescent 
Fluorc~cent 

i'lt .. ure:-cent 
f'luorescent 

', l 11Q:·~scent 
t l\lores....:ent 
rluores;:cnt 
1 luorcsccnt 
.-i uorescent 
t lucrfsccnt 
f luoresccnt 

f'LllOltL'.c>(L\l ~R!Gfrll'il:'-:G AGl\TS 

Ar1g•1tcll L n~ \ :e?1t 

8r1~":1tt 1lu11.; 1\, t·nt 
Br1ghtl'111n;: ,11::e·1t 
En.)1~('J1lng r'qL~nt 

Br1 :'h ten1 ng 1\~ 1 i.:nt 

1l.(· L gh t en1 n~~ \:;~cnt 

Brightening "g~·nt 

Br1ghte11111~ {i.1'L' ilt 

Br11.~htcltlTI6, ; gent 
Br: );ht f'Hl np, Anent 
lir1~:ntt n111_~~ .\,',20t 
Bri c:hten111g ,\gl'nt 
Bnghtcning ·\~ent 

brl c~/itPO tng A;.-:ent 

1---------------------------
6---------------------------
8---------------------------
~} ---------------------· ----
:2--------------------------
~4--------------------------
r,,-
,/.. )---~----------------------

28---~---------------------­
:\ll- --· ----------------------

33--------------------------
45--------------------------
40---------------------- ----
49--------------------------
52--------------------------

, luorcsce~t t~r1ght(._'11,n~~ ,\t:cat S'i-------------------------­
: lLt..·rt:scent Br1~htenin~ /,t;-.'nt S9-------------------------­
r luorescent rri~l:tcl'tng A:;~nt 61------------- .. ---· -------­
Fluorescent 8r1£hlcn1n~ ~~cnt 6H-------------------------­
nuorc'S<:cnt 8rightt'l\l/1g ·\rent 71-------------------------­
Fluor0.,c~nl Brq.;!)tcni11g ,\~cnt lS-------------------------­
Huorcsc.;nt Brightening 11,;L·nt 102------------------------­
F!uore,cc·nt Bri,;htl'ni.1~ ,1;;cnt 108------------------------­
~lul>rcsccnt B1·1r~1tcr11r1g ~gent 109------------------------­
l luorcsC'''.'nt 111 it.hten1ng Ai;ent 125------------ ... ---------· ... -
i--lu .. iresccnt ~rir~hten1ng J\!'Cnt 126--------1.---------------­
! Ju.1n'scent llr:hhte111ng A1'.<'nt 121<------------------------­
Huoresccnt Brightenin,_ A~ent 130------------------------­
f'luorc~ccnt nrt,'hten1ng A~;cnt 134------------------------­
~luorc>c..'nt llnghtt·ning '\gene l30------------------------­
flun1cscenl Br1~hter1ng Agent l~~J------------------------­
l luorcsce11t Br1~f1tcr1in~ Agent 158------------------------­
' 1r.4)rC'?Ct,,nt Hr1.phten1ng .t\~ent l~,·1-------- -----------------

I' 111.C. 

Ll.Y. 
/,CY. 
J\C'(. 

l:Al', SDil. 
er;,. 
t.CY. 

i c, , CL\\, OUP, SDll, VPC. 
r.i\1'. 

('\1'. 
·!m:. 
LG,". 

.-·'. 
I i~Y. 
t;1:,-

\CY. 

l.C'd' GJ\F. 
. "C:Y, GA!· • 
G.\F. 
i)lJf', Vl'C. 
1 ~AF. 

l_,1\F. 

ACY. 
'..ill!. 

'llll. 
1:1 

' ; 

" " 
\I: I , 
\ 

1.1~1ra~ccnt Bri~~1tcn1·t~ Agent :s~------------------------­
~r:I f11 :-resl:i>nt t'nrilte:i1ng .1gPnt~---------------------- ' .. CCI'/. CCY. GAF. rcw. s' Vl'C. 

FOOD, DHUG, ANO COSll! nc COLOHS 

Fcod, ··.,·ug, awl : ·, "''''''t ~" /!ycc 

""!fitC klue Nn. !---------------------------------~---------

" i· 0,l; '. fJ 1 UL• ~to. 2 - - - - - - - - - - - - - - - - - - - - - - - - - - - ... - - - - - - - - ... - - - - - -

f ••• r Grcl'n No. '------------------------------------------
"fl1~,L Red N'l. 2----- ----------·---!---------------·-------

ft1,·11: ~1·J N·'· .1. -- ... --------------~----------------------
"'lli.1 \.1 )l(·t ,'ltl. l ----------------·-----------------------
• rp·1~ ) ~· 1 b\w- :\n. 
tr IJ:-,c Yl"l in\.I "'' 

'-· . ---------. _,,, __ .., _______ . - -------- ~ ·-
I --- --·---------- - ., ·-----

1 Jt!\1,,.l t0'lJ, J,•t;..~, ,\t)J ._:,)~,['tl( t l1..' .l)l'~,- _, --•--·., ··--•- .... ,. ..... _ .. 

"' 
\( 
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. " ALT, ... i\I. r, 

. r, •I I. 

'• r\LT, 

" 1\I '' 
}_l)'~, 

" 
[lll, 

" .\: r. 
•, ,'•I.I, 

}._l)'j, SDI!, WJ. 
lcO~,, SPll, WJ. 

i:nr-., ~Oil, ~TC, 11.J. 

t..or., ~' l ll I ' ~IG, 11.J. 
~;re. 

1 .. 1. 

''.)'.;' '• l c, WJ. 
~tJ'•, ~~ l •! I • '>i'G, h I, 



TABLE4~--0YES FOR WHICH U.S. PRODUCTION OR SALES WERE REPORTED, 

IDENTIFIED BY MANUFACTURER, 1971--(0NTINUED 

Dye 

FOOD, DRUG, ~~D COSMETIC COLORS--Continued 

Dr>UiJ and Coemetic Dyes 

D&C Blue No. 6--------------------------------------------­
D&C Green No. 5-------------------------------------------­
D&C Green No. 6-------------------------------------------­
D&C Green No. 8--------------------------------------------
·o~C Orange No. 4--------------------~----------------------

D&C Orange No. 5-------------------------------------------
DCC Orange No. 10------------------------------------------
D&C Orange No. 17-------------------!---------------------­
D&C Red No. 2----------------------------------------------
D&C Red No. 3----------------------------------------------

*D&C Red No. 6-----------------------~---------------------­
*D&C Red No. 7-----------------------=----------------------

D&C Red No. 8-----------------------!----------------------
*D&C Red No. 9-----------------------=---------------------­

D&C Red No. 10----------------------~----------------------
D&C Red No. 11----------------------~----------------------
D&C Red No. 12---------------------------------------------
0&C Red No. 13----------------------!----------------------
0QC Red No. 17-----------------------~---------------------

*04C P.ed No. 19--------------------------------------------­
*0&C Red No. 21--------------------------------------------­

D&C Red No. 22------------ ------------------------------­
D&C Red No. 27--------------------------------------------­
D&C Red No. 28--------------------------------------------­
D&C Red No. 30--------------------------------------------­
D&C Red No. 31·----·---------·------!---------------------­
D&C Red No. 33----------------------!---------------------­
D&C Red No. 34-----!----------------!----------------------

*D&C Red No. 36-----------------------0
---------------------­

D&C Red No. 37------------------------------·---------------
D&C Yellow No. 5-------------------------------------------
D&C Yellow No. 6------------------------------------------­
D&C Yello~ ~o. ;-------------------------------------------
O&C Yelle~ ~o. 8-------------------------------------------
D&C Yellow No. 10-----------------------------------------­
D&C Yellow No. 11------------------------------------------

D:rug and Cosmetic Dyes, Externai 

Ext. D&C Green No. 1--------------------------------------­
Ext. D&C Yellow No. 1-----------------•---------------------
Ext. D&C Yellow No. ?--------------------------------------

INGRAIN DYES 

Ingrain blue dyes: 

KON. 
ACS, 
ACS, 
KON, 
KON, 
SNA, 
'INS. 
SNA. 
KON. 
KON. 
KON, 
KON, 
KON, 
KON, 
KON, 
KON, 
SNA, 
SNA, 
KON. 
ACS, 
KON, 
KON. 
SD!I, 
ACS, 
KON, 
KON. 
ACS, 
KON. 
ALT, 
ACS. 
KON, 
KON. 
ALT, 
KON, 
KON. 
KON. 

ACS, 
ACS, 
KON. 

Ingrain Blue!------------------------------------------- ICI. 
Ingrain Blue 3 ----------------------------------------- ICI. 

MORDANT DYES 

•Mordant yello1> dyes: 
·~ordant •ellow l 
'lordant le I lo" \ 
MorJant Yl'llo• 

• ---------------------------------------• 
·-· ·--------~---------------------­

. -.... -------·-- ... --------------------·~torJant Yel lo" 
'lord ant Ye l lo" 
~lorJ;int Yellow 
MorJant Ye 1101> 
'lorJant Yel lc11; 
~lord ant Yel loe< 
~hJrJant Yelle" 

8 
\4-
16·. 

• -----· ------------------------------
--------------~---------------------~ 

20-----------------! .......................................... -

76- ·---------------~----------------------29-- _______________ ! _____________________ _ 

>O------- ---------!--------------------·-

?f,7 

ATL, 
ATL. 
TRC • 
ACS, 
ACS. 
ACY. 
ACS, 
VPC. 
GAF. 
TRC, 

ALT, 
ALT, 
SDH. 
SNA, 
11-IS. 

SNA, 
SNA, 
SNA. 
SNA, 
SNA. 
SNA. 
ThlS. 
ThlS. 

KON, 
SNA, 

SNA, 
1MS. 
Th!S. 

KON. 

KON, 

1MS. 

KON. 
ThlS. 

KON. 
KON. 

Manufacturers' 1dent1f1c"tion coJPs 
(according to list in table 3) 

KC"!. 
KON. 

TMS. 

1MS. 
1MS. 

TMS. 

SNA, 1MS. 
1MS. 

Th!S 

1MS. 

GAF, PDC. 

PDC, VPC . 

ATL. 

VPC. 



TABLE 4.--DYES FOR WHICH U.S. PRODUCTION OR SALES WERE REPORTED, 

IDENTIFIED BY MANUFACTURER, 1971--CONTINUED 

Dye Manufacturers' idcntifi<:atl0n coJe'_, 
(according to list in table 3) 

MORDANT DYf.S--Continued 

*Mordu 1t or.rnge dyes: 
~~01 ~~ant OrJ.n~c 1- ... - - - - - - - --- ... --- -- ~---------- -- -- -- - -- - --
:.10 rJ:mt llr:mge 4- - - - - - - -- - - --- ----~- - - - --------- -- - --- - --
MorJ .mt Orange 6--- -- - - - - -- _______ !_ --- ------ -- ------ -- --
elorJ:mt Orange 8- -- - - - - - - - -- - --- __ ! ___ -- ------ ---- -- - - -- -

·~1.,rJ,mt l'"·J <lyes: 

ACY, PDC, TRC. 
GAF. 
ATL, GAJ·, PDC, TRC. 
TRC. 

ACY. 
PDC. 

MorJant RcJ 3-------------------------------------------­
Mor<lant Red S---------------------!---------------------­
:.10r<l.o<t Red 7--- - -- - - -- --- --- ----- -·-- -- ---------- ---- --- -
~lurd.J11t Re<l 9----- - - -- -- - --- --- -- - -•- ---- ------ -- ------ -- -

ACY, ATL, BOO, CMG, G1\F, l'DC, TRC, VPC. 
MRX. 

M0rdant Red 11------------------------------------------- ACY. 
MorJa:it HcJ 64---- -- -- ---- -- - - -- ___ !, __ -------- ---- -- -- -- - PDC. 

Mordant violet dyes: 
Mordant Violet 5-------------------!--------------------- PDC. 
MonLrnt Violet 11------------------ ---------------------- GAF. 

Mordant blue dyes: 
Mo1dant Blue 1------------------------------------------- GAF. 
Morclm1t Blue 3------------------------------------------- GAF. 
Mor<l<mt Blue 9---------------------'=---------------------- GAF. 
~lordant Blue 13--------------------~--------------------- ACS. 
Mordant Blue 19--------------------~--------------------- CMG. 

''lord ant green dyes: 
Mordant Green 11-------------------~--------------------- ACY. 
Mordant Green 36-------------------~--------------------- PDC. 

· 1ordant brown dyes: 
•Mordant Brown 1-- - - -- - - - - - - - -- - - -~ - -'- - - - - - -- --- - -- - - - - - - - ACS, OIG, DUP, GAF, TRC, YAW. 

Mordant Brown 12--------------------~--------------------
Mordant Brown 13--------------------~--------------------
Mordant Broi<n 15---- - -- -- - ------- -- -~ -- ---- ------ -- - --- -­
Hordant Brown 18- - • - ---r------------~ · -------· -------- ---
Mordant Brown 19----------------- __ _! _____________ ------ --

Mordant Brown 21--------------------~--------------------
•Mordant Brown 33-- ----- -- ----- ---- --·-- -- ---------------- -
*Mord ant Brown 40-- -- -------------- - -~ - --- --------- ---- - - -
Mordant Brown 50--------------------!--------------------
Mordant Brown 63--- ---- -· ---- ------ _! _ - -- ----------- ---- -

Mordant Brown 70--------------------~--------------------
*Mo rd ant b 1 ack dyes: 

Mordant Black 1------------------ ---~ ------------- ----- --
Mordant Black 3---------------------~-------------------­
Mordant Black 7---------------------~-------------------­
Mordant Black 8---------------------!-------------------­
MorJant Black 9---------------------!--------------------

«'·lordant Black 11--- ------ -- -------- - -•- ------- ----- --- ----
~1or<lant Black 13- ------- · -- ------- -- -- -- ---- -- ---- - · --- --

*Mordant Black 17--------------------!·-----·------------­
f!ordant Black 19--------------------!--------------------
Mordant Black 26--------------------'--------------------

OXIDATION BASES 

Oxidation Base 8 and 8A------------------------------------

Ox1dation Base 21---------------;--------------------------
0iidation Base 22------------------------------------------
0xtddtion Base 25------------------------------------------
0ther OXldat ion bases- - --- - - - - --- --- -- - - - - - - ---- --- - -- -----

SOLVENT DYES 

*Soln~nt V<'llow J,·cs: 
'',>l\'cnt. )cl low -1-------------------------·----------------

"'Solvcnt Yellow ~------ ... -------- ............. !- ............................. - ............... -
Solvent Yellow 3--------------···---~----------------·---
'.'o Iv en t ' t'l 1 ow 13- - - • - - - - - - - - - - - - - - - ! - - - - - - - - · - - - · - - - - - - -

PDC. 
ACS, 
GAF. 
ACS, 
GAF. 
GAF, 
ACS, 
ACS, 
TRC. 
TRC. 
DUP, 

ACS. 
ACS, 
GAF. 
VPC. 
ACS, 
ACS, 
HSH. 
ACS, 
PDC. 
TRC. 

ACY. 
PDC. 
ACY. 
ACY. 

DUP. 

VPC. 
GAF, 
CMG, 

PDC. 

TRC. 

vrc. 
GAF, 

ACY, 

ACY, CMG. 

MP. 

PDC, TRC. 
GAF, VPC, 

TRC, VPC. 

GAF, TRC. 

AAP, our, GAF, vsc. 
ACS, PSC. 
ACY. GAF. rsc. 

270 

YAW. 

• 



TABLE4·--DYES FOR WHICH U.S. PRODUCTION OR SALES WERE REPORTED. 

IDENTIFIED BY MANUFACTURER, 1971--(0NTINUED 

Dye 

SOLVFNT DYES--Continued 

·s~lvcnt yellow ..!ye<--[ontinued 
•solvent Yellow lJ- --- ----------------. · ---- -------- ----­
Solvent 'el low 10-------------------------- ·-----·-- ----
Solvent Yellow 29--------------------:------------------­
Solvent Yellow 30--------------------!·------------------
Solvent Yello• 35---------------------------------------­
~olvent Ycllo• 34----------------------------------------
''" vent \' e 11 OI< 4 0- - - - - · - - - - - - - - - - - - - - · - - - - -- - - - - - - - - - -
Solvent Yellow 42---------------- ---------------------
Solvent Yello• 43------ ------------ ---------------- ----
Solvent Yellow 44-· ·------------------------------------­
Solvent Yellow 45----------------------------------------

•Solvrnt 'cllow 47---------------------------------------­
Solvcnt Yellow 56------- · -------------·-------------------
Solvent 'ellow 71---------------------------------------­
Solvent Yellow 7?----------------------------------------
Solvent Yellow 87----------------------------------
0thcr solvent yellow dyes-------------------------

*Solvent orange dyes: 
Solvent Orange 2-------- ---------- --------· ------

*Solvent Orange 3----- ---------- ;---w--------------
Solvent Orange 5--- · - ----- -;------------------

*Solvent Orange 7---- ------ ---------------- -----------
Solvent Orange 20---- ~ -----~ -------~--- ·------~-----­
Solvent Orange 23----· ----------------------------------
Solvent Orange 24--- --------------------------------
Solvent Orange 25- ·- ------------------------- --
Solvent Orange 31----~----------------------------- -----
Solvent Orange 48-- · --- ---------------------------------
Solvent Orange 51-- ---- --------------------------­
Other solvent oraJlge dyes- ·-------------·---------------

*Solvent red dyes: 
Solvent Red 1------------------------~------------------­
Solvent Red 8------------------------!--------··--------­
Solvent Red 22------------- ··--------!-------------- ---­
Solvent Red 24-----------------------!-------------------

*Solvent Red :6-----------------------:-------------------
Solvent Red 27 - - - - -- ------- -- --- -- - - .!. -- -------- -- -- -- - -
Solvent Red 33----------- ------- ----"------------------­
Solvent Red 35----------------- ----!-------------------
Solvent F.cd 40-- --- - - -- ----- ---- -- -- - -·--------------- ----

Solvent Red 41-------------------------------------------
*Solvent Red 49------------------------------------·-----­
Solvent Red 52-------------------------------------------
Solvent Red 68------ ------------------·-·----------------

Solvent Red G9------ ---------------- --------------·· ---
Solvent Red 74---------------------------------------·-­
Solvent Red 75-------------------------------------­
Solvent Red 105-------------------. ------------· --- --
Solvent Red 108---- ·- -------- ·- ·-------- . ------
Solvent Red 111--- -----··------ -·--------·--·-
Solvent R<'d 115-----·· ------------- . ----------------
Solvent Red 1~6---- ---------------- --------·----·· 
Other solvent red dyes--- ----------------------· 

*Solvent violet <lyes: 
Solvent \"iolet S------ - -···--------------------·· 
Solvent \"iolet 9- -- ·-- - - ·--------------· --- ----- -­
Solvent Violet 13·· --· ----------------· --·--------­
Solvent Violet 14------------··-· -----------· --- -----
Other solvent violet dyes-- . ---· ---------· 

Solvent b !tie dyM · 

Solvent Blue 3----- -- ----------------------------------
Solvent Blue 4-- - ---- -- --------· --------------
Solvent Blue 5-- -----------· 

Manufac,urers' i<lent1f1cation codes 
(according to list in table 3) 

AAP, ACS, ACY, DUP, GAF, P~C. 

GAF. 
GAi". 
ACS. 
AAf>' ACS, ACY. 
ACY, DSC. 
ACS. 
ACS. 
GAF. 
ACS, GAF. 
ACS. 
A.CY, DUP, GAF. 
ACS, ACY. 
ACY. 
ACY. 
ACY. 
AA1'' ATL, DSC, l'AT. 

AA1'' PSC. 
ACS, A.CY, DSC, GA.F, PSC. 
GAF. 
ACS, ACY, GA.F. 
ACY, GAF. 
ACS. 
DUP. 
ACY, DUP. 
ACS. 
ACY. 
ACY. 
AAP, ACY, DSC, DUP, PAT. 

PSC. 
GAF. 
GAF. 
A.CY• DUP, GAF. 
AAP, ACS, ACY, 
ACS. 
DUI', GAF. 
GAF. 
GAF. 
DSC. 
ACY, DSC, DUP, 
AAP, GAF, ICI. 
ACS. 
DSC, DUP. 
ACS. 
ACS. 
ACY. 
ACY. 
AO. 
A.CY. 
A.CY. 
AAP ACY, ATL, 

ACY. DSC. 
DSl 
\AP• A.TL, l!Sll, 
AAP, lCI. 
AAI' • o.:;c, PAT. 

ACY, SI~. 

DSC, DUP, SDH. 
DSC. 

PSC. 

GA.F. 

DSC, nur, 

IC!. 

I r.1 • Pl\T. 

271 



,. .. 
! •.· 

TAELE4.--DYES FOR WHICH U.S. PRODUCTION OR SALES WERE REPJRTED, 

IDENTIFIED BY MANUFACTURER, 1971--(0NTINUED 
- -------·-----

Manufacturers' idPnti fi cat 1 on codes 
(according to list in table 3) 

--- - -- ------ ---··----------------!----------------
SOLVlNT DYLS--Coatinucd 

Solvi_.nt blt:o Jyes -C1Jnti1l1.lt"d 
Solv~1· Bh:~ 6-· ---------------------------------------­
Solvci'~ Blue 7--- -- ------------ · ---·--------------------­
SolVt' .. C blue 9------------------ ------------------ -----­
So1 v• :·- Blue 11------------------------------------- · ---­
Solvent Rlu~ }~------------------------ ----------------­
Sol ·1.~ BJ~~ 16----------------------------------------­
So!te~. Blue 3b----------------------------------------­
Solvcnt Blt1c 37-----------------------------------------
*S~lve~t Rlue ~~-----------------------------------------­
Solverl Gluc 43----------------------------------------­
SolvePt Blue 57-------------- -- ----------------- --------­
S0l\c1.t llJu,· 5q-----------------------------------------­
Sc. 1ven- ~;u,, :.9-- - ----- ------- -- ------ -- - ------ ---- ----­
So 1 vr-1 1 '" t)luf 60--- - --- ... -- -- -- - - - - -- -- - --- -- - - - - --·-- --- - -
Ot~~' lvent blLe <lyes--------------------------------­

Sol\ivHt green dyes: 
So' Vt."n~ r.rc-e11 1- -- - ---- ---- -- ---- -- ----- ----------- ----­
So1 vcnr dJ-c-:,n. 7--- ··------------- -----------------------­
*Sol~ t:lt ~re<· 1 3-··---------------------------------------
0t!.er ~olvei.t grer:n dyes-------------------------------­

Solvvnt L, ,,,,1 ch"e~~: • Su'.vc·; 

*So ... v'""nT 
s .) l ', ... ~lt~ 
S;i!v,::-: t 
So}·~·fn+-

Sol "ent 

:1r~\.n 

Brow11 

'L Jl\.ll 

;fJl..(i. 

:::JrCnlD 

Dr o;.•p 

11. ------------ ---------------------------
12--- ---------- -- -- __ ! ___ ---------- -- ---- -
l -, _____________ -- --------------.------- ----

_!,)- -- --------- ---- -----------------------

22- ---------------------------------------
3 8 -- -

Oti l'r _s,.:_1lvC'nt b:.~o~m dyes-----------------------· --· --
Solvenl b1 d.:.;~ J'--1..."'~,: 

Solvent !ll::~l· 3---- - ·--------------.'."----------------- -- -
SoJt·cnt R!ack 5----------------------------------------­
Solvl·nt Black 7--- ---------------------------- ---------­
~olVf'Ilt !'1-::.c'. 12---~---------------·-------------------­

S~lv2nt 81&ck 13----------------------------------- ---­
So}vcn: }:;Jack 17----------------- --------------------- -

Solvent !'J~~k 26---- --------------------------------­
Other solvent bldck dye~--------------------------------

DSC. 
ACY. 
GAF. 
BOO, GAF, ICI. 
BDCJ. 
ACS. 
ACS, DUP. 
DUP. 
ACS, ACY, ATL, DUP, GAF. 
ACS. 
our. 
ACY. 
ACY. 
ACY. 
AAP, ACY, DSC, GAF, ICI, PAT, x. 

ACY, DSC. 
GAF. 
AAP, ACS, ACY, ATL, GAF, f!<;H, lCI. 
ACY, DSC, GAF. 

GAF. 
ACY, DSC, GAF. 
DUP. 
ACY, DUP. 
DUP, PSC. 
ACY. 
DSC. 

ACS. 
ACS, ACY, DSC, DUP. 
ACS, ACY, DSC. 
ACS. 
ACS. 
DUP. 
ACY. 
ATL, DSC, GAF. 
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Table 5. Azo Dyes Produced in 1971 but Not fo 1972 

Acid Yellow 77 ACY Disperse Orange 13 HST 

Orange 4 ACY Orange 28 AAP 

Red 42 GAF Red 56 duP 

Red 100 VPC 

Blue 10 AAP,ACS Reactive Blue 9 ICI 

Blue 89 ACS Blue 20 HST 

Blue 161 VPC Black l HST,TRC 

Black 138 VPC 

Mordant Yellow 3 ATL 

Basic Yellow 26 ACY Red 5 PDC 

Red 23 VPC Blue 13 ACS 

Green 11 ACY 

Direct Yellow 9 ATL Brown 50 TRC 

Red 5 ACS Black 1 ACS 

.· 
Red 46 ATL Black 7 GAF 

Violet 1 ACS,ATL 

Blue 238 ACY 

Green 46 VPC 

Brown 3 VPC 

Brown 33 duP 
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Table 6. Azo Dyes Produced in 1972 but Not in 1971 

Acid Yellow 4 SDH Reactive Yellow 15 HST 

Orange 5 ACT Yellow 17 HST 

Red 179 TRC Black 5 HST 

Red 277 VPC 

Black 53 PSC FD&C Red 40 ACS,WJ 

Black 139 VPC D&C Red 39 SDH 

Disperse Red 21 EKT Mordant Yellow 36 PDC 
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TABLE 7. --DYES: 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 

--+-----------------------tt----1-------------···----------
A>J' 
ACS 

ACY 
ALL 
ALT 
ATL 

BAS 
BOO 
BUG 

ccw 
CGY 
OIG 
CPC 
CWN 

DSC 
DUP 

EICT 

FA.B 

American Aniline Products, Inc. 
Allied Chemical Corp., Specia~ty O\emicals 

Div. 
American Cyanamid Co. 
Alliance Chemical, Inc. 
Crompton & Knowles Corp., Althouse Div. 
Atlantic Chemical Corp. 

BASF Wyandotte Corp. 
Benzenoid Organics, Inc. 
Blackman-l.hler Chemical Co. 

Cincinnati Malacron Chemicals, Inc. 
Ciba-Geigy Corp. 
Nyanza, Inc. 
Childs Pulp Colors, Inc. 
Upjohn Co., Fine Olemical Div. 

Dre Specialties, Inc. 
E. I. duPont de Nemours & Co., Inc. 

Eastman Kodak Co., Tennessee Eastman 
Co., Div. 

Fabricolor Manufacturing Corp. 

GAF GAF Corp. , O\emi cal Div. 

l{N 

HSC 
HSH 

HST 

Tenneco Cllemicals, Inc. 
01.emetron Cl)-rp., Pigments Div. 
Harshaw Chemical Cc. Div. of Kewanee 

Oil Co. 
Americ9JJ Hoechst Corp. 

ICC 
ICI 

KON 

MA.Y 
MRX 

PAT 

PCW 
POC 
PSC 

s 
soc 

soo 

SNA 
STC 
STG 
SW 

Inmont Corp. 
ICI America, Inc 

H. Kohns t8.Dlll & Co. , Inc. 

Otto B. May, lnc. 
Mu Marx Color & Chemical Co 

Morton International, Inc., Morton Olesnical 
Co. Div. 

Pfister Chemical Works 
Berncolors-Poughkeepsie, Inc. 
Passaic Color & 01.emical Co. 

Sandoz, Inc., S~ndoz Color & 01.emicals Div. 
Martin-Marietta Corp., Southern Dyestuff 

Co. Div. 
Sterling Drug, Inc., Hilton-Davis Chemical 

Co. Div. 
Sm Oiemical Corp. 
Sou-Tex Chemical Co., Inc. 
Stange Co. 
Sherwin-Willill!llS Co. 

TMS Sterling Drug, Inc., Thomasset Colors Div. 
TRC TO!lls River Chemical Corp. 

VPC Verona Corp. 

WJ Warner-Jenkinsnn Manufacturina Co. 

YAW Y.S. Young, Yocrig Aniline Works Div. 

tlot.e.--Ccmplete names and address of the above reporting companies, will be listed in the Tariff Commission's 
annual report, -5.l".I.l_~h!'.!-ic Organic Olemicals, iUlited 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 

soil 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 reduetion in nutri­

tional values is thought to be Of little concern to humar1s 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 inany kno~'1tl fatalities 

from occupational use. Its low detectability by human sens1~s 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 environmental 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. 

277 



BROMINATED HYDROCARBONS 

I. PHYSICAL PROPERTIES 

Some appropriate physical properties of many of the C1-c 3 mono­

and polybromohydrocarbons are given in Table 1. The references used, 

Dow Chemical and Sax, provide similar information on ma:iy other bromo­

hydrocarbons of considerably lesser economic or toxicological importance 

but frequently used in research laboratories. Th~ compounds in the 

table should be considered soluble in a variety of organic solvents and, 

at best, slightly soluble in water. Tetrabromomethane, 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 nnn Hg 

at 30°C, and that of methyl bromide is 1420 mm Hg at 20°C. 

Hassall (1953) reported the following saturrtion vapor pressures 

at 25° in nnn Hg: ethyl bromide, 468; propyl bromide, 135; butyl 

bromide, 38.9; amyl bromide, 13.8; hexylbromide, 10. 

Saracco and Marchetti (1958) provided the following equation for 

estimating the water solubility of bromohydrocarbons (straight chain): 

lnS = lnS 0 - 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 mixture~ 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 .4% 

irethyl bromide, but at 8-9 atmospheres a 23% methyl bromide mix ex­

ploded, and at 6-7 atmospheres a 29.5% mix exploded. 
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Table 1. a Properties of Some Bromohydrocarbons 

Methyl Bromide 
CH3Br 

Methylene Dibromide 
CH2Br2 

Brom:> form 
CHBr3 

Tetrabromonethane 
CBr4 

Ethyl Bromide 
CH3CH2Br 

Vinyl Bromide 
CH2=CHBr 

Ethylene Dibromide 

Freezing 
Point 

-94 .1 

-52 

7.8 

92-3 

-119. 3 

-139.2 

BrCH2CH2Br 10 

Acetylene Tetrabromide 
Br2CHCHBr2 -0.1 

Propyl Bromide 
CH3CH2CH2Br -109.9 

Allyl Bromide 
CH2=CHCH2Br 

Propargyl Bromide 
CH;CCH2Br 

<-50 

-62 

Boiligg 
Point 

3.6 

99 

148.9 

189 

38.4 

15 .8 

131.4 

245. 8 
(dee.) 

71 

70.2 

84 .4 

Flash 
Pointb 

-1.1 

21.1 

Fire b 
Point 

32 .2g 

expl. 

a - from Dow Chemical Co. Bulletin 164-100-68 (1968) 
b - in degrees centigrade 
c - from Sax 
d - at 25/25° 

Autoignition 
Pointb,c 

536 

511 

Expl. 
Limits c 

10-16% 

Sp • Gravity, d 
Vapor density 

l.746(-5)f, 
3.27 

2.49 

2.88 

6.7-11.3% 1.4492, 
3.76 

1.549 ( 10) f 

z .17, 
6.48 

2.96 

1.350 

1.412 

1.582 

e - at 25 ° 
f - density at (x°C) 
3 open CPTJ 

- n-:ine 

From Dangerous Properties of Industrial Materials by N. I.-SaX-c-1975, 196:3 ,,y Litton 
Educations Publishing, Inc. Reprinted by permission of Van Nostrand Reinhold Company. 

Index of 
Refrac ti one 

1.5381 

1.5944 

1. 4210 

1.4412( 10) 

1.5360 

1.6350 

1.4314 

1.465 

1.4912 



Forshey et al (1969) studied the fire and explosion potential of 

propargyl bromide. 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. 

II . PRODUCTION 

The U.S. Tariff Commission Reports contained the following figures 

for production (in metric tons): 

Methyl Bromide Ethyl Bromide Ethylene Dibromide 

1969 9 ,080 791 140,600 

1970 9,540 134,800 

1971 127,000 

1972 11,160 143,100 

1973 13 ,410 

The April 19 7 4 U. S • T. C. Preliminary Report on 19 72 Miscellaneous 

Chemicals production listed the following brominated hydrocarbons and 

manufacturers: 

1-bromobutane 

2-bromobutane 

b romoe thane 

1-b romohexane 

l-bromo-3-methyl-butane 

l-bromo-3-methyl-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 Lilly & Co. (LIL) 

Sterling Drug, Inc. - Winthrop Labs. 
Div. (SDW) 

du Pont 

MCH 
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2-b romopen tane 

1-b romopropane 

1,2-dibromoethane 

Dibromomethane 

LIL 

EK, SDW 

Dow, GTL, MOi, Pittsburgh Plate 
Glass Co., Ethyl Corp. 

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 MCH. 

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 nethylene dibromide 

i-amyl bromide nonyl bromide 

bromocyclohexane octadecyl bromide 

bromocyclopentane octyl bromide 

bromoform pentamethylene bromide 

i-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. USE 

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 remain in existence for years millions of cars 

intended to be fueled with high lead gas. A relatively small amount of 

production is 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 ~ethane 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 sterilizing 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 (CCl3N02), 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. Lesser 

amounts of the ethyl are used as a solvent or refrigerant. 

The following table on properties and uses of other bromohydro-

2arbons was adapted from one in Kirk-Othmer, Vol. 3, pp 776-8 (1964). 

Table 2. Properties and Uses of Miscellaneous Bromohydrocarbonsa 

Compound 

Acetylene tetrabromide 

Allyl bromide 

Bromoform 

n-Butyl bromide 
CH3(CH2)zCH2Br 

Carbon tetrabromide 

Ethylidene bromide 
CH3CHBr2 

Isopropyl bromide 
( CH 3) 2. CHB r 

Laury 1 bromide 
CH3(CH2) ioCH2Br 

Methylene bromide 

Propargyl bromide 
n-Propyl bromide 

CH3CHzCH2Br 
Propylene bromide 

CH3CHB rCHzB r 
1,2,3-Tribromopropane 

BrCH2CHBrCH2Br 

Trimethylene bromide 
BrCHzCH2 CH2Br 

Vinyl bromide 

Mp, °C Bp, °C 

-112. 7 100.5 

109 

-89.0 59.3 

177 
(45 mm) 

-110 70.9 

-55 .3 140 

16 220 

-34.2 16 7 .3 

d(20/4°) 

G,H .~-1, 
S0lv 

F, Syn 

G,H,P, 
Syn 

1.2687(25/4°) 1.4398 Syn 
3 .42 1.60 B romiua tJ 1. I' 

agent 

2.06 

l . 3138 

1.0382 

l. J514 

l • 9 3 33 

2.4076 
(25 /4 °) 

1.9790 

(99.5) 

1.5122 H, Syn 

1.4254 SoLv, Syn 

1 .4581 Syn 

E,G,H, 
Solv, S)r1 

F, Syn 

} • (+ 34 1 s 01 V ' ;;i j 11 

1.5194 Solv, Syn 

1.5835 H, Syn 
(25) 

1.5232 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-Otnmer 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 

G - Gage fluid 

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 c~mpounds 

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 compl,exed 

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 labels, and limit the quantity to 208 liters (55 gal.) The 
Coast Guard requires poison, poison B, and ~A warning labels. 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, allowing 40 liters (10. 6 gal.). on_ passenger, 

220 lite~s (5~ gals.) cargo crafts. 



Ethylene dibromide must have the MCA label. It is 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 

LO one liter on passenger, 40 liters on cargo craft. 

Allyl and propargyl bromides require flannnable 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 soil 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 unburned 

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 soil in populated areas could be counteracted 

by prompt removal of the soil to a safer atea. 

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 ap·?licable 

if chloro- or bromochlorohydrocarbons 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 te&t tube, and acidi­

fication with sulfuric acid, a fixed amount of aqueous NaAuC1 4 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 irethyl 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 tu.be, add 

1/2 ml of 0 .5N NaOH and heat for 15 minutes at 95 °C. Cool fi.ve 

minutes in an ambient water bath. Add 1/2 ml of 2% aqueous lndia 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 amol.lllt of nethyl 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; seri0us interference 

would come from methyl and ethyl iodides, and ethyl bromide. 
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Heseltine (1959) described a commercially available detector tube 

for 11Y2thyl 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 µl aliquot of the 

extractant was then injected directly onto a gas chromatographic 

colunm. Recoveries ranged over 80-90%. 

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 µg-10 mg of bromide in the presence of 

chloride, or by a colorimetric finish based on formation of tetra­

bromorosaniline, in the 0-20 µg bromide range. For the 10-200 mg 

bromide range, in the absence of chloride, an argentonEtric 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 lN potassium 

hydroxide was added and heated at 60°C for 45 minutes. Excess alkali 

was neutralized with lN 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 .SN sodium hydroxide, 

and refluxing for 15 minutes to remove one of 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 ft.nnigation by neutron activation 

analysis. A 5-gm sample was irradiated for 30 minutes at a :~lux of 

1.8 x 1012 neutrons/sq. cm. sec at a power level of L50 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) fotmd 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 di bromide 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 liquid 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, Hz at 75 ml/min and 1.0 kg/sq. cm. (1 atm); 

column, 5-mm i.d. by 3-m long; column packing, 20% S,S'-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 column, 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 bromiries 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 inl/min and operating 

temperature of 20°C. 

Getzendaner et al (1968) used a corrnnercial X-ray fluorescence in­

strument 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 -,;ras ± 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 lN sodium hydroxide and 1.3 parts of lN acetic acid (V/V). 

Tii.en was added 1 ml of a solution consisting of 1 part of the buffer 

and 1/20 part of a phenolsulfophthalein solution (V/V). Tii.en 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 volurre was adjusted to 10 ml and the op tic al 

density measured at 5 70 nm in a 1-cm cell. Amount of bromide was 

read from a cur:ve prepared from 4-10 ].Jg of bromide. Tile sensitivity 

limit was 4 µg, and the results were reproducible providing the HBr 

contacted no organic residues. Air contamination levels of 10-20 µg/l 

gave 90% recoveries, but 1-2 J.Jg/l gave lower, and variable, results. 
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Malone (1970) described in detail an acid reflux procedure f"r 

extracting methyl bromide and ethylene dibromide from fumigated grain. 

Preliminary grinding was unnecessary for the EDE and detrime11L1 i t':>r 

MB. The apparatus consisted of a one-1 flask with N2 inlet, a <ondenser 

with circulating 60°C (no higher) water, Teflon tube connection t-i a 

column of Chromosorb W (to remove traces of wat:er), and a vo1un1L'.t-ri1 

containing isooctane immersed in dry ice-acetone. The procedure \Nls tu 

add 100 g of sample to the swirled flask containing 530 ml ·.,13.ter, 60 

ml of lN sulfuric acid, 10 ml of 20% phosphotungstic acid, and 1/2 ml 

of DC Antifoam FG-10 (spray antifoam was found unacceptable in con­

nection with the subsequent glc). With a 25-30 ml/min flow of N2 , 

boi 1 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 fl ow by 

freezing in the receiver. Rinse four 1-ml portions o:' isooctane 

through the tubing-dryiL1g agent using the N2 pressure. Allow the 

isooctane solution to come to ambient, make up to volume, and inject 

a 5 µl 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 ml/min flow of N2 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 were ''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/1, using 

a range of concentrations. Their range for computing C.T. was 9-58 mg/l 

for methyl bromide. They tested chemically analyzed concentrations of 

about 2, S, 10, and 52 mg/l and found quite acceptable values. Ethylene 

dibromide was unsuitable because it does not 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 being volatile at engine operating temperatures. Pri::~sumably 

the bromohydrocarbon is decomposed at these temperatures, as Kirk­

Othme r states that decomposition to vinyl bromide an<l 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·-

tioned 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 Generated by Sun­
light Irradiation of 200 Pphm Butyl 

Halide + 100 Pphm N0 2 

Inrludion 
Butyl Period 1\111:"1.irnurn 

___ C.5~"P.'.!11_11_<l ___ (_1'_li_n-'-) __ o-'-, ('-'-pphm) 
N-buttlne (control) 65 76 
N-buttlne(control) 60 74 
N-butyl lmu11idl' 3.5 27 
N-butd t.r"midt' 25 28 
~-liut\·I br11111id•• 3.5 26 
lsobut· .. I loro1111dP 2:'i 3-l 
faol1111\ I l>ro1111d.. :m 32 
foul>ut·d l11<>1J111lt' :!O 37 
::-;p,·-l•1it" l t.r"mi<le 20 23 
::o;c,·-but\I b1olllide 45 17 
Ser-but i·I bromide 2."'i 28 
Tnl-btil vi brnmi1lc \JO 12 
Tcrt-hut) l hrll111ide 40 15 
Tcrt-Lutyl i>romi<le 60 16 

Reprinted with permission from J. A~r 
Poll~t. Contr. Assoc. 14:220-23-:C0pyr1ght 
by Air Pollutinn Control Association 

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 Lewis (1953) treated barley, beans, groundnuts, maize, 

peas, rice, milled wheat, and whole wheat with methyl brorrdde, and <lid 
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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, < 4%, 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 who le 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 bromide (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-, 0-·, 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 aqueou3 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 



Table 4. 

D1sl11ln1tio11 of combmed 14C m wheat /1 actions jol/owrng expornr~ to 10CH,Br 

s~mple A, Milled "hole 
wheat 

ll, ~ldlf•d whole 
wheat gr11\\'11 011 

sulptiur·J5 

C, \\'heJ.t i:;httt.:n J 1, \\ bi'.tl g:lute-n 

12·,5 12 5 yn lj'O 

p p m. of ,.\:. "o of 
Moisture content, ~~ 

Fr~u:tion au<l method of "C recovery 
p:p ffi-. of As " 0 of P 11 m ·ot As '\, <~f p p m. ot A~ ~·0 of 
fraction tot,\l 1 'C 

rei;overcd 
mall 

fractious 

fraction tot.tl uc fr.it ll•Jll t(Jtal 14C ir.iction tot.d uc 

(1) Whole wheat; total "C by wet 
ox1d.ition 

(2) Fat; tot.II "C liy \\Ct ox1dat1on 
(3) Aqucoth \\',1'1\lng' , volatile "C by 

cl1st11lat1011 thrnugh corn!Ju~twn 
tra111 (lre1' 11( l!jUll) 

(4) St.11ch . t.,t.tl 11l I>\ wet ux1dat10n 
(5) Gluten, tnt.11 HC l;y wet 0"1<lation 

(5a) 

(5b) 

Gluten; --O·"Cll 3 , by <litfcrcncc, 
(5e - 5b - y) 

l.lulcn, -~·"l'll•: hy dcctJlllpo'>i· 
tion with '.\ .101l followed by llCI 

(5c) Gluten; -S(,~CI IJ)< 11 3 ; by clt·cohl­
l'r"'t1un \lllh :-.; "(ll ! 

(5d) Ch1tcn; --'.\'• 11UI,; by d1H"tchce, 
• (5 -- y). cf 1;11h (5)) or (5;.') 

(5e) Gluten; -O·"Cll3 + S·"Cll, + 
• 
~·(llCJ1 3)CIJ,, 1>1· Ill h\'dwly'" 

(5/) Ch1t.·11; --:-\· 11 l IJJ, h~· d1•1<1111t1u:,i­
t1u111n Ill 1- \11,l (1'1ll'd11d1) 

(5,i;) l ;111tl'll ; - :\ · 11l 11, , by "l'l 11'<id.1-
l1t•n of Ill ll\ d1.il\,,1k ii-.t·d l11r {5r) 

l]I 

107 

o·6 

3·0 
Io· I 

Sl>-3 
IOO·O 

As 0
0 of 

total 11C 
of gluten 

10·1 

49·4 

Sp01lt 

f{'I 0\'t'lt'd 

Ill .1l1 

fr,1< t1on':> 

38 0·7 

28 18·4 
18 5''1 

4!7 _ z5~ 

153 

JOO·O 

As 0 ~ of 
tot.ii HL 
of gluten 

iec.:uv,ered 
m.all 

fractwn~ 

~210 10()'0 

29.,. 

53 

As~~ of 
tot..tl I•(, 

of i:;luteu 

__ 5'>~~ 
100·0 

\Jjl 

fCCOVt'fed 

ID d.ll 
fr.:ict1un, 

100·0 

As 1;~ of 
tut.d "C 
Of !;llllCD 

::6·8 

100·0 

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. 

Siesta (1956) tested the effect of methyl bromide fumigation un 

the thiamine and riboflavin content of almond, nut, and p.lne seed 

meals. None of the treatments affected the riboflavin. Furnigci ti on at 



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/ 1 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/1 

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/l 

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 w~re low in comparison 

with methyl bromide, being concentrated in the gluten. After heating, 

these levels increased. The heating converted the et:1ylene 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 rar-ried 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 0.04%, 

de fatted 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 



evaporation of residual b romohydrocarbon • they found only a sma U 

change in the acid, iodine, and saponification numbers, viscosity, and 

bromide content. 

Nachtomi (1972) recovered the microsome-supernatant fractions 1 rcim 

the centrifugation of the homogenized livers of rats and chi.ckL,ns. 

Ethylene dibromide had no effect on the peroxidation ability ot lh'-' 

lipids (catalyzed by NADPH) from rats, but inhihite<l the reacr_5,rn ol 

the lipids from chickens. 

VIII. BIOLOGY 

Winteringham and Barnes (1955) reviewed the literature on methyl 

bromide and ethylene dibromide, finding little that was pertinent to 

this section. 

A. Metabolic Effects 

1. absorption 

Winteringham and Barnes (1955) in a review found that experiments 

with radioactive 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. ex ere ti on 

Thomson et al (1958) gave rats s.c. injections of 1.25 g/kg of 

ethyl bromide. In the urine was found ethyl mercapturic acid, 

C2H~SCH2CH(NH-COCH3)C02H· 

Bray and James (1958) reported that rabbits dosed with brornohydro­

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, brornocyclohexane, 

1-b romo-hep tane, -hexane, -octane, and -pen tane. The longer the a 1 ky l 

chain the lower the percentage of the dose el:iminated as a rcercapturic 

acid. 

Grenby and Young (1959) isolated n-propylmercapturic 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 1-bromobutane dosage seemed to be 

a peptide of S-butyl-L-cysteine and glycine. A third metabolite ft·om 

this source seemed to be a more complex peptic.2 containing S-butyl -L­

eys teine, glutamic acid, glycine, and an unidentified sulfur compound. 

This third metabolite was the only one found in guinea pig urine after 

dosage with 1-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 



as a hydrolysis product of a mercapturic acid precursJr, such as is 

seen with aromatic mercapturic acids. 

They found that, in vitro, n-propylmercapturic acid was deai'etylati.:rl 

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% 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 brumohydrocarbon 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, C2H5SOCH2CH(NHCOCH. 3) C02H. 

James (1961) in still further elaboration of her 1958 study with 

Bray found that only negligible quantities of hep ty 1, and none at a 11 

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, 1.7% in rats; hexyl - 0.2% 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 i!ldlrectlv, 
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after dosage to either rabbi ts or rats. The same was found for butyl 

dnd 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 pathwc:;s for ethyl 

bromide in rats diagrammed in Figure 1. 

NH·CO·C'H3 N"H
2 

I I 
CH,-CH2·SO·<'H2CH -<--------- CH3CH2SO·cH,cH 

(I) /' l (VJ I 
/ C02H CO,H 

/ f ~' 
Reprinted with per­
mission from Biochem. 

------
J ._ 90: 588-96 (1964). 

/ NH·CO·CH ' N>T 
/ I 3 ""- ~ 

CH,-CH2 Br_,. CH3CH2S·CH,,•CH CH3CH2S·CH2·6r 
' (II) I (IV) l' I 

' co,H / co2n 
' t / 
. ' NH·CO·CH2CH2CH(XH2)·C02H 

cn.\H,·S·Clfs•& 
(III) I 

co. XH. CH,. co.H 

Copyright by the 
Biochemical Society. 

r ') Yrf l. Biosynthesis of ethylmercapturic acid sulphoxide. Conversions demonstrated in the animal body 
are sbown by solid arrows and possible conversions are indicated by broken arrows. 

Barnsley (1964) reported finding in the urine of rats dosed with 

1-bromopropane (in addition to 1-propyl mercapturic acid and 1-propyl 

mercapturic acid-S-oxide) 2-hydroxypropyl mercapturic 2~id. The yield 

was only 80 mg of the dicyclohexylannnonium 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 et.hylene 

dibromide, 100 mg/kg, as 2% solutions in soybean oil. The main urinary 

metabolite was S-hydroxyethyl mercapturic acid; in much smaller amount 

was found S-(S-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. 
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Table 5. Excretion of mercapturic acid and broTPide by animals given bromoiJlkanes, 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 I 

Compound kg.) acid uric acid (96 hr.) 4 days kg.) acid uric acid kg.) (24 hr.) 

1-B romop ropane 1•9 2·7 - - - 2•3 5·1 1·2 
(1·3-5·2) 9 ( 4. 7-5. 7) 6 

1-Bromobutane 1•7 4•7 41 16 43 2·3 6•3 54 1·0 
(3·9-5·7) 8 (27-54) 2 0 (11-21) 6 (41, 44) 2 (4·0-8·1) 8 (21-12) 1 6 

1-B romopen tane 1·5 2·3 21 27 50 2·1 5•9 35 l·O 
(1·6-3·7)9 (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) 4 (45-53) 3 (1·6-5 ·4)11 (23-69) 6 

1-B romohep tane l·l N .D. 6 16 20 66 1·9 2·3 70 0·8 
(12-19) 3 (11-22) 4 (63-71) 3 (1·0-3·lf (40-90) 6 

1-Bromo-octane l•l N.D. 6 12 19 53 1·7 N.D. 6 46 0. 7 
(0-21) 5 (17-20) 3 (47, 58) 2 (24-59) 5 

S ~'di un: bromide 1·7 12 48 2·5 
(22, 25f (44-55) 3 

Amounts excreted are expressed as percentages of the dose, ranges are given in parentheses and numbers cf 
ex?eriments are indicated by superscript numbers. unless the times are giver.., the results are :°or the amount 
ex~reted until the 24 hr. excretion returned to the normal level. N.D. indicates not detected; -indicates not 
exar:Uned. In the guinea pig, the excretion of true mercapturic acid was examined after administration of all 
t'.:e alkanes listed but none was detected. The value for apparent mercapturic acid was 18 (10-12) >-1 fr::i:ri bro:nc­
::·.ct9.::.e (dose 1•0 m-mole/kg.). 

Reprinted with permission from Biochem. 
J. 90:127-32 (1964). Copyright by the 
BiocrHnical Society. 

13 
(9-16) 3 

18 
(16' 19)"-



James et al (196 7) dosed rabbi ts with bromocyclopentane (A), -hexane 

(B), and -heptane (C). All gave methyl bromocyc1oal"-yl triacetylgluco­

siduronates in the udne; in the case of B this metabolite was shown 

to be the 2-bromocyclohexy l 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--cuntain i ng 

material (also a metabolite from cyclupentene and eprxycyclopentane, 

and forming in vitro from cyclopentanone and N-acetylcysteine). 

The major sulfur-containin~ urinary metabolite from B-dosage waa 

an unknown material (also a metabolite 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 amouHts of cycloheptyl mer­

capturic acid (a n~tabolite of cycloheptene), traces of 2-hydrnxycyclo­

hepty l mercapturic add (also a metabolite of cycloheptene and epoxy­

cycloheptane), and another sulfur-cuntaining compound (also d metabolite 

of cycloheptene and epoxycycloheptane). 

James et al (1968) gave female rabbits and rats stomach tube doses 

of aqueous suspensions of 1-bromobutane. The metabolites found in 

the urine are indicated in Figure 2. The rabbi ts excreted 8~: of the 

dose as butyl mercapturic acid and 14% as hyd roxybutyl rnercapturic acids; 

the corresponding figures for rats were 7 and 22. 

In a separate experiment bile cluct-cannulated rats were given s .c. 

doses of 1-bromobutane. In the bile were found the metabolites S­

butylglutathione, S-butyl-cysteine, and S-butylcysteinylglycine. Urine 



collected over the same time period contained butyl dnd hydroxybutyl 

mercapturic acids. 

A supernatant of rabbit liver homogenate produced S-butylglutathione 

and traces of S-butylcysteine when mixed with 1-bromobutane. Rabbit and 

rat liver slices produced 3-hydroxybutyl mercapturic acid from butyl 

mercapturic acid and from S-butylcysteine. Only rat liver slices pro-

duced 2-hydroxybutyl rnercapturic acid. Rabbit liver slices produced 3-

(butylthio)lactic acid, VIII in Figure 2, from S-butylcysteine. 
:\H" 
I -

l'\H ·C'O .('If,, .('I I .. Cl[ ·CO ,t[ I - - . 
f'HJ ·l Ih .('If.: .Clf 2 .s ·C'lf 2 .('([ 
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~ co.xn.cu,,.co,H 
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(ll) 
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Jlh ?H 

CHa·Clf~·CH2 ·CH~·S·CH~·CH 

CH3·CH~ ·C'H ·C'H.: 

\/ 
(IX) 

(III} 

l 
~J[ .('Q.('l-T3 

CH3·CII~°CH2·CH2·S·C1I2·C --+ 

NH·CO·CH3 
I 

CH3 ·Clh ·CH ·CH~ .s ·CH2 -CH 
I I 
OH C021I 

(Y) 

I 
C0 2H 

(\'III) 
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COiH 

):H.CO-C'H3 

CHa·CH1·CH2·CH2·S·CI-h·~;H 
t I 
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f'."ig ure .;I. :llcto!l1oli>m of l-hromoh11ta11e. All tho 1''.1ctions Lam been shown to occur in tho rat 
and tho'" 111ar\..P,! lth 111 tl1c ialiliit. ' 

Reprinted with permission from Biochem. 
~ 109:?27-36 (1968). Copyright by the 
B1ochem1cal 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 

C02. Metabolites found in the urine were S-(2-hydroxyethyl) ,~ysteine, 

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 rredium. Methan­

olysis of the resultant glycolipids gave a,w- alkane dioic acids 

(dimethyl esters). 

were as follows: 

Starting bromohydrocarbon, product(s), and yield(s) 

CH3(CH2) 14• ( CH2) 1 3 ( COr) 2, trace 

CH3(CH2) 15• (CH2)14(C02-)2, 50% 

CH3(CH2) 16• (CH2)15(COr)2, 45% 

CH3(CH2) 17• (CH2) 16(COr) 2, 17% 

& ( CH2) 1 4 ( C02 - ) 2 • 29% (byproduct) 

CH3(CH2)17, (CH2) 16(COr)2, 26%a 

& (CH2) 14(C02-)2, 9%b 

CH3(CH2) 19• (CH2) 14(COr)2, 34% 

CH3(CH2)21• (CH2)14(C02-)2, 36% 

a - starting material and product both 6 9 olefins 

b - 67 olefin byproduct of 6~ starting material 

From CH3(CH2)13CH(CH3)Br was obtained a low yield of H02C(CH2)13CH(CH3)Br, 

but no glycolipids. From CH 3(CH2 ) 13C(CH3) CH2Br was obtained a 50% yield 

of H02C(CH2)13C(CH3)C02H (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, 37% in the kidneys). 

Kaye and Young (1970) injected rats with allyl bromide and found 

allyl mercapturic acid in the urine. 

James and Needham (19.70) found 4-carboxybutyl mercapturic acid 

in the urine of rabbits dosed with bromopentane and in the urine of 

rats dosed with 1-bromopentane or 1,5-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 brornocyclopentyl-tri-O-acet:1 l-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. 

TABLL f,, i\\1l1U'.'.I Of- MHABOLIHS L\CRl::liU I.\ URl'.'.I: UY RABillfS 

------- --- ---- -~- ---------- - ----------------~-----

Compound admtnhlcrcd 

Brom0<..")'C]opcntan.: 

Bromocyclohexanc 

Bromocyclohcplanc 

Dose 
(111-Jllt1k/k~) 

1-8 

1 ·6 

1·5 

Total' 
h1omide 

62 
(5~-73)o 

6i 
(53--76),; 

61 
(56-71)J 

Gluco31.Ju1 onic 
acid 

27 
(16-38)& 

61 
(35-84)3 

78 
(69-85)G 

-------------

Etl'm:al 
sulphate 

13 
(12-16)1 

9 
(8--lO)J 

19 
(17-22)3 

Remits arc mean, e\rressed ;i; pc1c.;ntage of .ll·,e, \\ith iangcs iu r.iri:ntllcses; the numlx:rs of 
dcterrn,n1ticn> arc: 1ndtc.:tcd b1 11,f.:mir fr'ure< 

• T11is 1ncludcr; tlic' b:•'1lllJ:· ~\c:cted 1•rus 0~2:·1::c 11J_, h,•1md bi<•111;ll,' 1·.11k:, is .11'0 c·,tt111:ikJ a-, 
bromtJc:. 

Reprinted with per­
mission from Biochem. 
Pharrnacol. 19;}43:."Lrc) .. 

(1970). CopyrirJht by 
Pergammon Press Ltd. 

As measured by percentage of dose excreted as hromjne, after 72 
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hours the order of metabolism was: cycloheptane = cyclohexane > 

cyclopentane > 1-pentane = 1-hexane > sodium bromide (all at same molar 

dose of Br) . After 96 hours the only change was the near equi_ valence 

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 UYCtabolites are in Table 7. 

l AnU 7, '~\C'l' 11\)N o~ ~'I :u:·,,1•ru•uc AC!P A"~" llYP!11 J\'r\'' ' 1 f"A!•fUftlC ACID~ RY nosro RAll!lll~ AND J\AT1 

-" ----~---~----------------------~------ -- -- -------- --·-·--- -

n·-1: ,'·r...·, 

"' 

:·R 
(H,-0. 0) 4 

tr 

\'l '1.. ;'f1,r,i; .·r...•1, \' ',i 

c. 1-:-0 .1 !n.•r1·"'-Clt 
A 1/..vl /\I ) I 

(l j (\ ~; 

(0·(·-~ 9)4 (0 &··C 9) 4 

tr :--:n 

1-UI 1-/\ILyJ i\lkyl 

21 3 10 
(19·G-:'2 2)4 (O·S-l 2)4 

1,c .\ ~ 
(9 9-1 ]) 3 ND 

Hat 

ch-2-Ull lr11•11 2-0i! J.<)) i .,\' ~ -'I 

Al•,yl 1\1. ) I 

J 8 l 7 '7·: 
(!·4-2 21• (l·J -2 1) 4 (: r, : ' ~ 'I 4 

11 
ND ND ( l 0 ... -'.:::. ')~) 

.. :<l"':..:;-'"':'C' :'.' 12 55 06 .~: 
0·2-1·3)' ND '!n (5 SJ' {0-1 1) 3 ND ND (3 9 : .'I' 

Reprinted with permission from Biochem. Pharmacol. 20:897-907 (1971). Copyright 
by Pergamon Press Ltd. 

§-Includes trace amounts of other hydroxymercapturic acids. 
Amounts are expressed as percentages of the dose, ~anges 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 metabolites 

were detected by running the experiment on rats fed yeast labelled 

with S-35. 

Grasse and James (1972) dosed rats with 1-bromopentane and 
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determined the metabolites with the assistance of [ 1-11"c]-l-bromopenta02. 

Stomach tube aqueous suspension doses were given to adult female rats 

(only one rat received the radio-br,)mopentane). No S-oxides V<'n~ 

found. Table 8 contains their findings of a positive naturt>. :-leLeihn--

lite 2 consisted of 2-, 3-, and 4-hydroxypentyl mercapLuric acids. IL 

was hypothesized that Metabolite 4 was a hydroxy derivative of 4-

carboxybutyl mercapturic acid. The feces of the 24-h0ur period folJ.:),v -

ing dosage contained only 0.4% of the radioactivity present in the 

radio-bromopentane dose. No metabolites were detected in 72-hour leees 

after unlabelled bromopentane dosage. 

Gas chromatography of the hydroxy metabolites as methyl esters 

gave the following relative peak areas: 4-hydroxy, 1; 3-hydroxy, 3; 

2-hydroxy, 4; sulfate ester of the 3-hydroxy, 16; sulfate ester ol the 

2-hydroxy, 21. Until the detector sensi ti vi ty of these compounds lias 

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. 

(a) (b) 
1-Bromopc ntane [I - 1 'C']-1-Bromop,·nL• r1c· 

(% d<>sl') (". 0 d""e of .tc!t\ tt;.)~ 
--------------------
1llaterial dPtenl:ith d 

Pcntylmcrcaptunc ac1• l 
l\Ict.ibolite 2 (hydrm..) ptcntylmercapturic .1cid) 
4-Carho.\.ybutylmerc,:iptunc aci<l 
l\Ictabl>lite 4 
1-Ilrnmopentanei· 
C02t -. 
Bromide§ 

7·0 (-1·9-10·6). 
8·9 (6·8-12 0)0 

H (2·2-3·0). 
n.d. ~; 

H (1-3, H·), 
n.d. 

38 (3S -42L 

+s 
8·2 
2·4 
1-1 
n.cL 

62·4 
!Ld. 

Results arc n1eatb c-.;prl·ssed as pt•rcc·ritaecs of do<c \\1th ranges in pan·nth,·sc·,, :rnd 
numbers uf animaL a~ sub'cr'rts. 

•Activity of dooe wa, 1·18x10" d.p.m. 
t Excreted in expired air m 5 h after U<he. 
t 52% in 0-24 hand 10 4°;, in 24-120 h after <lo~c. 

, § Excret~J 0-72 h after the dose \\hen e-.;crction was still incompktt>. H.its d<bc·d 
with an cqul\ale11t arnount of '.\'allr t .. ffrt"tcd .ll 0

0 (28-3 f),, of the brurrnd,· in 72 h. 
~, n.cL =·not dct•·r11111wd. 

Reprinted with permission from Xe110-
big_t_tca 2:117-27 (1972). Copyrfq\~1 !iv 
faylor & l'r.inch ltd. · 



Sulfur-containing metabolites accmmted for only 74% of those 

present in the urine after 24 hours - determined from the radio-

bromopentane experiment. 

3. transport 

Getzendaner (1965) gave chickens a layer ration contain:Lng an 

eight-fold range of bromide residue from methyl bromide Eumi gation. 

The bromide content of the whole eggs produced reached the same leve 1, 

roughly, as that in the feed in 20-36 days. Figure 3 depict::; the <la ta 

graphically. 

4BO 

440 

400 

0 
0 

----~-- -

I 

-L I 

16 24 32 •O 4U 5ti 
DAYS ON FUMIGATrO FEED 

I ------, 

64 7Z 

Figure 3. Bromide residues in eggs from diickens on fumi­
gated diets 

'-. Control 
X 51 •p.p m. diet 
O 102-p.p.m. diot 

t::. l 61 ·p.p.in. diet 
~ 206-p.p.m. diet 
O 41 O·p.p.m. diet 

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 containing 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, LO, 

11, and 12. In 1965, the author commented, it was corrnnon practice 

to incorporate hydrolyzed chicken feathers as up to 2% of cattle fc'l'd 

and 5% in chicken feed. Since the average feather analysis for 

bromide residue was lower than that in the feed, there was HO cause fnr 

concern about bioaccumulation. 
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Figure 4. Residues of bromide in eggs vs. bromide content 
of feed 

Figure 5'. Residues of bromide in ch1ckc·11 w .. ,~""' 70 
days on fumigated cJids 
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Table~ Oromidc Residues Found Table 10. Rate of Bromide· Ac cu-
in Egg White and Yolk mulation after 70 Days on Feed 

Br Found, P.P.M. Ratio: Ratio: 
51 P:P.M 410 P P.M Av. P.P.ltl. Ma;:. P.P.M. 

Days 011 in feed in feed in Tissue in l usue ·------ ------ ·- ~--------

fvmigott-d In In In In Tiuue P P.M. in Feed P.P.M. in Feed 
feed white yolk white yolk \\'huk «gt.'.' 
32 324 506 (no 'lwlh) 1.0 I. 3 

280 480 Yolk< .2 I. 5 

293 4'.:>0 \Vhitl'' 0.8 I I 33 32 57 E~l( <hell, 0 3 I) 5 290 441 Light"" .it 0.2 1). 2:\ 
34 28 62 428 550 D.1rk me.it 0 3 I). 5 

26 71 Ski11 0 4 I) 5 

276 392 
I .i, l'r 0. c; 0.7 

35 26 77 Fe.1!11n < 0.6 I. 5 24 SC. Kldn('v 0.8 (). 9 
36 34 76 lllood I. 7 ~. I 

Av. 30 67 315 473 

Table 11. Bromide Residues in Egg 
Shells 

Days on Bromide ;n 
Bromide in Fumigated Egg Sh~fll, 

feed, P.P.M. Feed P.P.M. 

Control <13 
<13 
<13 

Av. <13 

51 46-66 <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 

Av. 38 

410 42-70 103 
1 l(j 
96 
85 

Av. 100 
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Table 12. Gromicle Rc$iduC'S Found in Chid.cn Ti,'.ucc 

Urum1de R~sidui.:.r, P f' At, I oun._1 oft<'r 
---~---

_______ p~_Y_' - --- --
28 44 56 JO_!hys ·-- --- ~-- ---

Treafmen' Bird B"d --- - --- -- ----- - --- --
and Tissue 1 2 3 4 5 6 7 8 A, 

C(111tn>I 

Light 1111 .11 <5 <5 <5 <S <5 <'> <S <S 
)Jail. !11(.tt <) <5 <5 .;s <5 <S <5 <) 
1.i, e1 6 <5 <S --:.5 <5 <S <) <5 
K1dncys 8 <5 <S <S <S <5 <<; <) 
Sktn <5 <5 <5 <-.:5 <5 <5 <5 <~) 

Feathers 6 3 41 17 1 0.5 20 2 
Hlovd <5 <5 <5 <5 

51 p.p.m. Br 

Light meat 11 9 10 12 15 14 14 15 H 
D.irk meat 13 13 14 13 18 18 1) 18 17 
Li \"CT 33 28 39 21 28 21 '26 30 25 
Ktdllcys 45 29 47 36 44 39 44 35 40 
Skin 30 28 26 12 12 13 18 14 14 
Fe.uhers 23 33 51 77 61 53 70 53 63 
Hlood 90 86 96 96 103 94 

102 p.p.m. Br 

Light meat 16 23 19 23 24 23 28 23 24 
Dark meat 28 28 26 29 39 33 42 33 3') 
Li,cr 40 61 53 36 39 50 3'J 32 37 
Kidneys 65 92 71 68 74 81 66 72 72 
Skin 50 36 26 21 25 29 4: 22 28 
:Feathers 10 94 85 38 33 85 117 47 64 
Blood 146 157 171 162 144 156 

161 ppm. Br 

J.ight meat 31 25 25 27 40 25 31 30 31 
Dark mrat 41 36 40 42 70 40 58 36 49 
Liver 80 62 65 66 104 64 73 56 73 
Kidneys 116 102 95 40 109 72 130 102 91 
Skin 56 65 47 32 73 34 46 52 47 
l'eathers 15 86 83 61 34 82 158 174 102 
:Blood 222 232 189 241 219 181 

206 p.p.m. Ilr 

Lii;ht meat <5 38 33 44 42 46 44 42 43 
D"rk meat 8 49 32 49 64 64 71 70 64 
Lhcr 18 108 74 62 121 65 112 144 H>l 
Kid11 .. rs 26 140 113 163 122 134 152 172 149 
Skin 19 95 62 80 47 47 53 66 59 
l'c,l!hcrs 22 166 58 24 39 115 33 95 61 
:Blood 262 263 308 331 379 309 

410 p.p.rn. Br 
Light m~at 66 63 60 9'.) 88 108 74 
Dark llll':t! 100 86 IOI 145 113 144 1:\4 
J,i,cr 172 130 195 77 164 21 <) F•3 
Kid!lC}'S 344 176 288 308 29? 304 301 
Skrn 290 176 145 20(, 135 144 162 
:r .... 11licn 34 61 312 133 SI 5 102 250 
Blood 702 703 670 692 

Figures 4 & 5, Tables 9-12 reprinted 
with permission from J. Agri. Food Chem. 
13:349-52 (1965), Copyright by the 
American Chemical Society. 
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B. Physiological Effects 

\Jinteringham and Barnes (1955) reviewed the literature on 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 dibrornide causes a non-narcotic type 

of unconsciousness, but no apparent nervous system dal'lage. Minor 

hepatic and renal necrosis occurs. 

Olomucki (195 7) demonstrated that, in chickens, it was likely 

that ethylene dibromide caused the pituitary gland to decreasi~ 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 ethyle·:ie 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 'laY. 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 nnnole/kg of ethyl bromide. After two hours the hepatic gluta­

thione level was 52% of normal. This compared with a literature value 

of 50% for a 1.6 mmole/kg dose of 1-butyl bromide. 

Alumot (nee 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 µg/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. ~njections 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 control 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. 

JI J 



Reprinted with permission from CQ!!!I2~­
Biochem. Physiol. 39(1B) :61-68 Tl971) 
Copyright by Pergamon Press Ltd. 
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Figure 6. Total m1 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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TAhLl l.t fl HC f OF SO:,!, ~ll llCAI' fUIUC ACID l'lU C L'll''.l«'· O' 1 llT: 11 \ l L 0< I'" \!_ < d L 1 '.Hl!ON[ HJ 
RAT 111 IR 

Ct'1 ~,' _•:..!nJ 
ad11.1:11:5-:c1 .. :J 

Do·;c Total izlt•t.1t:1i.mc (mg!\00 g liver) ;if;.::: 
(rn-molcs/lq~) _________________ ,_ _____ _ 

0-5 hr I 0 l r 2 D hr • ~ ' ) I" " 

-·----~-

184 187 \81) !BD 
(176,191) 2 187 1 ( 18 ()- J s i) l (I -- -2C9J'-

216 :() ~ 174 
(201,'."!10)2 (l'l_l,~i_\_)) 2 

(I"~ , /1/)1-
3·0 17() 

(Jll~-J 57)' 
172 19\ m 

(155, l S9)1 {J7),~1l•)J' (I I I 1 l4-)?. 
3-0 17(, 

(173-1~.,) 2 

178 l ·l5 .~: 

(171, 1 S5)2 (115, 175)' (1,4_99)-.. 
3·0 135 

(13':,132) 2 

})'
1 ~ 1Jf 1 _rh1 rf i11 \'.~1kr, act1nwi-tc1 .. 'd ~1t 0 hr to rah \'.'L1ch L(1d t. ~ ... ;J) f; 1 ·,~1~d for 19 lir J~e - h 

nre t •)''"'''·I [t') 1llC\tn'. wit 1
1 Ltll":~~ in p:trc1:tL." 1·\; th:. ~Utl rio: figdIC i;:Jic.dt, tin; ri• ,....,l,€1.; 

CX! -.'f,' ~· ~~ C<n~tf'o! ~ll1:1JLt! 1 , \,(j1,.~ r•i\\.'IJ Wl:kr hJ' !:l!on: 1c!1 tul1...: 

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 oE 79-180 pp~, 

highest in the albumin, and dose rather than duration of treatraen t re--

lated. 'Ihey 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 reactivi.ty 

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 week;:-;. 



There was still dibromide present after this time, in a distribution 

gradient about the injection point. They recormnended tillage after 

fumigation and before planting. 

Lindgren et al (1962) determined that the total bromide n~sidue 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. 



about the same drnount ul Pthylene dibromi.de wtILn fumigated at l0-20"c, 

but corn ab,,(•rbed more at a higher teniperature. Studying the c I f<·ct "n 

fumigant retention cf sud1 variables Cl& moist111<: l'Ontl'nr, ru1:.i 1 ~,Jt11·'11 !1·111-

perature, and pnst-£urni1,1tion storage tvmperdl11n,·. lhe au 1/101c:i .ou.iJ .c11 

incre:ised rc•t1•11tion in•111 i11creases, in• 1 •asc:., ,•i.! d,•1r1• .. :.LS, t«·'I· I;,., 

for wheat, d11d iocn;.1:-.1•:. i11 all threl' !1>1· con1. 

Recovery <)f ethylent' di.bromide addt'.d to g1uund ''l1n1 did rH•l ,J;···;· 

below 90% altt."r 10 davs sitting at 20"C. 

and baking pr«1d11cts with r.ic•thyl bromid1• 11sing «>nditLon,, dc1s1gil:·d t .. > 

simulate curru1L pracLii:e but slanted l<J yiel . .1 111.ir.ili1a1 hrrn:1idP 11::;id11c•s. 

Some of their tested goods may already l1ave l)l'<'ll trL·ated with 1>1oc1tu<' 

fumigants. Tlt1c1ir results are in Table !!1. 'J'lll' List coLurnn un tht, ri~'.lil 

was intendl'd Ln be WoL'd as an aid in p1·l·dicti11g 1esidue ;1c«urnuLJtinn.s 

for i· rnmid" . ' 1 dues 1 .i 11rocessed fol'd. -.,-ere· 11.11 1 a I l .,• h"s' d (lli t I L' ', .. 

sult, 1 )rf~!'.'~1·11lt tl 11ere111~ 

Castru .111,J f)e]s;•t (J•J(,8) in«ubatL·d soi], 1111trien1'>, ,llld ,_•1l:vle11« 

dihnn1dde-l .. ~·-l'··!4. ,:11liin eight we .. ·k:, near]~· .ill,,( th" lu11ig .. ni l:"d 

bet•11«.inVf':11«1 10 et!.·'"'" and bromidt 1 uns. 'llL'il .'1C,,()~· ti,· ', 2, J 

tativt.' analysis of thi:; ""111pound could 11ot lw run bvca11:A· nf hvdn,1,,·:.ts 

observed in the sterilt, cuntrol culture~.; hl•\·l»'v1.·r, 110 c•L.1 inil· :>r f'.".''""11c 

products were seen in tlte controlt:>. 

Brown and Jenkinson (1971) fumigated soil with methyl bromide: ,tt 

Jl/ 



Tahlc flj, Bnm1idc lfr-.idue.-. in l·ooJ Commoditie-; 

Hate, Bromide lk,id11e,, l'.I'.\ I. 
Food IL<>, ~,: o F. I lour~ Lh./ .\I. lJnln·:1tcd 'I n·:1tul (nl'l)'l SpedhL.i.· 

Candy and Conlc·c11on' 
C1mly bar' 1.3 k(} 24 I I, I 8, 5 6 

llr.111d I 80 24 3 26, 18 7 3 
ChornLttc bar I. 6 ()() 12 3.75 0,0 25 6 7 

llr.111d 2 80 12 2.5 26 10 
Choi:oldte bar I. 3 80 24 I 2, 2 6, 7 6.5 

Br and 3 80 24 3 18, 17 5.8 
CanJy bar' I. 2 80 24 I 1, 4 8, 7 7 5 

Brand 4 80 24 3 28, 13 6 8 
Candy h:ir' I. 2 80 24 I 3, 2 10, 8 9 

Brand 5 80 24 3 31, 31 10 
Fudge 0.6 80 24 I 2, 2 3, 3 3 

llranJ 6 so 24 3 11, ..J 2 5 
Che\\ing gum 2.1 80 24 I 0, I 4, 3 3.5 

80 24 3 9, IO 3.2 
I\ 1 ar:.hma llow~. 0.7 (,() 12 3.75 0,0 6 I 6 

large 80 12 2.5 7 2.8 
:\lar-.hmallo"s, 1.4 80 24 I 0,0 0,0 0 

m1n1,1ture 80 24 1.5 0,0 0 
Minb' 0.8 80 24 I 1, 2 5, I 3 

80 24 3 6, 12 3 
Peanuts' I. 8 80 24 1 4, 13 27, 5 16 

80 24 3 59, 55 19 
Sugar, caned 0.1 80 24 1 7, 7 0,0 0 

80 24 I. 5 0,0 0 
Cc re a I Products 

Com 11.i"-c'> 3.9 80 24 1 5,6 0,0 0 
l}ranJ 1\ 80 24 I. 5 0,2 0.7 

Ct>rn tbh.c·> 4.7 80 24 I 5, 6 0, 2 I 
Brand B 80 2.J I. 5 0, 2 0 7 

Hominy brits 8.2 80 24 I 4, 3 6, II 8 5 
80 24 I. 5 IO, 11 7 \) 

Oat cereal 4.3 80 2-l I 0,0 8, 7 7.5 
80 2:1 I. 5 15, 14 9.7 

Puffed rice 4.1 80 24 1 0,0 7, 9 8 
Brand A 80 24 1.5 6, 7 4. 3 

Pulfcd rice 5.8 80 24 1 0,0 9, 9 9 
Brand C 80 24 I. 5 IO, 14 8 

C cam of wheat 11.l 80 24 I 12, 25 17, 17 17 
80 24 I. 5 J.1, 4·1 26 

Pulkd ''heal 4 9 so 24 1 0, 0 6, 8 7 
80 24 1.5 9, 11 6 7 

Shredded \\Iv: at 6 9 80 24 1 0, 10 5, 8 6.5 
80 2.J I 5 11, 4 10 

l-1.i~nl cereal 7.9 60 12 3.75 8, 5 14 3 7 
llr.111d IJ so 12 2.5 7 2 8 

ll.d, 111g p1.)\\ tkr 11.6 60 12 3.75 0,0 0 () 

so 12 2.5 0 () 

Nondks, q:~ 6.7 so 24 I 0,0 15, 16 16 
so 21 I. 5 23, 20 1,1 

Starch, corn 10.6 so 24 I 3, 3 3, 2 l.. 5 
80 2..t I. 5 5,5 3_3 

I\ 1.1,·•1 ron i 9 6 60 12 3 75 0,0 12 3.2 
80 12 2.5 12 4.8 

(),,lo! fnnd. dry 8.9 (,() 12 3.75 8, 11 98 2(, 

!10 12 2.5 81 32 
C1ttk kcd. 1111.\cd 10.3 60 12 3.75 8,0 68 18 

80 12 2.5 81 .12 
(\1rn11lc'.d 11.9 (,{) 12 ~.75 0,0 68 1S 

80 12 2 5 68 27 
11,iur. nrc 8.5 80 2.1 I I06, 107 0,0 ll 

80 2.1 I. 5 1.\ 53 22 
l·h•ur. "'Y 60 70 ·1.'. 5 I u ,,l) .Jl) 
I l.iu1. 1.q11.ic:1 70 ·12 5 I () 0 () 

I ,, 1111. II l111c \\'"';It 
lh.111d I• I 8.5 80 2-1 I l·I. 16 ·II, 41 41 

so :?I I. 5 51, (ii JH 
111 .111<! 2· ' 11 . _1 ~ () .'I I 12, I) 21. rn 20 

,c:o .'I I .~ .'fi, 11) I'! 

Reprinted with permission from J. Agri. 
Food Chem., 16:265-71 ( 1968). Copyright 
by t~Ameri can Chemical Society. 
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Tahlc 14. (Contimtl'd) 

Hatl', Bromide Hl'illul·,, l'J'.\L 
Food 11,0, :·:, , F. I lour\ l.h./1\1. U11trc.1tcil lrc.1tt·d ind)· '.·'>fl' 

Braud 21\'·' ~ II 3 80 24 I 15, 16 23, 2 l .' j 

so :?~ I. 5 J2, 15 
Brand 3' " 1

' 11 1\0 H I to, 7 :>S, 211 '. 
KO 24 I 5 .12, .11 2~ 

Brand 4• 8 8 ~\O 2-1 I 6,0 21, 2-1 ', 
80 2-1 I. 5 .HJ, 51 ~t) 

I· l11ur, '' hok 11 heat 
U1 .111d 5" 10 5 80 24 I 14, 13 2K, 32 )\'.' 

80 24 I. 5 .)(i, ·14 ~;u 

Brand 6 8 2 80 24 I 7, 5 l6, 41 
80 24 I. 5 (10, 52 ,l/ 

Bra1Hl 7 11 4 60 12 J 75 0, 0 79 2: 
80 12 2 5 92 Jf, 

CaJ...c mix 
Brand 8 4.3 ()() 12 3.75 0, 0 24 <'1 ..... 

80 12 2.5 19 
Brand 9 3.8 80 24 I 4, 5 3, I 2 

80 24 I. 5 7J 7 ·1 
Brand JO 4.8 80 24 I 4,4 3, 3 3 

80 24 I. 5 6, 1 
Brand 11 4 I 80 24 I 4, 5 5, 7 6 

80 24 I. 5 JO, 6 
l'ancnJ..c mix 

Brand 12 8.4 80 2.1 I 8, 8 7, 7 
80 24 I. 5 10, 10 

Brnnd 13 8.5 80 24 I 31, 32 0,0 0 
80 24 I. 5 0,0 r 

Pie cru:.l 1111\ 
B1and 14 6.4 80 24 I 14, 13 6, 7 () 

80 24 I. 5 13, 16 Q 

Brand 15 6.2 80 24 I 5, 4 4, 2 
80 2-1 I. 5 5, 8 

Brand 16 7.2 so 24 I 22, 27 JO, 16 
80 24 I. 5 22, 2S 

1\111111.d Product" Fats 
C. hcc'Sc, chcdd.ir 5. I ~o 24 I 5, 4 8, J6 ] :~ 

80 24 3 31 I() 

Chc•,-,,c, cott.1gc, 50 80 24 I I, 2 7, lO 
crcaml'd 80 24 3 Jd, 32 I.' 

Cheese, p1nconm11g 13 so 24 I I, 2 8, 9 ~ \ 
80 24 3 37, 23 ! i1 

Cheese» parmcsan, 80 24 I 7, 8 85, 75 oU 
grJkd 80 24 3 252, 1'10 7. 

Beef, roa,r, chuck 57 80 24 I I, 2 2-1, 13 fq 

80 24 3 J7, ti5 Ii 
Bed, ro,ht, loaf 36 80 24 I 4, 4 l I, lfi I ~ 

80 24 3 58, .<O !'\ 
J'r.1nl..furtcr,, 35 80 2·1 I 4, 5 31, 27 29 

,i...1nks' 80 24 3 85, 73 
,, 

Pork, 'houLkr, 37 80 24 I 3, 3 6, 8 
\llHJ!..c·d 80 2-1 3 -17, 21 J 2 

i'uri.... ,tc,1!,. 37 80 24 I 4, 2 2~, 22 '' -·' 
80 21 3 so, 5 3 :"' 

B.1con, ,1ic..:d l I. 7 80 24 I 6, 7 22, 29 " 
80 2-1 I. 5 )1\, 37 ; . 

l°!'.l'.', po1Hlcrcu 80 2·i I 36, 36 "l, 12) '\'"-i 

80 24 3 J:i-1, 3J8 II 
(;d.11111, u11il.1\ 01cd 81} 24 I 18, 20 11, 1.1 i' 

80 2-1 3 W, 53 
<.;d.1t111,1 IL11nrcd J. s (i(} 12 3.75 0, () () 

l\() 12 2.5 () ' ~ 

\Jilk, 111.iltc·d XO 2-1 I 9, 10 7,.l 
XO 2-1 J 0, 5 

Dry w 2-1 I I 0, ~ (1, 7 
~l,1111ni. .. 1 ~I} 21 3 i, .) 

.\ Jii\-, d1 _I ~t} 2 I I .11, J7 0 , I 
\\ h,11 .. oil 21 3 : ,, IJ 

J', ,, h ,,111,.1:'t» Ii 111.. I 'J. 5 ~() 2 I I \ (i I I, I I J1, 

m ! I J h, -;o '' 

31 '/ 



Food 

Veal lo.if 

Butter 

Shurt.:n111g 

lkrh. Spice'. lkn:r.1gc" \fi,c. 
Cocoa 

luilu·. gniunJ 
llrand A 

Culkc, grnun,1 
llr ;1 nd ll 

Coif cc h.:.111s 
f<u;1>tcJ 

Tea, green 

Tea, orange pekoe 

Alhp1ce, ground 

Cinnamon, ground 

Ginger, ground 

Nutm..:g, ground 

l'q>per, red, grou11J 

II 0, '.'~ 

40 

.t. 7 

4.4 

0.7 

6.0 

5 7 

2.9 

2.7 

5.3 

6. 1 

8.6 

9.0 

10.4 

7.9 

7.3 

7.5 

Tahll' I~. (Continued) 

o F. 

80 
80 
80 
80 
!'(() 

80 
fiO 
80 

60 
80 
60 
!\O 
80 
80 
80 
so 
80 
80 
80 
80 
80 
so 
80 
80 
80 
80 
80 
80 

80 
80 
80 
80 

I lour~ 

24 
24 
24 
24 
24 
24 
24 
24 

12 
12 
12 
12 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

24 
24 
24 
24 

n:•tc. 
l.h./ :\I. 

I 
3 
I 
3 
I 
3 
I 
3 

3.75 
2 5 
3.75 
2 5 
1.0 
I. J 

I 
I. 5 
l 
I. 5 
I 
I. 5 
I 
1.5 
I 
I. 5 
I 
I. 5 
I 
I. 5 

I 
I. 5 
I 
l. 5 

6. 6 

I, I 

3, 3 

1, I 

0,0 

0, 0 

I, I 

0,0 

6, 6 

7, 8 

4,4 

4, 3 

73, 71 

25, 24 

28, 28 

I, l 

8, 8 
27, 25 
o .. t 

11. 11 
I, 0 
3, 7 
1, 1 
2, 8 

47 
33 
25 
29 
11, 12 
10, 10 
4,4 
5, 5 
0,0 
5, 7 
0,0 
I, 2 

15, 25 
26, 23 
12, 0 
19, 16 
8,8 
6, II 

7, 4 
16, 11 

9, 9 
6, 5 
0,0 
0,0 

8 
H 7 
5 
3 7 
0.5 
l '7 

1.7 

13 
].\ 

6. 7 
12 
12 
6.7 
4 
3.3 
0 
4 
0 
I 

20 
17 

6 
12 

8 
6 

5.5 
9 I 
9 
3 7 
0 
0 

a Nd =:: n:"iduc in tie.ltcJ - an:r,1g~ r(:"idu~ in untr~.·:c,h:d ~dmpl~. ~ Sp.:dti..: rl..'.~tdul.! ;:_:av.PP Ill. incrc:isc from fumig.ltion ~ Cllo1..olat~-
. 1.1tc.offt:lll1>.!,1l101i (!Li 7'-1.) - -

covered. J E\tr.i fine g1.t11uf,1h:J. 'Ule.1d1cd. I Brom.1kd. 'F.incy patent. h Emichcd. 'P.1'1ry flour. ~' Fur111~.1tcd 111 co111111crnal 6-oz. 

package. 

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 t':ie above 

ground portions - first year plants which suffered scorching damage con-

tained as much as 0 .61%. 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. In general lower fumigation temperatures resulted in lower 

bromide (Br-), but higher ethylene dibromide, residues. 

J20 



Reprinted with permission from J. Agri. 
food Chem,, 21:433-36 (1973). Copyright 
by the American Chemical Society. 

Table IS: Bromide Residues Found in Pulp and Skin or Fruits fumigated with Methyl Bromide .1t V;ir1ous Temperall•rc~. b, 
Normo1 Atmospheric Pressure ( 7 60 nun) for 2 hr 

Peach 

Temperature, Dosage mctryl bromide, 
·c mg/I California 

25 0 (control) 0.3 
25 16 3.5 
25 24 4.5 
25 32 5.5 
21 24 4.Q 
21 32 4.6 
21 40 5.3 
15 32 3.5 
15 40 4.0 
15 48 4.3 
10 40 2.7 
10 48 3.2 
10 64 3.8 
4 48 1.9 
4 64 2.7 
4 80 3.5 

Table lb. Distribution ol Residue in Peaches and Plums (ppm) 
Fumi9<11ed with Methyl Gromide at Different Dosages <ind 
Tem.ierilturcs for 2 hr 

Fruit part 

Peaches Skin 

Peaches Pulp. outside half 
Peaches Pulp, inside half 

Peilches P1twall 

Peilches Seed 
Plums Skin 
Pl urns Pulp 
Pl urns Pit 

Dosage methyl bromide, 
mg/I 

0 16 64 

Temperature, °C 

25 25 4 

4.3 10 4 3.4 
2.0 1.8 1.9 
2.0 5.2 2.3 
1.3 4.1 1.1 

15.0 47.0 15. 7 
4.7 7.1 8.6 
1.0 1 9 1.8 
2.2 5.2 6.2 

Table 18. Residue of Ethylene Oibromide and Inorganic Bromide 
In Newly Harvested Macintosh Apples alter Fumigation with 
Ethylene Dibromide 12 mg/I. for 4 hr al 13° 

Concen­
tration, 
mg/I. 

12 
12 
12 
12 
12 
12 
12 
12 
12 

Time after 
fum1qa-

1ton, days 

1 
2 
4 
6 
9 

12 
2 
3 
5 

Contr0I nonfumlgillod 
apple~ 

Stornge 
tomµ~ra­

ture. °C 

13 
13 
13 
13 
13 
13 
25 
25 
25 

Ethylene 
d1brom1de, 

ppm 

23 
3.6 
1.2 
0.17 
0.14 
0.23 
0.2 
0.15 
0 

0 

Inorganic" 
bromide 
residue, 

ppm 

1.7 
2.2 

2.4 

1.9 

0.8 

Residues as brorn1<le, ppm 

Cherry 

Cal1lorn1a 
Ontario California (Bing) (Schmidt) P11 .. 

0.2 4.1 
4.9 11.4 

4.2 11.0 

3.2 8.2 

2.3 7.2 
3.9 8.2 

2.4 4.2 
4.7 5.3 

30 
6.7 

6.1 

5.9 

4.6 

3.5 
4.7 

Table l7. Residues of Eth\·len0 Dibromic1e ;;nd 1.-..:,: 
in Applesa alter Fumigation with Ethylene D1bronrnJ~ 
and 24 mg/I. .or 4 hr at 13" 

.... \', 

~ ' ., . 

lf.:.rloi.·;i...,,,~,dc 

I )I}; I! 

Concentra­
tion. mg/I. 

Time ;l..htr 
fumiq~-.:it:on, 

day~ 

Ethy\encd1Po.- .ro" ,~" '!J.•fi 

mtde re.:iu!LJe. "'f\ r '"·"" 
ppm 

---------------------- --- -·----
12 ' 36 
12 2 14 
12 3 4.5 ~$ 

12 6 1.2 
12 12 ' ,- I 

24 75 
24 2 40 
24 3 13 ~. 4 
24 6 1.6 

Cont10I nonrumigated apples 0 ,, I 

a Arples (Dt--lic1ou~ v.:1:11•ty) tlt•ld Hl cold ~.lur.HJtJ 10 n,c r,r, ... ,I(): .t'I Ir 
at 13 dfkr tr(',1tnn nt b Thts includes somo brrinuck tf''•,H.r o f~c;n tho 
elhylono drt1rorn1de 

Table I~ Inorganic Bromide Residue In Shelled •• nu "ln-Shell" 
Walnuls ;irtcr Exposure lo Methyl Orom1de ~• V<'.lnous 
Concentrations for 24 hr 

Fum1ga1ton tnc·g2.1"""1·C bro. 
tempera- CH ,f'' doe m1 f(I- ~{,<",lr1d6, 

lure, 'C ag~. mn/l ~.1J....olTI 

Without shell 25 0 2 
25 16 90 
21 24 81 
15 32 74 
10 40 67 

5 58 1 lC 
2 64 4'.:l 

-1 64 c. 
-4 64 u. 

In shell 25 Hi ?;..: 
21 "" 'M 
15 a~) ,Jif 

10 4'.i 14 

5 •,13 17 

-~21 



B. Environmental Transport 

No specific information was found. When used in above ground appli­

cations, ~thyl bromide and ethylene dibromide ev<i.porate into the t;enet°'<l 

atmosphere. When used in below ground applications, 'llethyl bromide has 

to be "covered" to prevent rapid evaporation into the ai..r, and et11ylenE' 

dibrornide seems to stay very close to its point of in::>ertion. 

1;, Bioaccumulaticm 

:~rtin et al (1956) grew vegetables and citrus seedlings in soil 

treated with ethylene dibromide. In either a sandy loam or a siltv clay 

loam the citrus tops accumulated only about U .40% 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 .17%. 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 (195 7, pp. 201-2) added 13 ppm of ethylene dibromide 

to commercial bakers' flour and 20 ppm to rolled oats. Bread prepared 

from the flour was free of unchanged fumigant. Boiling the oats 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 variety of vegetables on earth treated with 

ethylene dibromide at 4.67 g/m2 • Lima bean straw contained LS, 76, and 



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-/flO ppm of Br from 

methyl bromide fumigation. The following portions of thP. 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 
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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, tre hen did not accumulate Br 

over the amount it was taking in. 

Wilson and Norris (1966) applied ethylene bromide to soil at 11 ml/m2 

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 ZO. 
·1 ot.d brrnn1dcs 1n ppm. in various crop> .ind the llllll k >Oil 

1n which they were growing after 9 yc.ir~ of tre.1tment 
with the s.unc fum1g.mts. J \)(i'i d.1ta. 

Som piing 
Vegetable dote EDB 

Radish 7/20 
Roots 378 
Tops 665 
Soil 16.5 

Beet 8/2 
Roots 216 
Tops 469 
Soil 16.5 

Lettuce 9/28 
L"aves 330 
Soil 27 

Carrot 9/29 
Roots 45 
Soil 27 

Potato 9/29 
Tubers 66 
Soil 27 

Onion 9/29 
Bulb, 12 
Soil 27 

Celery 8/25 
Stalks 402 
Soil lB.5 

Spinach 8/10 
LeaveJ 102 
S<;il 18 . .5 

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 renal 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 swallowing problems. The 

autopsy revealed extensive necrosis of the greater curvature of the stornarL, 



hemorrhagic gastroduodenitis, brain congestion, and massive hepatic 

fatty degeneration. 

Kubota (1955) reported that human fa tali ties resulted from air con­

centrations of methyl bromide '.:. 600 ppm, but 100-150 ppm was harmless. 

The blood of fatal cases had 211 mg/ 1 of Br, with survivors s:10wing only 

50 mg/l. Skin in contact with 8000 ppm developed pustules. 

Winteringham and Barnes (1955) reviewed the symptomology of rrethyl 

bromide poisoning. 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, nausea; chronic overexposure damaged liver and kidneys. No 

standard for maximum air concentration had been set, but the r.cinge 2-25 

ppm was under consideration. 

Turner (1958) reviewed the toxicology of di- and tetrabromomethanes, 

recommending industrial exposures of < 25 ppm for CH2Br2 and < 1 ppm for 

CBr4/8-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 lur:,gs exhibited 

degenerative-inflammatory changes, hemorrhages, and stasis. 

Franken (1959) discussed a fatality from chronic occupational ex­

posure to methyl bromide. Considerable damage aad occurred to the sensory 



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 0f 

chronic occupational exposure to trethyl bromide. They pointed out that 

2-6 other workers similarly exposed were apparently unaffected. The 

symptoms exhibited by the "eight" approximated the syndrome of 

polyneuropa thy - 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) corranented 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 nethyl 

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 

irethyl bromide poisonings occurring in California from 1957 to 1966. 

Van Haaften (1969) reported the first known case of human poisoning 

from acetylene tetrabromide, Br2CHCHBr2 . 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 21. Symptoms of our fourteen cases Table 2.Z. Signs manifested in our fourteen rnscs 

Symptom JNumbcrl o/ 
of cases '"' 

-\N:~-1~-c~~, -
of case>' ,., 

----- --------- ____ L -- -- - I __ 

Sign 

------ --------
1Gait di,.turbance 

·Headache 

'Numbness of the cxtrcm1t1rs 

Dizziness 

Nausea, Vom1t1ng 

Speech di>turbance 

Blurred vi>ion 

Forgetfulness 

Irritability 

Insomnia 

Emaciation 

Double v1s1on 

Chills, Shiverrng 

Loss of libido 

Depression 

Anxiety 

Asthenopia 

12 86 

11 79 

9 64 

7 50 

5 36 

5 36 

3 21 

3 21 

2 

2 

2 

1 

Ataxia of gait, lncoordination 

Contracted visual field (red pNimctry) 

Positive Romberg's sign 

Exaggerated deep re:lcxes 

Transient hypertension 

Impaired superficial sen>at1on 

Hearing loss 

Nystagrnus 

Muscular weakness 

Hand tremor 

Coma 

Intention •remor 

Impaired deep sensation 

Sluggish deep reflexes 

Muscular atrophy 

Inability to fix 

Skin rash 

Generalized convubion 

Pathological refle>.es 

11 79 

8 57 
6 43 

6 43 
5 36 

5 36 

4 29 

4 29 

4 29 
4 29 
2 

2 

2 

2 

2 

2 

2 

Sax (1968) gave TLV's and Toxic Hazard Ratings for a number of 

bromohydrocarbons, as follows: 

TLV (according to the ACGIH) 

Methyl bromide 

Ethyl bromide 

Ethylene dibromide 

20 ppm (78 mg/m 3 ) 

200 ppm (892 mg/m3) 

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. 



Ethyl bromide Highest toxicity from acute syster'1ic 

ingestion, inhalation, and skin absorption 

Sub-fatal toxicity fron; aL11te -10caJ 

irritant, chronic systemic ingestion, in· 

halation, and skin dbsorption. 

Ethylene dibromide Highest toxicity from acute locill and 

systemic ingestion, i~1alation, irrilctnr, 

and skin absorption. 

Sub-fatal toxicity tror1 chronic 1oca l 

irritant, chronic systemic ingestion, in-

halation, and skin absorption. 

Vinyl bromide Sub-fatal toxicity from acute local 

inhalation, acute systemic inhalation, and 

chronic systemic inhalation. 

Propyl bromide Highest toxicity from acute local and 

systemic ingestion, inhalation, and 

irritation. 

Sub-fatal toxicity from acute syst~mi. 

skin absorption. 

Unknown toxicity from chronic local 

or systemic contact. 

From "Dangerous Properties of Industrial Materials" by N.I. Sax c 197~, 

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/l of methyl bromide; death occurred in three or two hours, respectively. 

Rowe et al (1952) determined these LD-SO's for ethylene dibromide 
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vapor exposure (g/kg): 0 .055 for female rabbits, 0 .079 for chicks, O .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 impl1rtantly, 

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 exposu-res were 

(g/m3):10 for methyl, and> 100 for ethyl. 

Davis and Hardcastle (1959) determined 24-hour ~dian tolerance 

limits of bluegill sunfish (Lepomis macrochirus) and largemouth bass 

(Micropterus salmoides) for ethylene dibromide, ~5-18 and 25- 1)0 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 ~thyl bromide in white mice. 

Sokolova (1962) exposed rats to 1 g/m3 of ~thyl brontlde. There 

was a reduction in oxygen requirement from 3-4 m~/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 dib:i:omide 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 required 6-10 months. 

l \I) 



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 nnnole/kg of 

the tetra-. Most suffered damage from 4.4 mnole/kg of the tri-, and 

less than half suffered damage from 0.3 nunole/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 10-day observation period (m~ole/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/1 of dibromomethane or to 

11-13 mg/l 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 m=thyl brouide. 

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 kE-_,/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 ppm. 

2. Chronic 

Rowe et al (1952) reported that guinea pigs, monkeys, rabbits, c;nd 

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 w:Lth 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 (l/lOth 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/l. 

Dykan (1962) exposed rats for four hours a day for two months to 

0.25 mg/l 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. 

Kantarjian 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 rronkeys 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/l 

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 ~ 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 noun­

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 species 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 ~dically. 



TAUi F. 13. 
Final Averagr Body, Li\Pr and Kidney Weigtts From Rats that Received Repeated Seven-hour 

Expo~ures to Aet'tylene Tetrabromide Vapor 

Organ Weigh.ta ----:.po~--1 
Conr., I No. or 

JJpm Ra ta 
Sc• No. of 

Exp. 

~ ·-1-- ~g -

Duya Final ---------- ---------
on Av~-. Liver Kidney 

Expt Body --- - - ----- -----,----
- ---- Wt.,_1_ - __ g __ I g/100g - _ _.!.__ g/100..!_ 

Controls 
14 

Control& 
14 

Control•* 
4 

Controls* 
4 

Controls 
l l 

Controh 
1 1 

10 
10 

8 
10 
UI 
l!i 
18 
17 
17 
16 
19 
20 

'F ' 0 
F I 10 
M 1.,:7 
M In 
F 1~8 
F 1~8 
M 1:n 
.M I3l 
F 132 
f' 132 

100 I 322 7 50 2 33 2 . 12 0 66 
100 287• 8 35d 2 9:l· I 2 07 o 73 
100 195 4 89 I 2 50 1 53 0 78 
lOO , 184• o ~7· I 3 14• l 56 o.85 

:~g m ~ ~~. 1 ~ !~. ~ j~ g n 
!Rl 209 5 2.') I 2 51 l.48 0 71 
!Kl 197 5 78' i 93• l 54 0 78 
190 3Kn 8 52 , 2 2l l: 24 0 58 
190 31;H H 60 ·1 2 3 5 l: 14 0 58 
191 234 5 64 2 48 l . 52 0 65 
191 237 5 90 2 42 l.52 0 69 

•Air-exposed rontrols 
••This we-1~ht ts an averal(P valu" for a group o( four animals 

(d) P•>0.06 (•) P~<o.001 t") P=O.Ol (') P-0.05 

TABLE 21.f. 
Final Average Body, Liver and Kidney Weights from Guinea Pigs that ReceivPd RPpeated Seven-hour 

Exposures to Acetylene Tetrabromide Vapor 

Vapor 
Cone .• 
ppm I I

I I I Ori:an Weighta 
Days Final ---------- - ---------

No. of Sex I No. of I on Avg. Liver Kidney 

Rats I Exp L Exp~- ~.tL _ g =-~~lOOg:::: =~=~a;-
--·-=----!---~ -i-- 7; :g: m. ~~ ~~ ~ ~~ ~; ~: u~ Controls 

14 
Controls 

14 
Controls• 

4 
Controls* 

4 
Controls* 

1.1 
Controls* 

Ll 

•Air·PXpO"l•·d t•ontrols 

8 F 0 101 811 2594 320 !>74 0.71 
8 F 73 101 673• 24 o3 3 64• 4 3G 0.65 
R M l 29 182 926 Z9 55 3 20 :; 92 0 64 
8 \I 129 182 744• 24 02 3 24 ii 41 0 73• 
R F l:lo 183 862 28 31 3 29 :; 45 0.63 
X F 130 183 7H5 25 62 3 27 ·I 96 0 63 
R M 133 192 8f>2 26 6 3 14 84 O 69 
8 M 133 tn 807 ~6 48 3 28 :; 14 0.64 
7 F 184 19'> 8~6 2906 347 :;79 068 
6 F 134 195 815 28 75 3 53 ·I 74 0 58 

**This v. t·i~ht 19 .in uvcragf" valu<> for a group of two animals 
(•) P4<0 001 \") l'~O 004-0 006 (') P=O 03 

TABLI...: 1.S. 
~'inal Average Body, Liwr and Kidney Wrights from Female Mire that RPceived Repeated Seven-hour 

Exposures to Acet~·lene T('trabrom1<le Vapor 

------------,---------- I ------· ---;r::-;•ights ----------
Vapor Duys Final - -- - - - -- - - ---- - ---- -- - --------
Cone. No of No. of on Avg. Liver Kidney 

-~~m-- ~Hee - -~~~~-~~-~~-~YIC _ 1=--;=i--~/i~~==~= g/~OOg 
Control 10 0 105 32 I 1 92 6 0 O 4:: 1 3 

14 9 73 105 31 2J5b 69' 041! 13 
Control* 9 127 180 35 1 92 5 5 O :;:: 1 5 

4 7 127 180 31• I 1 73 5 6 0 .4h 1 5 
<"untrol* 9 130 189 27 1 51 5 6 O 3;l 1 3 

1 1 6 130 189 27 1 44 5 4 0 s:: 1 2 

•Air-exposed rontrols 
1•) P~ >0.1 (L) P=O 048 (•) P= <O 001 



TABLE 2'-
Final Average Body and Organ \Veights from Rabbits and Monkeys that Received Repeated Seven-hour 

Exposures to Acetylene Tetrabromide Vapors 

V1tpor 
Cone. No. of 
IJIJffi Animdl, 

·---- ----
Control IM 

If' 
lt 2M 

2F' 
Control• 2!YI 

2F • 2M 
2F 

Control• 2M 
2F 

1.1 IM 
IF 

Control lM 
H 1M 

Control 2F 
1.1 2F 

-
*R=Rabbits 

••M=l\fonkeys 
(•) Au~XiJOS\.'d controls 

I Spttit_-s No. of 
~:xp. 

----- _____ \ 
R* 0 

R 75 

R 129 
130 

R 129 
l:lO 

R 135 

R 135 

M•• 0 
M 79 
M 136 
M 136 

I 
Ori.:an Weights 

Days Final ------
I on Avg. Liver Kidne} Teotes 

Expt. Body 
-i.:-1 .,. • .-r ;-T;''"" --;--1-;:;J Wt.,g ---1--i---------1--

106 3155 58 6 I I 86 12 8 0 41 5 97 i 0 

106 3120 9o s 2 90 14 3 I o . 46 4 09 I o 

182 3862 914 2.36 156 040 5 98 0 
18:1 
182 3775 112. 7 2 95 15 8 0 42 5 12 0 
183 
196 3412 91 2 2.68 14 2 0.42 4 79 0 

19G 4490 lOR 5 2 42 17 6 0 39 5 51 0 

107 4690 100 4 2 14 19 6 0 42 8 55 0. 
107 5460 138 l 2 53 21 6 0 40 4 22 0 
198 4720 109 3 2 32 I 16 3 0 34 -
198 4630 117 0 2.52 I 19 8 0 43 -I 

Tables 23-26 reprinted with permission from Amer. Ind. Hyg. 
Asso. J., 24:28-35. Copyright by the American Industrial 
Hygiene Association. 
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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 1,6-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 l0,000 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 .OS) external or internal changes 

resulted which were also dose-related. 

3. Sensitization 

4. Teratogenicity 

5. Carcinogenicity 

6. Hutagenici ty 

7. Behavioral effects 

No mention was found in the literature of findings bearing on 

3, 4, 5, or 6. Many of the bromohydrocarbons seem tu 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 connnon name, the latter was included in the table. 

Also in the table is the specific bromohydrocarbon, 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 soil 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 195'.'. 



Table 27. Insects Known to Be Susceptible to 

Bromohydrocarbons 

Acanthoscelides obtectus (bean weevil); MeBr, EtBr2; 10757 (1954) 

Acarus siro (cheese, wheat mite); MeBr; 10793 (1966) 

Achroia grisella (lesser wax moth); EtBr2, 12155 (1958); EtBr, 14709 (1965) 

Aedes aegy~ti (yellow-fever mosquito, eggs); EtBr2; 12589 (1962) 

Agriotes (wireworms); EtBr2; 10717 (1956) 

Amphimallon majalis (European chafer, all stages); EtBr2 ; 11331 (1962) 

Ancylostoma caninum (canine hookworm, larvae); EtBr2 ; 12653 (1954) 

Antagenus piceus (black carpet beetle); MeBr; 11318 (1962) 

Anthrenus flavipes (carpet, furniture beetle, all stages); MeBr; 11318 (1962) 

Anthrenus verbasci (varied carpet beetle); MeBr; 11318 (1962) 

Aphelenchoides ritzerna-bosi; 1,4-dibromopropyne; 11402 (1958) 

Aphelenchus avenae (nematode); EtBr2; 11199 (1971) 

Argas persicus (tick); MeBr (EtBr not effective); 153~5 (1955) 

Ascaridia galli (chicken worm); 1,1-dibromoethane; 12355 (1952) 

Ascaridia lineata (chicken worm, eggs); MeBr; 10734 (1955) 

Atta cephalotes (ant); MeBr, EtBr2; 10739 (1955) 

Balaninus elephas (larvae); MeBr; 11047 (1954) 

Baris lepidii; MeBr; 14944 (1965) 

Belonolaimus (sting nematode); EtBr2 ; 10734 (1955) 

Belonolaimus longicaudatus Rau (sting nematode); MeBr; 11333 (1962) 

Brachycerus (weevil); MeBr; 12491 (1963) 

Brachytrupes membranaceus (DRU)(cricket); EtBr2 ; 10747 (1954) 

Calandra granaria (grain weevil); EtBr, PrBr, BuBr, PeBr, HexBr; 12936 (1953) 

Caloglyphus krameri (mite); MeBr, EtBr2 ; 14883 (1970) 

])7 



Carpomyia vesuviana (Costa) (fruit fly, eggs,. larvae); EtBr2 ; 10718 (1955) 

Ceratitis capitata (Wied.) (Medit. fruit fly, larvae); EtBr2 ; 10719 (1956) 

Chilo agamemnon (corn borer, larvae); MeBr; 11172(1970) 

~ochlicella barbara (snail); MeBr; 14237 (1965) 

~onoderus amplicollis (Gyll.) (Gulf wireworm); EtBr2 ; 10722 (1953) 

-::onoderus falli Lane (southern potato wireworm); EtBr2 ; 11259 (1.966) 

:~onoderus vespertinus F. (tobacco wireworm); EtBr2 ; 11259 (1966) 

1~onotrachelus nenuphar Herbst (plum curculio, larvae); MeBr, EtBr2 ; 11257 

(1966) 

Cryptolestes ferrugineus Stephens (rusty grain beetle); MeBr; 17849 (1967) 

Cryptolestes turcicus Grouvelle; MeBr; 17849 (1967' 

Dacus cucurbitae (Coq) (fruit fly, eggs, larvae); Et.8r2; 10718 (1955) 

Dacus dorsalis - see write up following table (1954) 

uacus ferrugineus (Fab.) (fruit fly, eggs, larvae); EtBr2; 10718 (1955) 

vacus zonatus (Saund) (fruit fly, eggs larvae); EtBr2; 10718 (1955) 

Dendroctonus engelmanni Hopkins (engelmann spruce beetle); EtBr2 ; 10723 

(1953) 

Dendroctonus monticolae Hopkins (mountain pine beetle); EtBr2; 10575 (1955) 

Dendroctonus pseudotsugae Hopkins (Douglas fir beetle); EtBr2; 10575 (1955) 

Ditylenchus destructor (potato rot nematode); EtBr2~ 10734 (1955) 

Ditylenchus dipsaci (eelworm); EtBr2; 12706 (1958); MeBr, larvae, 11409 

(1959) 

Dorylaimus (nematode); MeBr; 11128 (1972) 

Dyspessa ulula (Bo~khausen) (carpenterworm moth); NeBr; 12491 (1963) 

Ephestia elutella (tobacco moth, all stages); ~~Br; 13415 (1959) 



Ephestia klihniella (Medit. flour moth, larvae); MeBr; 12343 (1952) 

Galleria ~llonella (greater wax moth); EtBr2; 12155 (1958); EtBr, 

14709 (1965) 

Glyptotermes dilatatus (live-wood termite); EtBr2; 14812 (1970) 

Gnorimoschema operculella (potato tuber moth); MeBr; 13728 (1958) 

Helicotylenchus; EtBr2; 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 rnarioni (rootknot eelworm); MeBr, EtBr2; -

Heterodera rostochiensis Wollenweber (potato root eelworm, golden nematode 

of potatoes); MeBr; 12278 (1952); EtBr2; 11054 (1953) 

Hoplolaimus tylenchiformis (Daday) Andrassy (lance nematode); MeBr; 

11333 (1962) 

Lampetia equestris (narcissus bulb fly); MeBr; 13486 (1952) 

Lasioderma serricorne (cigaret beetle, adults, larvae, eggs); EtBr2 ; 

12916 ( 195 8) 

Laspeyresia splendana (larvae); MeBr; 11047 (1954) 

Leptinotarsa decemlineata Say (Colorado beetle); EtBr2; 11241 (1971) 

Limonius agonus (eastern field wireworm); EtBr2; 11053 (1954) 

Matsucoccus resinosae (scale of red pine); EtBr2; 13425 (1959) 

Meloidogyne hapla Chitwood (root-knot nematode); EtBr2 ; 10698 (1956) 

Meloidogyne incognita var. acrita (root-knot nematode); EtBr2 ; 10756 (1954) 

Meloidogyne javanica (root-knot nematode); MeBr; 13399 (1959) 
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Musca domestica L. (house fly, larvae); EtBr2 ; 11418 (1962) 

Nippostrongylus muris (larvae); BuBr; 10585 (1955) 

Ophiobolus graninis (take-all); MeBr; 15766 (1970) 

Oryzaephilus surinamensis (sawtoothed grain beetle); Me Br, EtBr2 ; l075 7 

( 1954) 

Ostrinia nubilalis (corn borer, larvae); MeBr; 11172 (1970) 

Oulerna melanopa (cereal leaf beetle); MeBr; 14887 (1970) 

Panagrellus redivivus (nematode, pre-adult); 1,4-dibromopropyne; 11402 

(1958) 

Paratylenchus (pin nematode); EtBr2 ; 10559 (1961) 

Periplaneta americana (American cockroach); EtBr2; 14204 (1964) 

Phylloxera vitifoliae - s~e write up following table (1962) 

Pleocoma (fruit root grub); EtBr2 ; 17851 (1970) 

Popillia japonica (Japanese beetle, grubs); EtBr2 ; 14~53 (1958) 

Pratylenchus penetrans (root-lesion nematode); MeBr, EtBr2 ; 14569 (1961) 

Pratylenchus pratensis; MeBr; 12935 (1953) 

Pratylenchus vulnus (root-lesion nematode); EtBr2 ; 10756 fl954) 

Quadraspidiotus perniciosus Comst. (San Jose scale); MeBr; ~7843 (1967) 

Radopholus similis (burrowing nematode); EtBr2; 13931 (1961) 

Rhagoletis mendax (blueberry maggot); MeBr, EtBr2; 14349 (1970) 

Rhagoletis pomonella (apple maggot); MeBr, EtBr2; 12619 (1962) 

Rhyzopertha dominica (lesser grain borer); MeBr; EtBr2 ; 10757 (1954) 

Rotylenchulus reniformis (nematode); MeBr; 15188 (1960) 

Sitophilus granarius (granary weevil); MeBr; 13476 (1952); Et.Br2; 10757 (1954) 



Sitophilus oryzae (rice weevil); MeBr, EtBr2; 10757 (1954) 

Stegobium paniceum (drugstore beetle); MeBr, EtBr2; 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); 

EtBr2; 14197 (1961) 

Theba pisana (Muller) (white garden snail); MeBr; 14237 (1965) 

Tribolium castaneum (red flour beetle); MeBr; 14243 (1965) 

Tribolium confusum (confused flour beetle); MeBr, EtBr2 ; 10757 (1954) 

Trichodorus christiei Allen (stubby-root nematode); M£Br; 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; EtBr2 ; 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, EtBr2 ; 10757 (1954) 

Cockroach; MeBr; 15130 (1961) 

Fly; MeBr; 15130 (1961) 

Pink bollworm (cotton); MeBr; 12776 (1952) 

Termite; MeBr; 15130 (1961) 
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MeBr methyl bromide,, EtBr - ethyl bromide, EtBr2 - l,2-ethy1ene dibromide, 

PrBr - n-propyl bromide, BuBr - n-butyl bromide, PeBr - n-pentyl bromide, 

Hex.Br - n-hexyl bromide 

Hinman (1954) tested the effectiveness of a variety 0f compounds 

against day-old eggs, and third-instar larvae of the orier.tal 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 l~. Elfectiveness of various compo11n1ls u~cd as fumigants ag11111st naked eggs nnd tl1lrd­
insta.r larvae of the orieni..I ftutt Hy. Milltgrnms per liter giving 50 an1l 95 per c1·nt mort.ilt:ty 48 hours 
after exposure. 

Co•1romm J.l>-!iO J.D-!1:. J.IJ-iill J.1).115 
----------- -·------· ------ ---- --- - -·--

/ftr/.,11, 11n/cd. lli11hnli~ l/ydrocarlN•n•, Sul11ru.lc1l 
Drow ides 

.Mdhane, 1libromo- (methyl1·ne dibro111i1!.-) 18 !It! 
Drumoform 4~ l!.10 
Carbon tetrobromide (~oli1I) >2,';() >2:'.0 
Ethane, hromu-1 !l!l l!I~ 

Ethane, l,1-<lihrnmo- »WI >;.tl:I 
Ethai•c, I, l,\!;l-tetraliromo· > l;;l >l!il 
Propane, l-bro1110- l#"p1opyl l1rurnid1•) 1 !i~ !Jj 

Propane, 'l-hruu10- (.,.·r-prupyl hrumi1I.,) »?O-l >l!O'! 
Propnuc, l-Lru1uu-'.?-111l'lhyl- (1sohutyl bromide) >Ill.) > 111,; 
Prop:u1e, 1!-liromo-2-meth) 1-lt• rl-Lutyl hronuJ<') >llill >188 
Propane, 1,2-JiLroruo· 0.1 18 
Propane, 1,S-dibruwo-1 <j.I 5.5 
Propane, l,'.!-<libro1110-l!-mrthyl- (isoLutylcue 

>171> bromide) . _ >171> 
Butane, l-Lromo-'.!-111dhyl- ( 1iri-orl-a11~ I hrn111i1k·) >lH!I >11'!1 
Butane, J-hromo-:1-mcthyl- (is11a111yl liro111i1l1·) >187 > 1!17 
Butanr, I -liromo-'!-ethyl- >17:1 > 17:1 
Butane, 2-hrorno· (•·rc-11111.' I hromi1l1·) >llll > J!IJ 
Jlutauc, 2-l>ro11111-\!-111ctl1) ). (I-amyl l.rumiJr) >l~:I > 111:1 
Butane, l,'.!-1ltl1ro1110· 5.5 K.7 
JJutane, l,:J-<liloru1110· >HH >Hll 
Butanr, l,l-dilor111110- 40 >ll't! 
lluta11e, 2,3-dltiromo- >170 >170 
l'eutane, l-l1ro111n- (11-nn1yl hrorni1le) Sii Ill 
Peutauc, '.!-lirnmo· (.cc-a111) I loro111idc) >Hi·! > lfr~ 

l,cut.nnr, J,'2-tlibro1110- >170 >170 
Pcntanc, 1,4-ililtro1110- >W~ >tti~ 
l'entnue, 1,5-1! il.ro1110- :J.i >171 
l'cntanr, 2, 1-d iL1111110· >150 >1.'i6 
1Ic,m1<', l-l1ro1110- (n-hr,yl lirr1rniclr) >11!> >I Ill 
l1,·,an1., 1-l.romv-\!-ctlt~ I· >W1 >107 
li<·\ar .... l-Lr111110-3,.'i,.'i-tri111l'lhyl- > Jllj ~10.'i 

) lt•)..:rnt·, 2,.'i-1lihruwo- >I.ill >l."10 
llepluuf, l-L1u111u· (11-hepl,\'l Lromid .. ) Hi >tlli 

11<-pl:ull', '.! Lronw· ( 'rr-l11·ph I hrorni1l1·) >11!1 >U!I 
Oct:uw, 1-lirorno- (11-01 l;I hro111id1·J J:J 'll 
(J<. tanc-, '2-Lr111110- (.11rf'-oc. t~ 1 bromiclt·) >111 >111 
Nonnfl<', l-11ru1110- (11-t1n11~ 1 hromidc.') > l Jtl > 1111 
lkrn111., I -Lr1o1110- (11-dl't·yl 1.ro111idr) >10!.I >111!1 
I ln<lt·rnn~. 1-liroutu· (n..JuJl-<:)'l hro111itl1•) >lllfl >100 
Tctrtul~•·auc, bromo- >117 >117 
Ucxad~e:u1c, Lromo- >D6 >!Iii 

• r.tort.ahty at ill huuro. 

l/11/,.'.Jrifllln/ • lli11l1111i .. /l!Jdr•"'"' '"'"·'· U 11.mtarulul 
l'1u1tt·n•-. 1 l1r1111111-
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II 
_-.1:111 
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lSi !JR 
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0,j 1.8 
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>Ill >Ill 
>I In >llO 
>to!l >109 
>JOO >100 

>D7 >97 
>9G >N 

>BO >I-Ml 
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7..~ u 
:;.1:111 >lh 
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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) in 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 abil~ty 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. Simultaneous 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 afi 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 brominated 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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Table .t'f. Toxicity of various 
phylloxcra nymphs." 
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. Figures 6 & 7 reprinte. 
with permission from 
Anrr. Appl. Biol. 49:37 
377 (1961). Copyright 
t~e Association for 
Applied Biologists. 

Lindgren and Vincent (1962) studied the effect of moir~ture content of 

various corrunodities on mortality of Tribolium confusum and S:Ltophilus 

oryzae from application of a fixed dose of methyl bromide. The results 



Table 30.·Effect of temperature ort the toxicity of 1,3· 
dibromopropane to grape phylloxera nymphs. (4 hours' ex­
posure without soil.) 
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Table JI. Toxicity of various bromopropanes to grape 
phylloxera nymphs." 

1. '1-1 >1brorno 
l-llromo-
1,'l-l>1l1romo-
l ,'l-l>1liromo-:\ 1·hloro-

El 1,,1 1·~ tt. k7 (, 
l>in ...,n11, 
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•!fl 1 (' 
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lQ~.:I 
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c ~lf!nifwant ddTerrnce'i heh\ cen meal''\ nt the 1 % le\ d nre mrlirated wlieo 

('ompnrcd \:tlne..; ha\e no letlN« rn rommon. J)un,·:rn'9 !\lultiple R:inge Test 
(l!l.i,"J). 

Table :U. -Effect of soil temperature on the toxicity of 1,3-
dibromopropane to grape phylloxera nymphs.• 
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(l!l.'j ';). 

Table 33, -Effect of soil moisture on the toxicity of 1,3-
dibromopropane to grape phylloxera nymphs. (8 hours' ex­
posure, 7u, F.) 
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b lOU ~. i,oil 
c llltl •.! g ... oil. 
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tv.c~n m~,tn'I .-t the 1 ~~1 le"t"l 

Tables 29-33 reprinted with permission from J. Econ. Entomol. 55:203-
11 (1962). Copyright by the Entomological Society of America. 



are in Table 34. Regardless of conunodity 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 tmabsorbed by the conunodi ty for four hours; corresponding values 

for S. oryzae were: CT over 31, and CL-50 over 2.5 hours . 

.Moje (1963) tested CH3(CH2)nCH2Br, n = 2-9, against citrus nematode 

larvae. He found that toxicity increased by a factor of 2. ·~5 for each 

additional CH2 group. Cyclohexyl and cyclopentyl bromides were less toxic 

than the n = 2 compound. 

Harein and Soles (1964) tested crotyl bromide (86% l-b~omo-2-butene, 

14% 3-brorno-1-butene) and 1,2,3-tribromopropene against the adults of 

Tribolium confusum, Oryzaephilus surinamensis, Lasioderrna 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. 
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Reprinted with permission from J. Econ. 
Entomo 1. 55:674-78 (1962). Copyright by 
the Entomological Society of America. 
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Reprinted with permission from J. Econ. 
Entomol. 57:369-70 (1964). Copyright by 
the Entomological Society of America. 

Ta_ble 15'. :T?xicity of 2 che_micals ~o 4 species of stored-product insects fumigated 24 hours at so0 ±4° F. and at a 
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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 toxicoJogy. Refer-

enc es to delayed germination of seeds, and fruit damage were omitted. 

Table 36. Plants and Fungi Known to be Susceptible to 

Bromohydrocarbons 

Alternaria solani; NeBr; 17879 (1959) 

Armillaria mellea (citrus root rot); MeBr; 15637 (1969) 

Aspergillus parasiticus; MeBr; 14731 (1970) 

Botrytis cinerea (soil fungus); HeBr; 12252 (1953) 

Ceratostomella fimbriata (sweet potato black rot); EtBr2 ; 1073.4 (1955) 

Chenopodium album (fat hen); MeBr; 10782 (1954) 

Colletotrichum atramentarium (soil fungus); EtBr2 ; 13492 (1952) 

Corticium solani (soil fungus); EtBr2; 13492 (1952) 

Cylindrocladium scoparium (pine root-rot); MeBr; 11093 (1971) 

Cyperus compressus (annual sedge); MeBr; 11420 (1962) 
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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); NeBr; 14334 (1968) 

Fusarium lini (soil fungus); EtBr2; 13492 (1952) 

Fusarium oxysporum var. auriantiacum (soil fungus); EtBr2 ; 13492 (1952) 

Fusarium oxysporum f. niveum (soil ft.mgus); MeBr; 17785 (1954) 

Fusarium vasinfectum (cotton wilt); EtBr2 ; 10734 (1955) 

Gallium aparine (goose grass); MeBr; 11420 (1962) 

Gallium asprellum (rough bed straw); HeBr; 11420 (1962) 

Hemileia vastatrix; MeBr; 11094 (1971) 

Lepidium sativum; MeBr; 14885 (1969) 

Lepidium virginicum (Virginia peppercress); ~1eBr; 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 latifolia; MeBr; 14722 (1964) 

Panicum repens (torpedograss); MeBr; 12562 (1963) 

Penicillium rubrum; HeBr; 14 731 (1970) 

Phytophthora cactorum (soil fungus); EtBr2; 13492 (1952) 

Phytophthora cinnamomi (soil fungus); MeBr; 12252 (1953) 



Phytophthora citrophthora (soil ftmgus); MeBr; 12252 (1953) 

Phytophthora cryptogea (soil fungus); EtBr2 ; 13492 (1952) 

Phytophthora fragariae (strawberry red stele disease); MeBr; 13017 (1957) 

Phytophthora parasitica var. nicotianae (tobacco black shank); 1'1eBr; 

12879 (1956) 

Plasmodiophora brassicae (cabbage clubroot) ; :MeBr; 1345 7 (1960) 

Polygonum aviculare (wireweed); MeBr; 10782 (1954) 

Poria hypolaleritia (tea root-rot); EtBr2 ; 11092 (1969) 

Pythium ultimurn (soil fungus); EtBr2 ; 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); EtBr2 ; 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) 



Verticillium albo-atrum (soil ftmgus); EtBr2; 13492 (1952) 

Verticillium dahliae (soil fungus); EtBr2; 13492 (1952) 

Waitea circinata (pine root-rot); EtBr 2; 17850 (1971) 

Beans (plants); 1,4-dibromo-2-butene, 1, 4-dibromo--2-butync; 11426 ( 195 7) 

Beets (seeds); EtBrz; 10749 (1955) 

Broccoli (seeds); EtBrz; 10749 (1955) 

Carnation; MeBr, EtBr2 ; 12931 (1953) 

Carrots (seeds); EtBr2 ; 10749 (1955) 

Celery (seeds); EtBr2; 10749 (1955) 

Clover (seeds); EtBr2; 10749 (1955) 

Corn (seeds); EtBr2; 10749 (1955) 

Cucumbers (plants); 1.4-dibromo-2-butene, 1,4-dibromo-2-butyne; 11426 (1957) 

Eggplant (seeds); EtBr2 ; 10749 (1955) 

Gladiolus; NeBr; 10738 (1955) 

Groundnut; NeBr; 10701 (1955) 

Lettuce (seeds); EtBr2; 10749 (1955) 

Lime; MeBr; 10762 (1954) 

Maize (plants); 1,4-dibromo-2-butene, 1,4-dibromo-2-butyne; 11426 (1957) 

Horning glory (plants); 1, 4-dibromo-2-butene, 1,4-dib:-omo-2-butyne; 11426 ( 1':15 7) 

Mushroom; MeBr; 17838 (1966) 

Mustard (seeds); EtBr2; 10749 (1955) 

Narcissus; MeBr; 14236 (1965) 

Nutgrass; MeBr; 10727 (1955) 

Oats (seeds); EtBr2; 10749 (1955) 

Oats and wild oats (plants; 1,4-dibromo-2-butene, 1,4-dibromo-2-butyne; 

11426 (195 7 



Onion (seeds); EtBr2 ; 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; ~-1426 ( 195 7) 

Rutabaga (seeds); EtBr2; 10749 (1955) 

Rye (seeds); EtBr2; 10749 (1955) 

Rye (plants); 1, 4-dibromo-2-butene, 1,4-dibromo-2-butyne; 11426 (195 7) 

Spinach (seeds); EtBr2; 10749 (1955) 

Tobacco (seeds); MeBr; 16482 (195 7) 

Tomato (seeds); EtBr2; 10749 (1955) 

Turnip (seeds); EtBr2; 10749 (1955) 

Cobb (1956) reported that susceptibility of seeds to methyl bromide 

generally increased with moisture content; temperature c>nd exposure time 

:ere 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 dr from 

soil 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 1.5% in 

carrots or lima beans, respectively, were not deleterious to growth. 

Whitney et al (1958) studied the toxic effect of fmnigation with 

methyl bromide on barley, corn, grain sorghum, oats, and wneat 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/ \heat. 

\'.:? 



Viel and Giban (1958) found that an application of 200 g/m2 of ethylene 

bromide 1 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 8-18% 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. 

Pttuntagc geim11111/1011 capacity (111ea11s of 400 seeds le<lcd on cacli occasion) of fimiigated, sfoYed cereals 

Dosage of methyl bronmlc in mg.h./I. 

Cerl'als !Hoisturc Controls (Concentiation x time 1~1~i_c!uct) 
contl'nl, (unfum1gatcd seed) ~-- 1200 

% Storage for _ St<.'.:'~gc fo_r _ Storage for 
3 years o years 3 years o years 3 years o years 

W~at (l'eko) 8 93·0 91 ·3 92·0 93·3 93·0 88·8 
ll 89·5 87·0 94·5 93·0 ,85·0 90•0 
14 88·5 90•5 24·3 25·0 25·5 20·8 
18 31·8 14"5 6·8 0 l·O 0 

Wheat {Alic} 8 95"0 93"0 93·0 92:5 96·0 92•0 
II 91·8 85·0 92·0 88·5 63·5 58·0 
14 92·8 88·3 40·5 35'8 .p·8 30·5 
18 87·0 0 0·3 0 3·5 0 

Oa.t'S {Star) 8 36·5 85·0 8s-8 80·0 82·0 76·0 
JI 84·5 82·0 82·5 77·0 69·3 69·0 
14 82·5 65·0 6o·3 46·8 36·5 23•3 
18 0·5 0 7'3 0 1•3 0 

Oats (lllenda) 8 98·0 96·8 98·5 96·5 96·3 97·o 
II 99·3 97·8 94·5 94·5 97·5 93·0 

!a 96·0 96·0 89·0 86·0 75·5 55·3 
48·8 7·8 3·0 0 l •8 0 

Buley (Procter) 8 96·5 95•3 97·3 97'':J 97·3 95•3 
JI 96·5 94·0 95·8 94·0 96·3 92·0 
14 95·0 93·8 81·5 81·3 81 ·8 85·0 
18 0 0 52·8 17·8 0 0 

Buley (Herta) 8 97·5 93·5 99•0 93·8 98·3 94·5 
II 99·3 96·5 99·3 92·0 81·3 83·8 
14 95•5 84·7 75•5 67·8 75·3 7o·3 
18 4·3 0 0 0 0 0 

R.ye (Winter) 8 91·8 28·0 98•3 27·8 97·3 35·7 
JI 99·0 27·5 93•0 13·5 72·3 9·3 
14 69·5 4·3 39•0 o·8 44·8 0 
18 23·3 0 23·8 0 23•5 0 

11aize (Wz68) 8 94·8 96·5 96·8 
JI 94·0 65·5 --48·0 -
14 73•0 32·3 2·7 
18 0 0 0 

353 



Wilson and Norris ( 1966) applied ethylene dibromide to a soil each 

year for nine years at 11 ml/m2 • Average crop yields for the last three 

years as a percentage of the yields from an untreated soil w~re: onions -

64, potatoes - 44, carrots - 102, celery - 106, beets - 83, lettuce - 79, 

radish - 113, and spinach - 92. The reduced yields of onions arrd potatoes 

resulted from poorly growing plants, not smaller sized "fruit". 

E. Microorganisms 

Table 38 is a listing of microorganisms reported in the ~iterature to 

have shown some susceptibility to bromohydrocarbons. 

Tab le 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, 1,4-dibrorno-2-butene; 

12951 (1952) 

Escherichia coli; MeBr; 13118 (1966) 

Fanleaf-yellow Mosaic Virus; MeBr; 15506 (1971) 

Pseudomonas angulata (Angular spot); EtBr2; 10747 (1954) 

Pseudomonas tabaci (Wildfire); EtBr2; 10747 (1954) 

Pseudornonas tomato; MeBr; 17785 (1954) 

Rhizobium trifolii; MeBr; 17785 (1954) 

Salmonella paratyphosus A, B; MeBr; 12939 (1952) 
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Salmonella typhosus; MeBr; 12939 (1952) 

Shigella dysenteriae; MeBr; 12939 (1952) 

Staphylococcus aureus; MeBr; 13118 (1966) 

Tobacco Mosaic Virus; MeBr; 11299 (1962) 

Vibrio cholerae; MeBr; 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 saire food was found. When a food has been 

treated with both, the higher tolerance is used. 

Food 

Alfalfa hay 

Apples 

Apricots 

Asparagus 

Avocados 

Barley 

Beans 

Beans, green 

Table 39. Allowed Bromide Residues in Foods 

Treated with Bromohydrocarbons 

Methyl Bromide 

Tolerance& 

50 

5 

20 

100 

75 

50 

50 

50 

Ethylene Dibromide 

Toleranceg 

10 

50, a 



Beans, lima 50 5 

Beans, snap 50 

Beets 30 

Broccoli 75 25 

Cabbage 50 

Cantaloupe 20 

Carrots 30 75 

Cauliflower 10 25 

Cereal grain, 

milled fractions 125 125 

Cheese, 

parrnesan 325 325 

roquefort 325 325 

Cherries 20 25' b 

Cipollini bulbs 50 

Citrus citron 30 

Cocoa beans 50 

Copra 100 

Corn 50 50, a 

Corn, forage 50 

Cottonseed 200 25 

Cucumbers 30 30 

Dog food 400 

Dried apples 30 

apricots 30 

J56 



Dried dates 100 

eggs c c 

figs 150 

peaches 30 

pears 30 

Eggplant 20 50 60 

Garlic 50 

Grain sorghum 

(milo) 50 50, a 

Grapefruit 30 

Grapes 20 

Hay, timothy 50 

Horseradish 30 

Jerusalem 

artichokes 30 

Kumquats 30 

Lemons 30 30 

Lettuce 

Lines 30 

Litchi fruit 10 

Mangoes 20 

Melons 75 

Melons, honeydew 20 

musk 20 40 

water 20 
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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 

Pi~ntos 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 



Processed grains 

for fermented 

malt beverages e e 

Processed herbs 

and spices c c 

Prunes 20 

Pumpkins 20 

Quince 5 

Radishes 30 

Raisins 50 

Rice so 50, a 

Rutabagas 30 

Rye so SO, a 

Salsify roots 30 

Soybeans 200 

Squash, 

summer 30 so 

winter 20 

zucchini 20 

Strawberries 30 5 25 

Sugar-beets 30 

Tangelos 30 

Tangerines 30 

Tomatoes 20 so 40 

Turnips 30 
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Wheat 50 50, a 

Yams 30 

a - no limit on organic bromide 

b - total of organic and inorganic bromides 

c - 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 llllless otherwise indicated 

XII. STANDARDS 

No information was found. 
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EDTA 

SUMMARY AND CONCLUSION AS TO DEGREE OF HAZARD 

EDTA and its various Na, Ca, and other metal salts is being 

produced in fairly large quantities. The major uses de not degrade 

the organic portion of the compound and would appear to be ultimately 

resultant in its release to the environment. Ordinary sewage treatment 

does not degrade EDTA. Soil does not appear to retain EDTA, but can be 

"weathered" by it and also be subjected to minerals exchange. 

There appears to be little danger to humans and domestic animals 

from oral ingestion because of the very low absorption from the 

gastrointestinal tract; only chickens show ability to absorb and 

metabolize EDTA. Plants readily abosrb EDTA into their roots, differ 

widely in ability to transport it, and show ability to metabolize it. 

Plants also vary widely in tolerance to the EDTA which they have absorbed. 

Lnsufficient information is available on toxicity to aqu~tic (including 

marine) life to arrive at any conclusion about the hazard of EDTA to 

these segments of the biosphere. 

I 



EDTA 

I. PHYSICAL PROPERTIES 

Wendlandt (1960) ran differential thermal and thermogravimetric 

analyses on EDTA and two of its common salts, Na2EDTA and Na2CaEDTA, as 

obtained from various American suppliers. The results of his (values 

in this type of analysis are somewhat dependent upon the instrument and 

operational technique employed) DTA studies are given in Table 1. EDTA 

is seen to decompose at 250 or 265°, Na2EDTA at 230-294°, and Na;:iCaEDTA 

at 337-403°. In Table II are his TGA results, which indicate the manu­

facturer may over or underdry the hydrated salts. Wendlandt thought he 

had demonstrated the possibility that the calcium salt was a mixture of 

1- and 3-hydrates, rather than the 2-3·H20 previously suspected. 

Bhat and Iyer (1967) ran TGA's on the following EDTA's: 

BaH2·4HzO, BiH"HzO, CaH2·2H20, CoH2·3H20, CuH2·H20, DyH·2H2o, NiH2 ·H20, and 

SbH. All of these decomposed before melting except Bi (292°), Cu (238°), 

and Sb (290°), the latter three decomposing just over their mp's. The 

Bi water of hydration was not liberated until after decomposition had 

set in, indicative of its being bound to the metal atom. The order of 

thermal stability found was Dy > Sb > Bi > Ni > Cu > Co > Ca, Ba; this 

order did not correlate with the stability constants or heats of forma­

tion in solucion. 

Koechel and Frank (1966) reported that: EDTA was soluble in 

alkalis, ethanol, ethyl ether, and chloroform, slightly soluble in water, 

and very slightly soluble in most other organics; Na2EDTA was soluble in 

water to about one part in eleven (and gave a pH of 4.5 as a 0.1 M 

aqueous solution), but just barely soluble in organics; Na2CaEDTA was 



soluble in water on a one to one basis (and gave a pH of 7 .5 as a 

0.1 H aqueous solution). The sodium salts of EDTA exhibit the order 

of solubility in water: tetra> tri > di > mono. The dissociation 

constants of the four protons are: 1.0X10-2 , 0.2 Y 10-2 , 6.3 X 10-7 , 

5.0 X 10-11 , indicating that EDTA is a stronger acid than acetic. 

Nomenclature of the EDTA 1 s is complex, the term EDTA itself being 

indiscriminately applied to the tetra (-C02H) and di(-C02H)-di (.-C02Na) 

forms. Presented below is a collection of names compiled by the 

Chemical Abstracts Service of the American Chemical Society and pub-

lished in Desktop Analysis Tool for the Common Data Base (1968) . 

Table I. Results of Thermal Analysis of EDTA and Its Derivatives 

(Minimum thermogravimetric decomposition tcmpl'raturrs) 

Compound 

EDT.\ (.1. T. lt:1ker) 
l::llT \ 1 :-'., q11t -lrerlf' :\:\) 
::\a,LDT.\. :!II,<) (~e11uestn:ne N'a2) 

X.1,ElfL\ :?II.O (E:1stman) 

XaJ·:DT.\.:211,0 (J. T. HakPr} 

X:d:I>T.\. :21!.0 (J. T. Baker) 13° 
C. pl'r nu11.) 

::\ a/'al:l lT.\. 2-:nr,u (Seq11estrc11c 
::\ a:2L'a) 

::\a,C::iEDT.\. 2-311,0 (Seqll<'&trcnc 
::\a2Ca) (3° C. P•'r min.) 

Temp., 
Trnnsilion ° C. 

EDTA - decompo-ition 2!i0 
EDTA _,. decompuo-tl ion 205 
t\:i,EDT.\.:2H_ll -• ::\:i,EDTA 12;:, 
J\a.Jo:DTA -• :\a_CO, '..'!II 
l\a):DTA :.!ll_!J ~ :\a,EDTA 11~ 
N :i,EDTA - :\ :t,C:o, 23(', 
Na,El>TA.211,(J -• ;..;a,CDTA lW 
Na,EDTA _,. '\:1/.'0, 2;,;, 
1\:1,EDT:\ :.!!!.< > -• ::\n~EDTA 10~, 
1\':i,l·:DTA - ;\'a,(\J, 230 
l\a.CuEDT.\ 1 ll I) - 3i' 

Ka.C:iEPTA.:;i! U 
Na,c;1EDTA.:nu»-· s~. 

Na,CaEVT.\ 
Nn,CnEDTA - .:\a,COs + a:1;· 

Ca CO, 
l\a.CaEDTA rlI.o - ·l!i 

~n{'aEIJT,\ .:\![.() 
Na.c;.EIHA :Ill I)·-- l\3 

!i;:i.CaEJlT.\ 1·11 0 
Nu,c:1EllT.\. 1 H.o· _.,. l'.!:l 

Xn,CaLD1'/\ 

Endotlwrm l'cak :\fa •mnu 

EDTA (J. T. Baker) 
EDTA (Seq111.•:;trenc AA) 
l\a,EDTA. 2H,O (J. T. Baker) 

Xa,EDTA.21!,0 (Eastman) 

Xa,EDTA.21!,0 (Sequeslrelle Na2) 

Xa,CaEDTA. 2-3ll,O (Sequestrenc 
Na2Ca) 

J.:llTA _., <.!1·comp ,,jti<>n 
EIJTA - ,;(·('l•llll''•cll11111 
.'.\':1.EDT.\ 21!.(J - :\'a.ElJ'L\ 
Na;1·:JYL\ - l.I<•(( mpo,ition 
Xa,EllT\.:211.0 -• \a,UlT . .\ 
l\aJ·:IJ'l'.\ - 1:1·1·<•m;><1,iti1111 
X:i,EflTA 2H:O _..., :\,1,LDT.\ 
:\'aJ·:Ifl'A _,. m·•''Hnpn>ition 
l\a .. Cal-:ll'f.\ JH(•-

Xa .. CaEIH.\ :\J J ,() 
::\a.c;,r;1iT.\ :;ll.1>·­

X::i-Cal-:l!T.\ l!I.u 
N11,C;1El>T.\ 111_0 -

l\:i,CaY.:llT.\ 
NaCuElJ'J':\ - t.11 r•Hnpositiou 

1\)1) 



Tobie II. Weight loss Data for EDTA 
and Its Derivatives 

Cornpomid 
N:d':DTA·'21f,O 

(J. T. Baker) 

i\':1,EVT.\ ·'211.,0 
(l'::i,tm:rn) 

N:i:El )'f:\·'.?11,0 
I :-O:!'<illl'ctr .. nc 
0.'a:!) 

Na_C'.,LDTA · 
2-:\l lA) 
(::-; .. , 111 .. ,drl'CH' 
~a'.2('a) 

____ W_all'r,% 

E~p.,rimental 

10 fl 
10 :! 
G.7 

10 1 
10 l 
WO 

\) :1 
~ t I) 

7:.! (rC'~id11al 
wal•·r) 

1 ~ ': ~ 
I kl 

Theo­
rct ir:i I 

9 GS 

9 68 

9.G8 

11 ',' (:l-hy- l '.Ui~ 
dr:itc) 

11 f; 
J2 fi 

-1. :H ( 1-hy- ·1 fi'.l 
d•.dl') 

.j '.''.) 

& . IJ:> 

Table IIa. Synonyms for EDTA and its Salts 
N zr:l ul l tJ IJ 1 t • t1lJ,i 

f,.-.·tic .1cld, (l'!h•1l··ncdlnltrilo)t<'tra-, tetrasodium salt 
Aqunmoll1n MIRCK 
Ca I ,0 l r·TRCr. 
c .. 1 "" r: 1 r·cM1 •J 
C 1· I on fl If t l'\T N 
c .. 1011 1~; 1rc11PJ 
n .... , I ox ill' 

lh·elox !'R-:3:.J 
i'ERCK Cnn.p l e...::onc 

Cc r•iaon BC 
O!·itol 8 
Dis to l 

I rco.:r N 
MERCK 

Edathanl\ tctra~odlum ADI 
EDTA, sodium salt CARf 
EOTA tctrasadiuw salt MERCK,IECMTN 
Endrate tctra~ndlum MERCK 
E:thylcnebi8[ 111d"0Ji11cctic <\cid) tetrasodium salt MERCK 
N,ll'-EthylcnrdLH"in•'diacetic acid tctrasodicm salt IF.CMTN 
EthyienrdiRmi~ntctraacetic acid, tetrasodium salt ADI,ME~CK,CfR 

(l:tlty\.,nc>dl11i tri lo)tetraacet ic acid tetrasodium salt MERCK 
lrgalon MERCK 
Knlc>x IECMTN,MfRCK 
Komplrxon MlqCK 
Metaquest C JE:Ci'\TN 
~crvannid B MERCK 
rlu I lapo11 MERCK 
Nul\apon BF-12 IfCMTN 
Nnllapon ur-'le lf.CMTN 
Nullapon BfC Co"c IECMTN 
lfollapon m·c Cone Beads IECt'lTN 
Nullapon llfC liquid IECMT~ 

Pcrma Klect 50 crystals ICCMTN 
Qu~stex MERCK . 
Qucotrx 
Sequeslrene MERCK 
Sequestrene :JOA IECMTN 
.Scquf~ st 1·t:.nc 
Sodium ed.,tatc USl\N 
Sodium !"{l"{I\ 

!Yodium <'thvlc·n"dL,1roin(•tC"'trna<:Pt<Jtc 
Sc1d1urn ~·thi/lf·n~('i mirwt,..tr.1i11·,·tlc crJd 
~OdilJT:l 'Jr,\\ of 1'\lo/\tlll'dl•"lntfOPt,·\rtlil(,~\i1"': l\Cld 
!,v 11 t 1· •1 I ,' t1 MI f 1 ( ~ 

Tdbles I and II reprinted with µerrnission 
from Ana 1 . Chem. , 12: H48-50 ( 1960). 
CopyrTghCby American Chemical Society. 



Tctr~cc1nln ~:!:Rrt~ 

Tc\r,1sodiu11• l:DTA !['CMTrJ 
TPtrasodium etl"1J.,nedlamlne!r!!rc1<tc<·!ate IECHTN,CfR,USl\tl 
Tt-trd·J0d1um <·th~1len,·diaMinctrtracct<JtP 

Tctra,;Ddlum (c\hylenedinitri lo)\('\raacc!t1tc USAN 
Tetras0olwn '1alt l:ll\/\ ll:ltnt< 
Tctr.19odiu111 Sdlt of U>TI\ If'CMflJ 
Tetrasodium Sd\I or rthylcn~dtdmlnclrtrncctlc acid ICCHTN,UDB 
Tetri ne MfHCK,U:CMTN 
Tri !on D MUlCK, Jf'.CMTN 
rsr 
Tyclar030\ MCt:<K 
Verse111:_ .. 67 ICCMTN 
Versene 100 lfCMTN 
U<ers0nc llf PCK 
Vcrsene D(>dds 
Versene f[ :1 
Versf'n( .. P<J'..,ider 
Wctrkl cl dtP :J-'t2 
W<>rkcf'\diC P~-42 

\.!a 1· f; ~ e 1 <:t le P S·-4 '3 
W,irk<>c\ ct\ e PS-1,7 

H:CMTN 
P. OT 

lf:CMTN 
1 r:c:: r N 

t1 2 D0 C 10 H1 6 

I ECl1T N 
l l:CMTN 
I LCMT N 

Acetic acid, (1·thyl•'nPrllrdtrllo)tetr11-
C"1on A !l:CMHI 
Crlon ~.TH ll'CMTN 
Coo•pl •'xon I I 
:1 ,r.-!J( c1z ... ict ~11<-d lol c 11cl d, 3,6-bl3( carboxymethyl )-
fdd\hnml l ICCMfN 
!.I•!' I IC f,D[ 

i'lC Id 
cnr 
IEC~1TN 

INN, UHi-A Cd et I c 
CDTA 
Erl fA 
I:Dl A 11cl d l ECMTll 
Cndrate 
Ett.yl enc· di ~m1 n<'t etraacd .1t e IEC/1TN 
F:tt.yl<'n•'·ii11r.·i1 .. 'tetr"ac<'t le 11cld CFR, ICCMTN 
E t h !I I •' n <' d 1 .i 1:i I n <'- IJ , fJ , N 1 , :°JI - t" t r 11 a cc t i c a c i d 
(CthyJ.-n.-,1inttri lo)tctraacet le acid 
l1•tequcst A IECMTN 
Nervan;,ld h add IECMTtl 
Nullapon R acid lECMTIJ 
Nu!lapon !:IF acid l[C11H 
Perma Klcer ~O acid l[CMTN 
Sequestrcne AA ICCl1TN 
Sequestr!c acid l[CMTN 
Sequestro I IECMTN 
Tetrlnc Acid 
Trllon n, Trllon BW 
TrllonBW 
Versene 
Uerscne acid 
Warkeelatc Acid 

N20 8 C10 H16 .3~Ja 

I EC MTN 
IECMTN 

Acetic acid, (cthylcnedlnltrllo)tetra-, trisodium s11lt 
EDTA trisodium salt IECMTN 
Cthylenedlamlneac<'tlc acid trisodium salt MERCK 
Perm~ Klcer 50, trisodium salt IECMTN 
Sequestrene trisodium 
Sequcstrene trisodium salt MERCK 
Trllon AO IEChTN 
Trisodium cdetnte USAN 
Trisodium EDTA IECMTN 
Trl5odlum hydrogen cthylenedlamlnetetraacetate USAN 
Trisodium h~droJen (ethylencdlnitrllo)tetraacetate USAN 
Trisodium v~r9cnnte CARf 
Vcrs<'ne 9 ICCMTN,MF:RCK 



N.,o.c, 0 H16 .2Na 
/\~ctic acid, (f'thylcnedlnltri!o)tetra-, dlsodlum s<1lt 
Complexon III IECMTN 
D !sod lum d1,,c Id cthy 1,'n"d ianl netetraacctate 
!J{sod{Url di il~drogcn Pthylen<'dinmin<'tctraacetate rec 
Oi9adium cd .. -.tntc U!3/\N, tJSP,USP-f\ 
Diqodium CnTA ICCMTN,fCC,Cf"R,MnE,ADT 
l1is0,fium eth~lrncdi"··1i1J<t<'lrJacctate fCC,USP,VDB,CfR 
l!f:;odlurn ct/"'1'·1\l'<Jiamln»tetreucctic Jcld MOE 
!Ji sodium (<'tt,,•J, ned1nitri lo)lc'lra<lcetatP llSP 
!) I 3 o d i u 111 ( <' I h v I en,. d 1 t• I \ r 1 I o) I<' tr'""' et I c a c i d 
fll'lodium o,,Jt e>f Ll•ll\ IECMTN 
01 sodlu1,1 3<'qu .. ~tr<'ne Cl\liF 
Pf·indiur-i V<""r~~'nC' 

f d ,, th .im i I rl i '1ad1 u 'Tl 

[clct.itc Dtoodlu1.• 
!'OTA 
E.llfl\, dt~od[llm '"'It 

ADI, Cl\RF 
AO! 

fDTA dl~~od111n1 CAh'f 

f n d r ii t ,. d i ·• "d 1 ll'n M 1it: , /1 ll I , C /\Rf 
f thy\f·n~·d\r'"1\n.• 1 1·trc1.1C\'"t~tf', di~o,1ium ~111t CAHr 
l'tl<;1l•""d111•d\\. t.·t1·,.<1c•·t1c il"-lct, dl-iodlum ""It ADI 
M•'t.1,lu· •t B lll'~1ltJ 

f'('l'O·d r 1 .. -r :•ti cr~·i!dl'.. df~<>dium salt J[C'MTN 
~1t•qut••,tr1'IH' ·iL1diu1,1 .! UD 
1rlpl<'x Ill Il'C:HN 

11,0 0 C 1 0 H1 •.?Ill',."'.>/.., 
t'lc<'llc ,...;,1, (cthylcnl'<llnltrllo)tetra-, dlsodlum salt, dlhydr<1te 
Di soJ I un di t.ydrog''" ,,th>< l<.>nedl "mlnctctr..,acet<1tc di hydr11te FCC 

Ulsod111m llli/\ .-lih><:l:·.1te 1CCM1'N 
Dhodluu <-t!", l<'11··11."11!11.tct1·dJCetote dlh><Jrate fCC,IF.CMTN 
f:DTI\ Ji"'''J"'" c:,?•y,fr-tl» C!\Pf 
~iCqllPStrent tJ'\2 ll:'C~TN 

N2 0.,CoC 10 11 1 "'Ca 
11,.,tfc .:ic1J, (ctJ.>d•n''dlnitrilo)tetra-, calcium solt (1:1) 
Calcillrl \.·~r!.l1"'l1d\C (/\HF 
EDTf1 Cidc1"" salt CMH' 

N 2 0 8 <' 1 0 11 1 ,, •• '\" 

Accttc <Cid, (cthylenP<llnitrilo)letra-, dicalclum salt 
C<1--f:DTA 
C.llcl UP> rt> TA 
c .. lclum cthyl<'ncdlarnine tetraacetate 
Cdlclum tetrdccmln 
Dlc11lciu•n rDTA 
f.DTA, c.,Jclum salt 

N 20 0 CaC 10 H 1 ~·2Na 

c /\ llf 

Cl\ Rf 

Acetic acid, (cth><lencdinitrilo)tetra-, calcium di sodium s<1Jt 
C<1lclatc(2-), [(ethylcnedinltrolo)tetraacctato)-, dlsodlum 
Calcium EDTA 
Calcium ethy\Pnediamlnctetra<1cetate 
DI-sodium calcium COTA 
Edathemil calcium disodium UD 

N 2 0 ft c ~ c l 0 fl I •• 2 tJ d 

Antal in tif.RCK 
C<11ciate(2-), [(cthylt·Pedlnltrllo)tetr<1acetato)-, dlsodlum 
Calciu~ di"odium edctate USP,CTCP 
Calcium disodium ethylcn~dianinctPtraacct<1tc USP 
Calcium digodium (ctnylcnedinitrllo)tctraacetate MERCK,USP,CTCP,rCC 
Calcium Di><odium Vcr9enRte MEHCK 
Edethamil calcium dl90dium MERCK 
Ett,lllcnedl aminetetraacc·t le acid, calcium dlsodlum chelate MERCK 
Hos<1t I I MERCK 

~2 OaC 10 H 16 • 20H z• C 11. 2Na 
Calcium di3odlum edet<1tc dihydrate rec 
Calcium disodlum EDT/\ rllhydrate fCC 
Calcium di~odlu~ ethylrncdlamlnetLtraacetate dlhydrfttc rec 
Calcium di~odiu<n (eth!flenedinltrllo)tr-trancetote rtlhydr<1te rec 
Sodium [(•·lh!flenedlnitrilo)tetr~'-'cd11t<·)c<1lcl<1tc, t1.1z[Ci1(C 10 H12 PJ

2
!1

0
)J 

, dlhydratr 

JTI 



Nz0 8 CnC 10 H14 .2Na.xOH 2 
Antallln CDF 
Calclat.-(2-), [(<-thylencdlnltrilo)tetraacetato]-, 
Calcium di.odium edetal~ USAN,USAN-A 
Calcium dlsodium (ethyl•nedlnitrllo)tetraacetate 
Calcium dlsodlum V<'rscnate USAN 
r.dathamil USAN 

N~0 0 C 10 11 1 0 .2tl.1.?n 

Dl~oJl11m ;i11c f(l1,\ rrr.MTN 
Scquc~ t rt:~nc Nt'\?ZN I r:Cili \I 
Sodium zi11c <'lhyl<•nr·dl3o•ir11:~tetr".ic<'I ic acid 

d Is od I um, hydrate 

USAN 

Zlncatc(?-) 1 [ (.·thyl•·llcdlnitri lc>)tctra.icctato]-, dl~odium 

N 2 0 8C 10 H 16 .~f,. 
Acetic flcid, (<'thyl<·111·ctlnltrllo)tetra-, Iron salt 
Ill hy.lro.,i.-11 r<>rrou• F:llT II IECMTN 
t:DTA Iron( I I) 
~.-q U•' st,,.,,,. 11.~ff: I !'IM1'N 

Nz0 8 C 1 0\\ 1 t.. l.rl'. ).Na 
"''"' 1,· ~··id, (• tl•vl"""'lini tr! lo) tetra-, Iron comp!<"><, sodium salt 
rrt t ti Iron . .,,,i l U'li Cl\1:1' 
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A number of the formulas given are incorrect in that they retain the 

H's displaced by the metal ions. 

II. PRODUCTION 

Production figures for the tetrasodium salt of EDTA are available 

for the years 1955-1971 and are presented in Graph I; this salt is the 

material from which EDTA itself and the other salts are prepared. Avail­

able s ta tis tics for EDTA and other salts are shown in Graph I I. Hone o: 

these figures should be taken literal1y bec.arn;e it is only the tetra·­

sodium salt which is being "made." It, at least, shows a clear upward 

trend, seemingly at a geometric rather than the earlier algebraic in­

crease; the percent actually sold is moderately steady at about 70. 

Prior to 1968 about 50-55% of EDTA production was sold, but then the 

figure dropped sharply to about 30%. For the NaFeEDTA, there was a 

50-50 chance of reported sales exceeding reported production. The 1971 

U.S. Tariff Commission Report indicated the following companies to be 

producers of the noted EDTA's: Ciba-Geigy Corp.-Na 4 -, Na3-, Na2-, 

EDTA, K4, NaFe-, Mn-, Na2Cu-, Na2Ca-, Na2Zn-; Crest Chemical Corp.-Nat,-; 

Dan River, Inc..-Na4-; Dow Chemic.al Co.-Na4-, Na2, EDTA, (NH4)4-, 

(NH4)2-, Na2Ca-, Na2Zn-; Eastman Kodak Co.-Na2-; W.R. Grace & Co.~Na4-, 

Na3-, Na2-, EDTA, K4-, NaFe-, Mn-, Na2Cu-, Na2Zn-; Hart Products Corp.­

Na4-; Millmaster Onyx Corp.-Na4-·. 

III. USES 

The following table (III) was presented in Chemical Economics 

Handbook (1967), but it was not exclusive to EDTA. 



CHEMICAL ECONOMICS HANDBOOK, Stanford 
Research Institute, Menlo Park, Cali­
fornia, p. 512.5020R 

Table III. Estimated Markets for Aminopolycarboxylic 
Acid Chelating Agents, 1965 

Textiles 30% 

Soap and Cleaning Compounds 

Water Treatment 

Miscellaneous Chemical Processing 

Agriculture 

Rubber Processing 

Metal Cleaning and Electroplating 

All Other (Largely Pulp and Paper Processing 

Source: CEII estimate based on communication with industrv 

20 

15 

] ,­
- ) 

5 

5 

<10 

CEH elaborated on these uses as follows: textiles - improvement 

of dyeing evenness, extension of life of alkaline bleaches, water 

softener in cleaning operations; soap and cleaning compounds - water 

softener, foam stabilizer, builder; water treatment -- prevention of 

scale in boiler water, scavenging of limey deposits; miscellaneous 

chemical - improvement in product quality and yield, catalyst recovery 

in petroleum products, mineral flotation separation adjunct, rare earth 

separation, pre-ion exchange treatment; agriculture - correction of 

mineral deficiencies, water softener for spraying operations; rubber -

copolymerization activator, metal scavenger; metal cleaning - "rust" 

and lime remover, metal scavenger, etchant. Water treatment was the 

anticipated area of fastest growth. 

EDTA has some important, but probably only small quantity, use in 

analytical chemistry as a titrant for metals. 



Considerable amounts (relative to human contact) may be used in 

foodstuffs, the disodium and the calcium dis odium EDTA being the onlv 

salts allowed. Table IV, adapted from the 1972 edition of the Handbook 

of Food Additives, lists the allowable amounts and the specific foods 

permitted to contain them; there have been no changes in the allowable 

amounts since 1960. 

Table IV. 

CaNa2EDTA 
121.1017 

AlonP, a" food add1t lH' 

3] ppm max 111 <·.inned 

c-.1rlll>n.1tetl soft d1 lnk3 
110 ppm max m c:1nncd 

whit« p0latoc•s 
310 µpm nux m c.rnne<l 

cooked darns 
275 ppm m.n. m <"lllnt'd 

rookl'd cr.1bmc.1t 

2.J ppm max in clbtilkcl 
nk0holw bcvurngec. 

7b ppm max 111 non­
str111d.u d 11l'd d1, '· 1ng, 

310 J•Jllll ma' 111 c;1nnc<l. 
couk1'd, dried 11111.1 \i,•,1n,; 
2J pj1!ll nu1x u1 h•rnit·ntud 
nn It bev<'lil ge:; 

7G flJ'lll lll.:I\. lil Fr"nrh 
di t.'.'-i .... llli~ 

I:-> PI"'l rn~x Ill 111,l)'Oll-

li.l\'-C 

'hill ppm m.1' m r:rnn1·d, 
('00kl'1..i Illll'-.hl POJ!l, 

7:1 ppm Jl\ax 1n oh:o­
rn.11;;.1rnH• 

lfK) Pl'lll m,1x 111 !"cm pi~ 
!111111;: 
:.''.~IJ ppm max Ill J'lcldcd 

(.l Ll,.if:l' 
~~II ppm m,1, Ill I'" I, kd 
C'lllllJJlli1•1-. 

](Kl ppm 111.1' 111 I" it.do 

"Ii.id 

Regulatory Status of Direct Food Additives 

~faterial 

FDA Regulation 
Limitations 

Na2EDTA 
121.1056 

1. Alone, as· food urlchtn ~ 
150 ppm max in aqu1"1u, 
mult1vitnmm prl'p:1ra­

tions, with iron ball,; a' 
stR!.illzerforv1tamrn B,, 
145 ppm mall. in c;inncd. 

Llac-k <>y<'d peas 
1G5 ppm ~1ax in c.rnnl'd 

rook<'<l chick peas 
Hi5 ppm max rn cann1•d 
J..idney la·ans 
500 ppm max 111 rHn11ed 
st 1 awi>cny pie fill111r: 
:11) ppm max in C'o.1tcd 

~~lUS . .1fl' 

7f> ppm max m n<m· 

bl.rnd.1rd1z•·d dr<',s111': 
315 ppm 111:1x 111 d1 l< d 
b:mnn:1 romp0110nr ,,f 
l'!':td)"lO !'<ti C('l'(•;i\ f>l<t>I· 

uch 
7;, )'nm 111ax rn Frl'11d1 

<lrec:.'-'i lll~ 
JOO ppm "'·''- in f1 u11:11 
wllltl· pol.ii oc~, 111t·lud11i;r 

cut putatO<'-< 

[>0 pp1n m.i:-. in ~!t·fdtt• 

f1d1 h:dl..; or p:1lttl',, 111 
e]ud1n1! l1qu1d p.l~ k1t'l! 

1llt'd111m, to rnlub1t d1 .­

color.lturn 
"'/ft ppm Jll,J\. Ill m.1\011 

l\ilhl' 



t 
800 ppm m:i x 111 proc-
e~s<'<l, dry pinto !wans 
75 ppm max m salad 
dressing~ 

100 pp:n OJ.t\. i11 s.rncl"1l'h 

spn«trl' 
7,-:-l }1;1:-it Illa.\. 111 ~.llill'S 

2.-JO r;m1 111.1:.... 111 <·ruinl'd, 
C'OOkl'll t.hrl'i ~' 

00 PJ'.11 IL.1:-.. 111 spH'L• ex­

tr:ictivcs 111 '-t.\uhle C<lT· 

rlf'fS 

l(lfj pplll Ill:.'. Ill hl t ifici:d­
ly lhvorcd I ''li(HI and 
oran~·1 bjll t.·Jd-_ 

In con;b;natwa with d1-
rnd1rnn Ui"L\ a, food w!d1-

t1\"e: 
7:, ppm nu1\ 1n non 

st.'.1uchnli:l'1.l d: 1..· ..... ' 111r:s 
7;-, pJ»ll ll'"X Ill Ftench 

drt's::-1n~ 

7.~. PtHn w.a'\: in n1:t) on­

n:.n~e 

75 ppm m.ix m salad 
dressing 
100 ppm max in 5andwich 
spread 
75 ppm max m sauces 

P1 oduct spc-ciilcatiurn; ap­

ply 

75 ppm mnx in snlarl 

drrssmg 
lOJ ppm max 11~, sand" irh 
spread 
7fi ppm max in sauces 

2. In combinatio-ci wtth cal 
ciwn disodnun EDTA as 
food additive: 

75 ppm max in non 
standardiLcd clressJn~ 
75 ppm max m French 

drcs~ing 

75 ppm max in ma1nn· 

n::ii~r 
1000 ppm max (dry-wC'ighl 

bnsis) in nnnnutnlJ\'l' 

SWt'ctl'nf'rS 

T.E. Furia, in Chapter 6 of this Handbook, discussed the purposes 

of using EDTA's in various foods. Fats and oils, and foods containing 

them, were protected by a synergistic combination of EDTA and antioxi-

dant (BHA, BHT, ascorbic acid, etc.). Aqueous vitamin preparations, 

especially vitamin C, or oil soluble vitamins such as A, D, E, and K 

were stabilized by EDTA 1 s (in conjunction with antioxidants for the 

oil solubles). Processed fruits and vegetables suffered less color 

changes and alterations in flavor or texture. Fish and shellfish had 

improved color stability and less tendency to form the glass·-like crys-

tals called struvite. Wine, cider, and vinegar showed much less ten-

dency to form precipitates. Milk was kept from developing off flavors 

resultant from copper contamination. Various benefits accrued to the 

beer and sausage manufacturing processes. 



IV. CURRENT PRACTICE 

No information concerning handling and transportation regulations 

or disposal methods was found. 

V. ENVIRONMENTAL CONTAMINATION 

No information concerning environmental occurrence was found. 

VI. MONITORING AND ANALYSIS 

A variety of chromatographic, spectrophotometric, and titrimetric 

procedures has been developed which bypass the presence of the usual 

cations associated with EDTA systems; the cations may be detected and 

quantitized by standard methods in inorganic analysis. 

' 
Heinerth (1968) detected EDTA in detergents by thin layer chroma-

tography after preliminary extraction and removal of interfering salts. 

The medium was Kieselgel G. 

Yamagata et al (1969) developed a thin layer chromatographic 

technique especially useful for separating the EDTA used in foods from 

amino acids, particularly aspartic. Their medium was the cellulose pow-

der Avicel SF, and the solvent system n-butanol/acetic acid/water (1/2/2 

by volume). The spot was detected by spraying with acetic acid, cabal-

tous chloride, and hydrogen peroxide. The Rf for EDTA was about 40% 

greater than that for aspartic acid. The limit of detection was 1.5 µg. 

Mihara et al (1970) analyzed food for EDTA by gas liquid chroma-

tography after conversion to the methyl ester by simply refluxing in 

acidic methanol (claiming that diazomethane or boron trifluoride-

methanol esterification was unsuitable). Detection limits were 8.4 ng 

and 12 ng on 4-mm X 1.08-m 5% QF-1 on Gas-Chrom Q at 175° or 3-mm X 

1.5-m OV-1 on Gas-Chrom Q at 185° columns, respectively. 
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Rudling (1972) analyzed for EDTA in water or sewage in the presence 

of nitrilotriacetic acid (NTA) and diethylene-triaminepentaacetic acid 

(DTPA) by conversion to the methyl ester and gas-liquid chromatography. 

The esterifying agent was boron trifluoride in aqueous methanol. The 

chromatographic sys tern consisted of a 100 X 0. 2 cm i. d. glass column 

packed with 5% (w/w) OV-17 on 100/120 mesh Aeropak, helium carrier gas, 

and a flame ionization detector. The EDTA ester eluted at 12 minutes 

into a 10°C/min. programmed rise from 150°C. The minimal concentration 

detectable was 10 µg/l (about 10 ppb). A solution containing 0.2 mg/l 

of EDTA was analyzed without interference from 2 mg/l concentrations of 

Cd(II), Cu(II), Fe(III), Ni(II), or Zn(II). 

Menis et al (1956) measured EDTA by forming a Cu(II) complex and 

measuring the absorbance at 250 nm. Good results were obtained at con­

centrations down to 0.1 g/l, not quite as good in the 0.025-0.1 g/l 

range. At the 0.05 g/l level of EDTA, interferences came from Cr(VI), 

Ni(II), and Co(II) (the latter only when present in amounts over 10% of 

the EDTA). 

Vogel and Deshusses (1962) determined EDTA in wine by forming a 

complex with Co(II), then oxidizing with peroxide to the Co(III) complex, 

and measuring the absorbance at 530 nm. A minimum of 2 ppm EDTA was 

detected. 

Stahlavska and Malat (1965 and 1965) analyzed pharmaceuticals for 

EDTA by using it to displace various heavy metals from phenolic chelates, 

and measuring the remaining absorbance. Concentrations of EDTA as low 

as 0.7 µg/ml were detectable. 

Suk and Smetanova (1965) added excess Bi(III) to an EDTA solution, 

adjusted the pH to 2.0, added bromopyrogallol red, and measured the 



absorbance of the Bi-catechol complex at 635 nm. 

Mottola and Freiser (1967) demonstrated the feasibility of measuring 

sub-micromolar quantities of EDTA by the inhibiting effect it has on the 

catalysis by Mn(II) of the oxidation of malachite green by periodate. 

However, many of the non-alkaline earth metals and also other polyacetic 

acid complexants interfered severely. 

Kross (1968) patented a method for determining EDTA in meat products. 

The EDTA was complexed with Ni(II), the complex destroyed by oxidation, 

and the liberated Ni(II) complexed with dimethylglyoxime for spectro­

photometric measurement at 430 nm. 

Ishihara (1968) added excess acidic zirconium solution to an EDTA 

sample, then added xylenol orange and measured the absorbance of its 

complex with the non-chelated Zr at 530 nm. Various connnon cations and 

anions interfered, otherwise the minimum detectable amount of EDTA being 

50 µg. 

Shimokawa and Horibe (1968) determined EDTA in food by measuring 

the absorbance of the cobalt complex after removing interfering amino 

acids by passing the dissolved sample over a colunm of the anion-exchange 

resin Amberlite IR-45 at pH 2.1. The limit of detection was 0.4 mg. 

Saito et al (1968) used the cobalt/peroxide method (Vogel and 

Deshusses, above) for EDTA in sake. They reported a useful range of 

5-600 ppm, and cautioned that the pH of the final solution must be 3.0 

to prevent interference from any amino acids. Collll!lon inorganic and 

organic acids and salts at concentrations below 0.1% did not interfere. 

Bruno et al (1969) used this same method for EDTA in fruit juice 

but measured the absorbance at the slightly higher wavelength of 535 nm. 

Their errors on spiked samples were ± 5%. 
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Bhattacharyya and Kundu (1971) determined concentrations of EDTA 

in the µM region by adding excess Fe(III) and measuring the absorbance 

of the non-chelated and chelated iron at 305 and 258 nm, respectively. 

Most common cations did not interfere. 

Kr6wczynski and Banaszek (1958) measured EDTA, Na2EDTA, Na2CaEDTA, 

and Ca2EDTA in pharmaceutical preparations by titration with Fe(III) 

using sulfosalicylic acid indicator. 

Hennart and Merlin (1958) checked on the purity of Na2 CaEDTA by 

separately determining the Ca and Ca plus Na. A sample was ignited to 

the mixed carbonates and divided in two. One portion was dissolved in 

acid, adjusted to pHlO, and then titrated with EDTA to determine Ca. 

The other portion was dissolved in perchloric acid/propanoic acid and 

the excess perchloric titrated with pyridine/propanoic acid with mala­

chite green to determine Ca plus Na. 

Clinckemaille (1968) determined EDTA in detergents by titration 

with Cu(II) and the indicator commonly written as PAN; one percent of 

any nitrilotriacetic acid present would titrate under the conditions 

used and would have to be determined separately for accurate work. 

Heinerth (1968) also used Cu(II) to titrate EDTA in detergents, 

at pH 4 and 60°C, but with the indicator polyacrylonitrile; under these 

conditions hydroxy-EDTA also titrated. 

Huber and Tallant ( 1968) titrated EDTA solutions with Pb (II) using 

constant current potentiometry as an endpoint indicator. Concentrations 

at the sub-mM level were determined with good accuracy. The common 

anions and Ca(II) did not interfere; phosphate ions at the mM level 

interfered with the normal way of running the analysis but could be 

counteracted by plotting the experimental data; no Mn(II) could be toler­

ated. 



Treffler (1968) discussed an extraction/titration technique for 

determining EDTA in powdered alkaline cleaning compositions. 

Vanderdeelen and Van den Rende (1968) added excess bismuth ion to 

an EDTA solution, and then titrated the uncomplexed Bi with standardized 

EDTA using pyrocatechol violet indicator. Under the conditions used, 

only Hg(II) and oxalate ions interfered. 

Blijenberg and Leijnse (1969) titrated EDTA in blood or urine with 

Cu(II) using the indicator pyridylazonaphthol and a visual or colori-

metric endpoint. Large excesses of Ca(II), Mg(II), phosphate, or ci-

trate were non-interferants. 

Greninger and Brandt (1969) determined EDTA in fish and shellfish 

by titration with Th(IV). 

Reuge (1971) determined CaEDTA in protein solutions by titrating 

with Zn(II) after precipitating the Ca with oxalate. 

Milwidsky (1971) reported a method for determining EDTA in the 

presence of detergent phosphates. A sample containing at least 0.1 g 

EDTA was adjusted to pH 2.5, Zn(II) added, and the pH readjusted po-

tentiometrically with NaOH to 2.5. The amount of NaOH corresponded to 

the amount of EDTA. Any nitrilotriacetic acid present interfered. 

Titrimetric procedures for determining the purity of calcium di-

' sodium EDTA and disodium EDTA were described in Food Chemicals Codex 

(1972), pages 128 and 259, respectively. The former was titrated with 

thorium against xylenol orange. The disodium was converted to the 

calcium complex, then titrated with NaOH against hydroxy-naphthol blue. 

VII. CHEMICAL REACTIVITY 

A. Environmental and use associated reactions 

Most of the reactions EDTA and its salts undergo are simple 



complexations of polyvalent metal ions after displacing sodium atoms or 

another metal from the EDTA. In general the complexes are formed more 

readily at high pH than at low because the H's are more apt to be 

ionized at the former; preformed complexes of tri- and tetravalent metals 

are stable at pH's ~ 1. 

Deleted because of copyright clearance 

Cheronis and Schat:z: (1958) claimed that EDTA catalytically degraded 

basalt, limestone, or shale rocks. They showed that an aqueous EDTA 

solution covering the rocks gradually increased in pH and acquired color­

ation, whereas omitting the EDTA resulted in no such changes. 

B. Aspects with biological implications 

Hashimoto (1966) demonstrated that EDTA interfered with t.he ability 
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of volcanic ash or red soils to fix phosphorus, but enhanced this ability 

in a calcareous whitish soil. 

Ikehata et al (1967) studied the effect of EDTA on the formation 

of flocculated Al(OH)3 in water treatment processes. 

Anghileri (1968) demonstrated that EDTA could bind to serum 

albumin and possibly interfere with the albumin's meta).-binding ability. 

Singh (1971) thought that some light on the toxic side-reactions 

from therapeutic EDTA dosing might have been shed by sbowing that, in a 

non-chelating fashion, EDTA could dissociate both ionically and non­

ionically linked complexes of polymerized DNA. 

VIII. BIOLOGY 

A. Metabolism 

1. Absorption 

In a study on normal human adult males Foreman and Trujillo (1954) 

found that only about five percent of an oral dose of CaNazEDTA was 

absorbed, and that almost none of a skin applied dose was absorbed. 

Wallace et al (1955) discussed the absorption from soil by various plants 

(see VIII.3 and 4, and X. D. for other findings of this study). 

Foreman (1959) reported that rats didn't absorb much EDTA from an oral 

dose, but did absorb more if they had been fasted beforehand. Spencer 

(1960) studied the absorption of oral doses of CaEDTA or Na2 EDTA in 

man at the rate of 6 gm/day for 6 days. Some of the subjects absorbed 

a little of the dose, others none at all. Wallace and Mueller (1966) 

applied FeEDTA (both Fe and C isotope labelled) to an alga, but could 

not determine if only the Fe was absorbed, or the whole complex 

absorbed and EDTA portion immediately eliminated. Kealy et al (1969) 

indicated that chicks fed Na4EDTA absorbed more than half. 
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Wynn et al (1970) fed male rats diets containing up to 10% by 

weight of Na2EDTA for 13 weeks. Some of the EDTA was absorbed, 

apparently as the CaEDTA form, but never exceeded a serum level of 

1 mg/100 ml. 

2. Excretion 

Foreman and Trujillo (1954) subjected normal adult male humans to 

intravenous, intramuscular, oral, or skin doses of CaNa2EDTA at levels 

of 2002 .2 mg, 1002. 2 mg, 1.5 mg, and 1002 mg, respectively. Within the 

accuracy of their analytical method all of the i.v. and i.m. dose was 

recovered in the urine in a 24 hour period. Of the oral dose a minimum 

of 91% was recovered within three days in the feces and urine at a 23/1 

ratio. At most 0.001% of the skin dose appeared in the urine. The half 

times for blood clearance after i.v. or i.m. dosing were 65 and 90 

minutes, respectively; there was no detectable EDTA in the blood after 

oral or skin dosing. There was no indication of the presence of meta­

bolites in the urine. The renal clearance value of 680 ml/min. after 

i.v. dosing indicated that glomerular filtration and tubular excretion 

both played parts in the clearance. 

To study the stability of EDTA in plants Wallace et al (1955) 

grew orange seedlings for 60 and 110 day periods in soil containing EDTA 

bearing isotopically labelled nitrogen, then water-extracted the leaves 

and chromatographed the extract over cation and anion exchange resins. 

EDTA itself is not retained on cation resins, but a considerable fraction 

of the radioactivity was found on the cation resin after both periods of 

growth, indicative of degradation of the EDTA. 

Foreman (1959) reported that rats given EDTA parenterally excreted 

97 .5% within six hours, with a blood turnover time of 57 minutes after 
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i.v. dosing. Clearance from the blood occurred only through the kidney. 

The remaining 2 .5% was released slowly, possibly having been bound to 

iron strongly fixed to something. Tubular secretion and glomerular 

filtration were involved. These results paralleled the author's work 

with humans (above). 

Spencer (1960) reported that essentially all of an EDTA dose given 

to three human subjects was eliminated in the urine in a 24 hour period, 

in agreement with the Foreman study (above), but, perhaps, experimentally 

more valid. 

Darwish and Kratzer gave 7.4 µm doses of C-14 labelled EDTA orally 

to laying hens which had been colostomized. The serum plasma EDTA level 

peaked at about 0.1% of the dose at about one hour, then dropped rapidly 

and leveled to about 1/4 this level, where it remained for almost two 

days. Carbon-14 in the respired air peaked at 7 and 28 hours in one 

bird, at 7 and ? hours at a higher level in the other bird (experiment 

with this bird terminated at 42 hours); there was still activity in the 

first bird at 110 hours. Urinary C-14 peaked at about 11 hours in the 

42-hour bird, about 1/3 as uric acid. After 144 hours recovery of the 

dose from one bird amounted to 4% in the expired air, 9% in the urine, 

52% in the feces, and 1% in a G.I. tract washing. 

Havlicek et al (1968) gave adult rats intraperitoneal injections 

of EDTA (Ca and Y cations, 1 and 100 µM doses, neither being a factor 

in the results) labeled with C-14 in the -C*02H, -C*H2C02H, -C*H2N­

(CH2C02Hh positions. After 24 hours about 1.2% of the C·-14 in the 

first two of these, but only 0.05% of the C-14 in the last, showed up 

in the expired air. In the same period 95 ± 6% of the dose showed up 

in the urine, and about 1/4% in the feces (C-14 in the C*02H). There 
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was some evidence for most of the decomposition occurring in the 

kidneys. 

3. Transport 

Foreman and Trujillo (1954) determined that one hour after an i.v. 

dose of CaNa2EDTA in a male human adult the level of EDTA in the spinal 

fluid was only 1/20 that in the blood plasma, indicative of very slow 

transport across the blood-spinal fluid barrier. 

Wallace et al (1955) grew bean plants in nutrient solutions con-

taining varying amounts of Na2EDTA. Table VI indicates that there 

wasn't any linear relationship between the concentrations of EDTA in 

the nutrient, roots, or plant top. The plants seemed to be ab le to 

absorb the EDTA faster than they could transport it. 

Tanton and Crowdy (1971) reviewed the use of PbEDTA as an agent 

for the study of transport in plants. 
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4. Distribution 

Foreman and Trujillo (1954) calculated that shortly after i.v. 

injection, EDTA left the blood stream and permeated the body's entire 

water supply, exclusive of spinal fluid and red blood cells. 

Wallace et al (1955) measured the distribution ot N-15 labelled 

EDTA in orange cuttings; their results are given in Table VI.I. 
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Foreman (1959) reported that no organ of the rat concentrated 

CaNa2EDTA to any extent. The EDTA was distributed over a volume a bit 

greater than the extracellular space. 

Matsuda (1968) confirmed, with tomato plants, Wallace's observation 

that EDTA concentration was greater in roots than plant tops. 

Weber (1969) gave adult rats i.v. injections of C-14 labelled 

CaNa2EDTA and examined certain organs autoradiographically 24 hours 

later. The kidneys showed accumulation in the proximal tubules but 

not in the glomeruli; the duodenum showed activity in the mucosa and 

crypts. Lesser activity was evidenced in the liver parenchyma, bile 

ducts, and blood vessels. The pancreas and adrenals showed no 

accumulation. 

Plagne et aZ (1969) injected C-14 labelled HgEDTA into rats and 

found accumulation only in the renal cortex. 

Tanno et al (1972) gave rabbits i.v. dosage of In*EDTA and mea-

sured the disappearance with time from the blood and organs. After 30 

minutes the accumulation was (in decreasing order): kidney, blood, 

lung, pancreas, liver, marrow, spleen, brain. All decreased at about 

the same rate except the pancreas which increased up to 100 minutes be-

fore dropping. 



B. Physiological Effects 

Kabakow and Brothers (1958) gave a number of adult human subjects 

an i.v. injection over a four-hour period of 4 gm Na2EDTA in 250 cc of 

5% aqueous dextrose. On average the serum Ca was depressed 1.9 mg%. 

About half the time minor hypotension resulted, at most 15 mm systolic, 

10 mm diastolic. Throughout the infusion period a tolerable, burning 

pain was felt from the point of insertion and downstream. Accompanying 

this in 1/3 of the subjects was a sensation of prickling around the 

mouth and warmth elsewhere on the face. 

Vozar and Bobek (1958) gave oral doses of Na2EDTA to guinea pigs 

and rats, resulting in strong decrease of y-globulin. Zizine (1958) 

reported that feeding rats CaNa2EDTA as 1/2% of their diet significantly 

reduced the thyroid activity. Fujita and Imai (1958) gave rats 10 daily 

injections of 50 mg/kg of CaNa2EDTA, or 11 doses of 5 mg/100 gm of 

Na2EDTA. Results of the Ca treatment were: decrease of HIOtf-Schiff 

positive substances in the heart, regressive degeneration of the liver, 

degeneration of the kidney, slight congestion with many large nuclear 

cells in the spleen, and hemorrhage with wide cells in the lung. These 

results were repeated after the other treatment but to a lesser extent; 

in addition the vascular and lymphatic systems and capillaries showed 

lesions and bleeding. Sacca et al (1958) thought that the side effect, 

osmotic nephrosis, from treatment of Pb poisoning with CaNa2gDTA derived 

from the Na atoms. 

Vozar (1959) studied the effect of Na2EDTA on Cu in rats. Feeding 

40-80 mg/100 g/d for three days produced a marked decrease of hepatic, 

renal and skeletal musculature Cu content. Running the experiment for 

20-40 days resulted in deposition of Cu in skeletal muscle aad cerebral 

J'.J(, 



cortex gray matter concurrently with removal from liver, kidneys and 

heart. 

Kelenyi and Kasza (1959) gave rats a 60 mg dose of Na2EDTA by interscapu­

lar injection, resulting in the development of a tumor-like edema at the 

injection site, attributed to the binding of Ca. 

Vozar and Simko (1959) examined the blood of rats dosed with 40 

mg/100 g/d of Na2 EDTA for 3-7 weeks. After three weeks there was no 

change in the number of segmented neutrophile leucocytes or erythrocytes, 

but the latter's hemoglobin content had decreased. The number of lympho­

cytes and the total leucocyte count also decreased. The blood gradually 

returned to normal during the 4th-7th weeks of treatment. 

Foreman (1959) reported that EDTA parenterally administered to rats 

caused hydropic degeneration of renal proximal tubules, reversible on 

cessation of dosing. 

Spencer (1960) reported that i.v. dosage of humans with 4 g Na2EDTA 

over a four hour period produced in the urine only about 65% of the 

extra Ca which the EDTA was capable of complexing, without affecting the 

serum Ca level. A similar test with CaEDTA produced only 81% of the ex­

pected excess in the one day test period. 

Sullivan (1960) reported that a diet containing 4% MnEDTA caused a 

reversible, severe iron deficiency anemia in innnature, but not in adult, 

rats. 

Smith and Kerby (1960) gave rabbits a number of subcutaneous injec­

tions of Na2- or CaNazEDTA resulting in urinary excretion of acid muco­

polysaccharides of brief and widely variable duration and extent. 

Albach (1961) reported that the effect of Na2EDTA on serum Mg level 

on human males was a function of age. Below 25 years no effect was 
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observed; above, there was an average drop of 37% in two hours after 

injection. Normal levels recovered within 12 hours. 

Remagen et al (1961) gave daily injections of 150-200 mg/Kg EDTA 

to young rats and rabbits for 14 days. Results included significant 

lowering of serum Ca and serum alkaline phosphatase, considerable Ca 

excretion, and change of blood pH to an alkaline condition. 

Oser et al (1963) reported that feeding rats for two years and dogs 

for one year on a diet containing up to 250 mg/Kg of body weight had no 

effects on physiological responses or mineral metabolism. 

Daniel and Erwin (1965) reported that Na4EDTA had a stronger effect 

than Na2EDTA on the contraction and relaxation of rat uterus which 

depend on Ca and Mg ions. 

Schane (1965) gave spayed rats i.p. doses of 0.6 nnnole/Kg EDTA and 

found that within one hour there was an increase in uterine phosphorylase 

activity similar to that seen 48 hours after estradiol treatment. Similar 

treatment of cows, guinea pigs, mice, and rabbits gave intraspecies in­

consistency. 

Neu et al (1966) demonstrated that the combination of EDTA and Tris­

HCl effected the release of acid-soluble nucleotide material from E. coli 

in 6-10 minutes. The viability of the cells was unchanged. 

Hamilton-Miller (1966) demonstrated that Na3EDTA and Na4EDTA, but 

not CaNa2EDTA or MgEDTA, greatly increased the outer membrane permeabil­

ity of various connnon bacteria at concentrations as low as 0.1 mM, with­

out impairing the viability. Nucleic acid material leaked from the cells. 

The maximum effect was found to occur at pH 7 .4-7 .6, coincidEmtally, per­

haps, the optimum pH for chelation of Ca by EDTA. 

Watras et al (1966) gave rabbits i.v. doses of 20 mg/Kg of CaNa2EDTA 
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on alternate days for.48 days. There was a significant reduction in the 

amount of Fe stored in the liver, spleen, and long bone marrow. 

Rasmussen and Cooper (1968) and Cooper et aZ (1968) reported that 

ethylene production in the calamondin (citrus) tree was stimulated by 

CuEDTA, but not by FeEDTA. 

Schwiegel (1969) found that the permeability of the main capillaries 

of rabbits and rats to the dye Evans blue was increased not at all by 

CaNa2EDTA, somewhat by MgNa2EDTA, more so by Na2EDTA. 

Dubina et aZ (1969) reported that seven consecutive daily i.p. in­

jections of 70 mg/Kg of EDTA to adult rats temporarily decreased the 

liver mitochondria activity but did not affect the activity of the res­

piratory enzymes dependent upon Cu or Fe. Different results had been 

found in an in vitro study. 

Fiedler and Hartmann starved guinea pigs for 16 hours, then gave 

them s.c. injections of 0.3 mmole/Kg EDTA, 0.6 mmole/Kg MgEDTA, 0.15 

mmole/Kg ZnEDTA, 0.6 mmole/Kg ZnEDTA, 0.03 mmole/Kg Zn2EDTA. They then 

measured serum glucose at 1/2, 1, 1 1/2, 2, and 3 hour intervals. EDTA 

itself elevated the glucose level by 29% at 1/2 hour, and prevented re­

turn to normalcy by 2 hours. Co-injection of an equivalent amount of 

alloxan (non-hyperglycemic and non-diabetogenic in guinea pigs) caused 

the glucose to rise 50%, and remain up 30% at 3 hours. The effect of 

the Mg and Zn EDTA's was less marked. It was concluded that the EDTA 

acted by epinephrin secretion stimulation, and not by Zn complexation. 

Lie and Brotonegoro (1969) found that FeEDTA, and K2EDTA to a 

lesser extent, interfered with nodule formation on the roots of pea 

plants. 

Wynn (1970) fed rats varying amounts of Na2EDTA for three months, 
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with the effects on food consumption and weight gain in Tabh~s VIII and 

IX, respectively. 

Table VIII. Effect of EDTA on Average Weekly Food 
Consumption in Adult Male Albino Rats 

Diet consumed (g) 
- -- ~-- ---

Na~H~EDTA 
End of 
""week Control 1.0~~ 5.o~~ 10.0% 

1 141 141 111 116 
2 164 171 137 98 
3 169 158 I 29 85 
4 174 162 108 76 
5 168 193 115 61 
6 152 147 122 86 
7 175 162 D4 69 
8 165 178 145 78 
9 166 177 148 85 

10 163 174 157 80 
I I 165 182 158 71 
12 151 144 135 84 
13 145 137 144 53 

Table IX. Effect of EDTA on Average Weekly Body 
Weights of Adult Male Albino Rats 

Body weight (g) 

End of 
week Control 1.0% 5.0% I0.0% 

0 116 121 120 123 
I . 171 171 130 116 
2 223 218 156 119 
3 273 255 177 119 
4 313 286 185 124 
s 334 310 188 115 
6 351 320 203 115 
7 373 335 209 119 
8 390 361 235 112 
9 406 380 248 129 

10 422 403 267 145 
11 431 399 261 146 
12 437 409 276 136 
13 442 418 305 127 

In both tables differences in only the 5 and 10% columns have statistical 

significance. Animals on the two higher concentrations developed diarrhea 

by the third day on the diet and were subject to it throughout the experi-

ment, consuming twice as much water as the controls. Some of the animals 
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were subject to priapism (all of the 10% and one-fifth of the 5%) on­

setting in the initial four weeks. There were no hematological differ­

ences at the end of the test. Gross and histopathological examination 

of the internal organs showed no abnormalities, other than pale livers 

in the 10% group. 

Vohra and Bond (1970) fed fowl diets ranging 0.5-4.0% in Na2EDTA·2H20. 

The high levels depressed weight gain, hematocrit levels, Fe levels in 

the blood, liver, and kidney, and Zn level in bones; renal Zn was in­

creased. 

Dvorak (1970) found that increased presence of K and Mg ions in 

the urine of rats dosed i.p. with Ca- or ZnNa2EDTA was solely a function 

of the Na ions in the dose, 

Fritz et al (1971) fed chicks diets containing various amounts of 

EDTA, Na2EDTA, and CaNa2EDTA to study the utilization of dietarily 

marginal amounts of Ca, Fe, and Mn. Amounts up to 1600 ppm had no 

effect on the Ca. Incidence and severity of perosis from 1600 ppm of 

Na2- or CaNa2EDTA or 800 ppm of EDTA were equivalent. The same amount 

of EDTA depressed growth and hemoglobin. Depression of hemoglobin and 

hematocrit also resulted from 800 ppm of the two EDTA salts. 

IX. ENVIRONMENTAL EFFECTS 

A. Persistence and/or degradation 

Hill-Cottingham and Lloyd-Jones (1957) reported that FeEDTA was 

rapidly adsorbed on calcareous clay soil. Most of the EDTA remained 

water extractable but the Fe precipitated after being exchanged for Ca. 

Hemwall (1958) agreed that clay minerals do not retain EDTA but will 

precipitate Fe from FeEDTA. Moawad (1970) studied extractability of 

FeNaEDTA from four different soils and found that the more acid the 



soil the longer the Fe remained water soluble. 

Cheronis and Schatz (1958) commented that EDTA was known to be very 

resistant to degradation by soil microfauna and -flora. Bunch and 

Ettinger (1967) tested the ability of sewage to degrade EDTA. Over a 

three week period there was little or no apparent degradation of concen­

trations ranging from 5-20 mg/1. Rudling (1972) analyzed fo·r EDTA in 

samples from several sewage works and found that the content was the 

same in the effluent as in the input - indicative of no degradation. 

B. Environmental transport 

Knuttson and Forsberg (1966) applied CrEDTA to colunms of 20 miner­

als, 5 rock types, and 6 soil types. There was no absorption on quartz, 

feldspar, calcite, dolomite, and some micas. Clays, chlorite, Fe(II)-Mg 

silicates and other Fe minerals retarded the EDTA somewhat. Nishita 

and Essington (1967) studied the movement of EDTA through five soils 

of widely different chemical and physical properties. Moawad (1970, 

pp 91-100) did a similar study on FeNaEDTA. 

C. Bioaccumulation 

No indications of bioaccumulation or concern about it were found. 

X. TOXICITY 

A. Human 

Clarke et al (1955) reported on the side effects of human EDTA 

therapy. Almost two dozen patients received 10-100 doses of Na2- or 

K2EDTA, 5 gm, delivered i.v. in 500 cc of 5% glucose or normal saline 

over a 1 1/2-3 hour period. The use of the K salt was terminated be­

cause of intolerable burning sensations at the puncture site and down­

stream. The Na salt also caused burning but at a tolerable level. 

Other effects included nausea, diarrhea, dermatitis. 



Vinerga (1956) reported that therapy using "non-consecutive" daily 

doses of 1.5 g CaNa2 EDTA had the potential of causing sensitization to 

the EDTA, and, consequently, was not recommended. 

Kabakow and Brothers (1958) commented that they were able to find 

only one literature report of EDTA-caused human fatality. In this in-

stance two patients received daily doses of 28-40 g, apparently dying 

from kidney failure. 

Meltzer et aZ (1961) reported the results of 2,000 Na2 EDTA treat-

ments involving 81 patients. In Table X is their patient-treatment dis-

tribution. In Table XI is the actual number of occurrences of the in-

dicated side effects (incidences of these side effects had been reported 

in Seven and Johnson (1960)). A 3 g dose in 500 ml of normal saline or 

glucose solution was administered over 2 1/2-3 hours. Doses were given 

every other day until 20 had been given; then a 6-8 week period of no 

treatment was initiated before further treatment, if any. 

Foreman (1963) reviewed literature reports on side effects from 

EDTA therapy. 

TABLE A-DlSTRlBUTIO:'\ OF PA­
TIE:'\TS ACCOHDIXG TO TOTAL '.\:U:\[­
BER OF IXFCSIO:'\S 

Number of Total Number 
Patients of In/usio11s 

19 1-10 
30 11-20 
19 21~10 

9 41-60 
1 61-80 
3 81-120 

Tables X - XI reprinted with permission from Am. J. 
Med. Sci., 242:11-17 (1961). Copyright by Charles 
B. Slack, Inc. 
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TABLE Xf-SIDE EFFECTS OF EDTA AmlI:\ISTERED 
WITH 2000 IXFUSIOXS 

Side Effect 

RE'.':AL D.-\\l.~CE ( incrc:lsc in Bl':\', decrease in 
PSP C\.Crt.:tion, cylindrnria. hcmnturia, or 
per,i,tc·nt alhuminuria greater th.in 1 + 

BCR:\I:\G . .\.T l'\JECTIO:\ SITE or along course 
of v..:i'l: 
Initull: ody, 
Thro1:.,;l 1out infosion, 

TIIRO\lbOP! ll.Et:IT!S 
.. 

IWPOTE:\SlO:\: ~!1ld: a drop of sy>tolic pres· 
sure of 20 mm. without symptoms 
~fodcr.1tc: a drop of srstolic prL»Surc of 
30 mm. '\ ith or without symptoms 
Sf'vcrc-: a drop of 30 mm. or more with 
dbtinct hypotcnsh c symp:oms 

HYPOCALCE\!L\: \lild: numbne>s, tinl-ling: :it 
circ11mor.1l arc.1 or le;:: cramps or mu>dc 
spasm 
Severe: signs of tctrny ( Cll\'ostck's 
sign, and others) or fall in scrum cal-
cium to 7 mg./100 ml. 

SYSTE~llC l\E.\CTIO:\S (febrile rc.tction. ma-
laisc, fatigue, hNd.1chc, :lnOrL•:da) 

HIST:\~ll::\E-LI l\:E RE.\CTIO:-\ (sneezing, lac-
rimation, n.1sal congestion) 

AXE'.\IL\ or other hcnutopoictic changes rdatcd 
to trc.1tmcnt 

GLYCOSL'RL\ OR IIYPEHGLYCF.'.\IIA 

DEn\L\TITIS ( prl'sumahly due to pyridoxinc 
dcfkicncr) 

:\.U:SE:\ YO\llTl:\C: ~liltl 
Modcrntc 
Severe 

ABDO~!I:\":\L CR.HIPS on P.\I:\ 

Frequencv of 
Occurrence 

0 

30 
63 

l 

8 

23 

2 

20 

0 

0 

0 

0 

0 

0 

15 
1 
2 
.2 

Raymond and Gross (1969) found that EDTA at the level used as a 

r 

preservative in ophthalmic solutions was responsible for some cases of 

acute allergic conjunctivitis and periorbital dermatitis. They also 

found evidence for cases of delayed hypersensitivity. 



B. Birds and Mammals 

Coune and Driggers (1954) gave male chickens doses of Na4EDTA rang­

ing from 50-200 mg/Kg i.v., i.p., i.m., or s.c. Only the i.v. method, 

at 200 mg/Kg, proved fatal. Slow, two minutes, or rapid, 30 seconds, 

injection made no difference. Death was attributed to lowering of serum 

Ca. 

Toyota and Shibata (1956) reported LD-50 values for EDTA salt in 

mice as 20.5 mg/Kg oral and 2.6 mg/Kg i.p. 

Shibata (1956) reported LD-50 values for EDTA salt in the rabbit as 

47 mg/Kg i.v. and 2.3 g/Kg oral; however, extending the i.v. delivery to 

10 minutes resulted in no fatalities. In tests of chronic toxicity it 

was found that 1 g/Kg orally for one week was fatal, but 1/2 g/Kg for 

one month was non-fatal. Also non-fatal was a daily i.v. dose of 20 

mg/Kg as a 5% solution. 

Shibata (1957) reported the i.p. LD-50 values in mice for CaEDTA 

as 7,600 mg/Kg, and fbr PbEDTA as 7,500 mg/Kg. 

Kocher et al (1958) found that the LD-50 in mice for CdNa2EDTA was 

63 mg/Kg i.p. 

Kocher et al (1959) found that the LD-50 in mice for NiNa2EDTA was 

1,244 mg/Kg. 

Paulet et al (1959) found that the LD-50 in mice for Co2 EDTA was 

50 mg/Kg i.v. 

Eybl et al (1959) found that the LD-50 in mice for CoNa2EDTA was 

1,948 mg/Kg i.p. 

Sykora et al (1960) found that the LD-50 in rats for MnNa2 EDTA was 

1,930 mg/Kg as a 10% solution i.p. with a ten-day observation period. 
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Toyoda (1960) found the following i.v. LD-SO's in mice: Na4EDTA 60 

mg/Kg, Na2EDTA 460 mg/Kg, CaNa2EDTA 3,250 mg/Kg. 

Nofre et al (1962) found the LD-50 in mice for FeNa2EDTA was 281 

mg/Kg i.p. in 30 days. 

Kostial et al (1962) found the LD-50 in adult female rats for EDTA 

was 397 mg/Kg i.p. in one day, or 350-450 mg/Kg with a 95% confidence 

limit. Symptoms were severe within 10 minutes and consisted of distress 

signs and hypocalcemic convulsions, with death normally occurring in two 

hours. 

Nofre et al (1963) reported LD-50 's for rapid i .p. dosage in adult 

male mice of Na2EDTA·2H20 and various MNaEDTA's. The 30-day values, in 

order of increasing toxicity, were (mg/Kg): CaNa2 5,351; MnNa2 2,335; 

CrNa 2,034; PbNa2 1,678; C0Na2 1,376; NiNa2 589; ZnNa2 519; Na2 ·2H20 

298; FeNa2 281; AlNa 183; FeNa 139; CdNa2 31; CuNa2 13; HgNa2 7. Com­

paring the LD-50's (from a therapeutic viewpoint) of the metal chelates 

with the metals alone it was found that, on a weight of metal basis, 

the Al, Cu, and Hg chelates were more toxic, the Fe(II) and Fe(III) 

chelates were equally toxic, and the others less toxic. 

Oser et al (1963) reported oral LD-50's for CaNa2EDTA in fasted 

animals as 7 g/Kg in rabbits, 10 g/Kg in rats, and 12 g/Kg in dogs. 

Osanai et aZ (1964) allowed mice to drink water containing varying 

amounts of CaNa2EDTA. At 4% the mice died in one week suffering from 

diarrhea; at 2% the mice died in seven weeks suffering from anemia; at 

1% the mice survived at least 21 weeks suffering only slight. anemia. 

There did not appear to be any nephrotoxicity. 

Bekemeier (1965) found that the s.c. LD-50 for Na2EDTA in mice was 

far from being even relatively constant over a one year period. The 
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results are reproduced in Graph III. 

Graph III. Subcutaneous LD-50 of Na2EDTA as a Function 
of the Time of Year 
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Cier and Abecassis (1966) studied the genesis in adult male mice of 

diabetes mellitus by Na2EDTA and ZnEDTA. A 40 mg/Kg i.p. dose of Na2EDTA 

caused symptoms to appear after five days; these were gone after 31 days. 

The highest dose tested, 300 mg/Kg, did not elicit symptoms until 17 days, 

but they persisted after 31 days in 45% of the animals. Giving 30 mg/Kg 

doses on three consecutive days proved to have additive effects. A 

40 mg/Kg dose of ZnEDTA gave the same results as that amount of Na2EDTA 

in a one week period, but then the glycemia rapidly regressed. 

Fiedler (1969) reported that CuNa2EDTA had a higher toxicity than 

Cu(II), or CaNa2EDTA, in guinea pigs, rabbits, and rats. Within eight 

hours of an i.v. injection of 12.7 mg/Kg in rabbits of CuNa2EDTA there 

were 30-250 fold increases in the serum plasma activities of these en-

zymes: alanine and aspartate aminotransferase, glutamate, sorbitol and 

lactate dehydrogenase, and fructose diphosphate aldolase. Serum levels 

of K increased, Ca decreased, and Na didn't change. In all three species 

blood sugar fell to a very low level (after an initial rise in guinea 

pigs). 
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Wynn et al (1970) found that rats fed diets consisting of 5 and 10% 

Na2EDTA suffered 20 and 60% mortalities, respectively, with the first 

death in the higher group occurring in the third wee~ (the study ran for 

13 weeks). 

Lenza (1971) reported an i.v. dose of 25 mg/Kg of SbEDTA was lethal 

to dogs, causing extreme diastole of the heart. 

Ishmel et al ( 19 71) gave sheep single s. c. doses of CaCuEDTA and 

found that 18 mg/Kg was the LD-50 in three days. Post mortems showed 

excessive fluid in serous cavities, edema of the lungs, mottled livers, 

congested kidneys, and subendocardial hemorrhage. Histological examina­

tion showed hepatic centrilobular congestion, hemorrhage and necrosis. 

Swenerton and Hurley (1971) fed pregnant rats diets containing 2 

or 3% Na2EDTA through all or part of the gestation period. At the lower 

level for the whole period litter size was normal, but the newborn were 

smaller than normal and 7% were malformed. At the higher level for the 

whole period all fetuses had been resorbed. At the higher level for the 

6-21 day portion litter size was less than half the normal, all newborn 

were very small and all were grossly malformed. Results similar to the 

6-21 day period were seen when the higher dose was given during the 6-14 

day period. 

C. Lower Animals 

van Asperen and van Esch (1956) injected cockroaches w:Lth 30 µ1 of 

67 mM EDTA solution. Within one day there was 30% mortality (the remain­

ing insects recovering). In the initial 15 minutes appeared symptoms of 

paralysis and intoxication, all traces of free Ca in the haemolymph having 

disappeared. 

Khristolyubova (1961) incubated Drosophila eggs in a nutrient medium 
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containing EDTA. Mortality in two-three days was 50%. All hatched 

adults were stunted. An above normal number of nucleoli was present in 

the salivary gland chromosomes. 

Terriere and Rajadhyakshia (1964) found that spider mites produced 

fewer offspring when feeding on leaves treated with various EDTA metal 

complexes. 

Ulitzur and Shilo (1966) reported an LD-100 for minnows immersed in 

a 0.3 mM EDTA solution (about 80 ppm). 

Sell and Schmidt (1968) reported that concentrations in the diet of 

cabbage loopers of as low as 0.05% EDTA delayed development and caused 

developmental aberrations on occasion; at 0.5% pupation was completely 

suppressed. 

Brahmarchary et al (1968) found that 5mM EDTA stopped cleavage of 

eggs of Lymnaea (fresh-water snail) after one hour exposure. 

Noble (1970) reported that cell aggregation and change from bladder 

to filiform amebocyte in the sea cucumber was prevented by the presence 

in the water of EDTA at pH 6, but at pH 7.8 only the cell aggreation 

didn't occur. 

D. Plants 

Sussman (1954) found that ascospores of Neurospora tetrasperma 

were inhibited at the germinating stage when in the presence of 3.5 mM 

EDTA, but when dormant or only newly activated were insensitive to much 

higher concentrations. It was demonstrated that the EDTA was not 

penetrating into the spore. 



Eversole and Tatum (1956) found that different strains of an alga 

either incurred increased mutation from contact with EDTA prior to 

mating, or were unaffected. 

Shannon and Mohl (1956) found that EDTA at 800 ppm in a nutrient 

solution was toxic to bush beans after three weeks. 

Delaunay (1958) found that EDTA caused chromosome crossovers in 

spores, and seemed to stabilize chromosomes broken by x-rays. 

Marlatt (1959) studied the effect on lettuce of various metal-EDTA 

complexes applied in different ways. Yields were reduced by soil appli­

cation of 224 Kg/hectare of Ca- or ZnEDTA. Spraying the plants with 

2.3 g/l of FeEDTA burned them, and with 4.6 g/l of ZnEDTA killed some. 

Michaelis and Rieger (1963) reported that immersion of the roots 

of Vicia faba in 1 mM EDTA for 20 hours produced 3.5 times as many 

chromatid aberrations as normal. 

Baranauskai te and Rancelis (1966) soaked horse beans for 15 hours 

in 0.02 or 0.2% EDTA solutions before soil planting. At the higher con­

centration germinating ability and rate of germination were reduced. 

Tsarapkin (1966) confirmed Delaunay 's finding (above) that EDTA 

stabilized fragmented chromosomes, which can lead to increased mutation. 

Rancelis and Luksa (1967) found that chlorophyll mti.tations were 

present in the 2nd and 3rd generations of horse beans which had been 

treated with 0.02-0.2% EDTA. 

In a study of the effect of EDTA on nuclear division in Triticum 

vulgare, Retezeanu (1968) found that a concentration of 9 mM was suffi­

cient to fragment the chromosomes during anaphase and telophase. 

Matsuda (1968) found that EDTA at over 5 ppm retarded root growth 
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and decreased yield of rice plants. 

Dumitrescu and Retezeanu (1970) found that roots of Lupinus albus 

treated with 1 mM Na2EDTA suffered from nuclear fragmentation. 

Joshi and Patil (1971) treated Bryophyllum pinnatum with 0.05-20.0 

mM Na2EDTA, and then allowed C-14 labelled C02 to be incorporated in 

sunlight for one hour. Analysis of the plant for various compounds and 

amount of C-14 therein gave the results in Table XII· Plants in 20 mM 

solution died in a few days. 

TABLE m .. EFFECT 01' EDTA 0:'.11 THE DisTRIRUTION OF 
RADtO.\.CTIVITY IN DtFFERt::-:T FnAcno~s FOLLOWISG 

uco, LIGHT FIXATION 11\i LEAVES OF B. pinna/11111 

(Values of incorporation of raclioat""tivity in indidclua' com· 
pounds are t'xpressed as pern·ntai:c- of total acti,·ity counted on 
chromatograms while th<' rate o( forn.tion is cxprc;;scd as 

counts/min/mg fn·sh ti~suc) 

Compound Control EDT A- cone. 

so 1~.u 0·005.'IJ O·OtM 0·02M 
~ _., 

Sue.'\ RS 

Glucose 9·9 2·31 2·69 1-18 1·92 
Fructo~e 4·57 1·64 1·73 9·2 
Su.:rose 3·M9 43·5-f. 1·92 0·36 1·02 
Total 48·66 47·49 6·3·~ 1·5~ 12·12 

SUGAR PHOSrllATES 

Sugar diphos- 2·76 0·48 0·32 0·11 0·51 
phatl' 

Sugar 1nono- 0·6 0·64 0·76 
pho~phatc 

Pho~phocnol 2·67 1·6 0·05 1·27 
prruvatc- + 
phosphoglyccric 
acid 

Total 2·76 3·75 2·56 0·16 2·54 

AMINO AC"IOS 

Aspart:\tt'.! 13·52 2-55 1·47 0·11 2-81 
Glut.1matt• 7·71 0·91 2·56 0 15 Z·J 
f'.-\ ( inc•-scnn~ 1 ;51 2·9~ 0·5S 6·39 
Aia111nc 5·01 6·B 5·12 0·(>7 31·84 
Threonine 4·98 
LC'UCtnPS 2·8$ 1-53 0·45 17-38 
Total 26·27 14·28 18 60 1·93 (>0·72 

0RG,\NI(; AC!r>S 

C.itrat" 15·62 H>·7J 62·33 9J·Ll 9·59 
1\1.ila tc 1-52 l·r.7 0·7 I ·'J9 7-92 
Sucnnate 1·61 15·58 1 ·118 0 3.l 4-6 
Fumaratc 3-23 0 (.(1 2·24 0·11 HJ 
Total 21·98 H·M 67·JS 95·56 24·54 

lfalc of fixation 20') 220 11\9 405 27 

Reprinted with permission from Indian 
J. Ex~. Biol. 9:476-77 (1971). Copyright 
by Council on Scientific Indian Research. 
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E. Micro-organisms 

Ujiie (1959) found that at pH 6-8 EDTA was not toxic to E. coli 

over 48 hours of contact, but it did inhibit propagation. 

Nezval (1964) found that EDTA was synergistic with the bacteriocide 

Septonex against Pseudomonas aeruginosa. On a concentration basis a 

solution containing one part of Septonex to two of EDTA was ten-fold as 

effective after five minutes exposure as a solution containing only the 

same amount of Septonex. 

Patel and Shah (1965) tested the antifungal and bacterial activity of 

2% Na2EDTA against that of penicillin, streptomycin, and various chemicals 

of simpler structure. Against nine gram-positive bacteria, the EDTA was 

about 60% as effective as 5 µg/ml of the K salt of penicillin; against 

three others the EDTA was at least as effective. Against siK: gram­

negative bacteria, the EDTA was about 80% as effective as 20 µg/ml of 

streptomycin sulfate; against four others the EDTA was 100-130% as 

effective. Against 0.25% methyl paraben the EDTA was more effective in 

eleven of twelve fungi tested; against 0.5% benzoic or salicylic acid 

the EDTA was slightly more effective in eight of twelve (not the same 

eight). 

Goldschmidt et al (1967) found that the male strains of E. coli were 

far more sensitive than the female to a mixture of EDTA and Tris. 

Neu (1969) could not completely confirm Goldschmidt' s results, 

finding closer toxicity between male, female, and Hfr strains. 

Nezval and Ritzerfeld (1970) found that EDTA was synergistic with 

chloramphenicol or neomycin, but not with carbenicillin or gentamycin, 

against Pseudomonas aeruginosa. 

Russell (1971) reviewed the antibacterial activity of EDTA. 



XI. CURRENT REGULATIONS 

' No information other than the FDA limitations given in Section 

III was found. 

XII. STANDARDS 

No information was found. 
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FORMALDEHYDE RESINS 

SUMMARY AND CONCLUSIONS 

The finished products made from the thermosetting resins resulting 

from the reactions of formaldehyde with urea, melamine, or phenol are 

infusible, insoluble, hard and mar-resistant, flame-resistant, and are 

chemically inert under use-related conditions. 

The finished products made from the thermoplastic resins resulting 

from the reactions of formaldehyde or trioxane with ethylene oxide have 

high strength and rigid~ty, good electrical properties, abrasion resis­

tance, good flame resistance, and are chemically inert under use-related 

conditions. 

The expected trend in the production of the formaldehyde resins is 

upward. Some set-backs in the production and sales of the formaldehyde 

resins have been experienced because of the energy crisis and shortages 

of starting materials, and because of a decrease in demand from some 

manufacturing areas. These set-backs are considered by the plastics 

industry to be cyclical, however, and the overall trend in the manu­

facture and sales of these resins is expected to be upward. In fact, 

an annual growth rate of 6.1% per year has been predicted by the 

plastics industry, from the present time to the year 2000. 

The versatile formaldehyde resins have usually wide application 

ranges. The amino resins are used in closures and wiring devices, large 

and small appliance housings, dinnerware, buttons, ash trays, and 

utensil handles. They are used as adhesives in plywood and in lami­

nating. In textile treating, they are used for greaseproofing, water 
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repellancy, and flame retardance. In paper treating, they are used for 

improving wet strength, rub resistance, and dry tensile values. 

The acetal homopolymer is used to replace metal parts in the 

plumbing industry. It is used in truck-trailer connectors and in 

such a variety of items as furniture casters, hardward items, bodies 

of lighters, replaceable cartridges in shavers, toy components, 

telephone pushbuttons, and stereo-tape and cassette components. 

The acetal copolymer is used in automotive gears and fuel-

emission systems. It is also used to give satiny surfaces and hardness 

to pen barrels and other items where an attractive appearance is desired. 

Its dimension stability qualifies it for use in aersol containers under 

continuous pressure. 

The phenolics are used as adhesives in the wood particle board 

used in building panels and furniture, and as a water-resistant glue 

for exterior grade plywood. They are used extensively as automotive 

components in transmissions, distributor caps, coil towers, rotors, 

fuse blocks, for brake linings, clutch parts, and transmission bands. 

Because of the tremendous variety of uses that have been found 

for the formaldehyde resins, it is almost impossible to avoid daily 

contact with products which have been manufactured from them. The 

fact that there are no reports in the collected literature concerning 

toxic effects from contact with any of these products would certainly 

verify that the formaldehyde resins are physiologically inert in the 

finished state. 

They are not biodegradable, and they persist in their solid form 

under normal atmospheric conditions. 
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During resin manufacturing, however, certain starting reagents, 

fillers, and resin dusts present a real hazard to workers who are without 

adequate protection. While urea and melamine have no history of toxicity, 

nor have they been known to be a source of occupational problems, formald­

hyde, phenol, and asbestos ( a filler) are toxic. Formaldehyde is a 

sensitizing agent and a mucous membrane irritant. Phenol is highly cor­

rosive to the skin and produces severe burns. Asbestos, if introduced into 

the respiratory tract, causes emphysema and neoplasms of the lung. Gran~1 

lomas were found in the lungs of rats which had been subjected to the 

inhalation of the dust of acetal resin; granulomas were also found in tl 

subcutaneous tissue and in the peritoneal area of rats after acetal 

powders had been injected at these sites. All of the reports in the 

literature which dealt with toxic symptoms in workers were written outside 

of the United States. 

In fact, in all of the articles written in the United States concern-­

ing the safety of workers in the plastics industry, the stress was placed 

on equipment safety. This situation is about to reverse, however, 

because of the recent indictment of two chemicals which are used in 

industry, and with which carcinoma has been associated. Formaldehyde is 

directly related to one of these chemicals - chloromethyl methyl ether, 

which has been shown recently to cause malignant lung neoplasms. 

Formaldehyde in contact with hydrochloric acid will yield chloromethyl 

methyl ether. Conditions for this reaction were not stated in the cursory 

news medial report (when formaldehyde and hydrochlori~ acid are used for 

chloromethylation in the laboratory, a zinc chloride catalyst is used) . 

• 
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The question might be raised here as to whether workers in the United 

States have been well protected by clean factory operations and by com­

pliance with the emission limits which have been set for basic raw materials, 

resins, and compounds, or whether the toxic hazards have been known, but 

experience and clinical investigation are just now producing sufficient 

documentation to put the hazards into proper perspective. 
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FORMALDEHYDE RESINS 

I. PHYSICAL PROPERTIES 

A thermosetting resin is a crosslinked, polymeric material 

which has been rendered substantially infusible and insoluble by 

curing it with heat or with chemical catalysts. Urea-formaldehyde 

resins, melamine-formaldehyde resins, and phenol-formaldehyde 

resins are included in this group. 

A thermoplastic resin is a material with a linear macromolecular 

structure which will repeatedly soften when heated and harden when 

cooled. The acetal homopolymers and the acetal copolymers are inclu­

ded in this group. 

A. AMINO RESINS 

Amino resins are thermosetting condensation polymers formed in 

the reaction between formaldehyde and organic compounds which con­

tain more than one -NH2 group per molecule. Urea-formaldehyde resins 

and melamine-formaldehyde resins are the most commercially significant 

compounds of this group. 

The physical form of these reaction products may be either 

fluffy powders or dense granules. Specific fillers may be added 

to meet specific requirements. The addition of alpha cellulose, for 

instance, enhances strength, moldability, and dimensional stability. 

Alpha cellulose-filled compounds are translucent. The addition of 

this filler to urea and melamine molding compounds yields moldings 

with an attractive gloss. They are quite hard and mar-resistant. 

Molded items do not collect dust by build-up of a static electrical 
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charge and so do not require the addition of an antistatic agent. 

Both urea and melamine compounds are resistant to oils, solvents, and 

greases. They are intrinsically flame-resistant and have good elec­

trical arc resistance. They exhibity high-heat discortion temperatures, 

good strength properties, and are odorless and tasteless. 

Substitution of alpha cellulose by other fillers enhances 

specific physical or electrical properties; this is usually at the 

expense of appearance, handling properties, or molding properties, how­

ever. Wood flour, cotton fabric, asbestos, and glass fibers are al­

ternative fillers for these compounds. 

B. ACETAL RESINS 

Acetal resins are thermoplastic resins containing the following 

repeating unit: -CH2-0-. 

These resins are produced from formaldehyde or trioxane: (a cyclic 

trimer of formaldehyde), either as homopolymers of formaldehyde or as 

copolymers of trioxane with other organic compounds (e.g., ethylene 

oxide). 

High strength and rigidity, dimensional stability, and resilience 

are some properties of these compounds. Acetal homopolymers are avail­

able in a number of compositions to fit a variety of end-use require­

ments. These compositions differ primarily in melt viscosity. Mechan­

ical properties of the various grades are similar except for tensile 

elongation and impact strength. Acetal homopolymer has a t'ensile 

strength at room temperature of 10,000 p.s.i. with no true yield point 

and a flexural modulus of 410,000 p.s.i. Acetal homopolymer has out-



standing creep resistance (creep is a time-related change in dimension 

of a material under load). Its fatigue endurance at room temperature 

is 5000 p.s.i. It is resistant to organic solvents, although contact 

with strong acids or strong bases is not recommended. It has good 

abrasion and frictional resistance with hardness and resistance to 

scratching. It maintains good electrical properties under high tem­

perature and humidity exposure, after immersion in water, and on aging. 

Acetal copolymer compares with die-cast metal in its resistance 

to creep under load at elevated temperatures. It has excellent elec­

trical properties, low moisture sensitivity and high solvent and alka­

li resistance. It is attacked by oxidizing agents and acids, however. 

Samples in boiling water retain nearly original tensile strength for 

six months, but for maximum long-term continuous use, the recommended 

temperature in water is 1800 F. 

C. PHENOLIC RESINS 

Phenol and aqueous formaldehyde are reacted in the presence of 

alkaline or acid catalysts to produce both liquid and rigid resins 

(the phenol-formaldehyde resins). These have excellent dimensional 

stability, heat resistance which is superior to most other thermo­

setting materials, high heat-deflection temperature, outstanding creep 

resistance, and good flame resistance. Almost all phenolics for 

years have been rated nonburning according to ASTM D635. More recently, 

certain phenolics received formal self-extinguishing Group I ratings 

according to Underwriters Laboratory Bulletin 94. A further 

discussion of flammability ratings is given in Section XII, B, 

General purpose materials with wood flour as the main filler are 

used im most applications where the basic property profile of phenolics 



is adequate. Where higher heat-resistance is required, the wood 

flour is replaced by mineral-filled compotmds (such as asbestos) . 

D. VINAL FIBERS 

Fibers based on the reaction product of polyvinyl alcohol and 

formaldehyde are known as vinal, vinylon, or PVA fibers. Fabrics 

made from these fibers have a cotton-like feel. They are strong, 

abrasion resistant and moisture-absorbent, and are quick-drying and 

inexpensive. However, they cannot be dyed in bright colors, they 

are susceptible to shrinkage, and they cannot be heat-set. Vinal 

fabrics soil easily, have poor elasticity, and wrinkle readily. It 

is for these reasons that vinal has not been successful as an apparel 

fiber. However, it has industrial applications because of its high 

strength, durability, and resistance to weathering, heat, and abrasion. 

The fibers have excellent adhesion to plastics, usually without the 

need for coupling agents. They are light-weight with a derrsity of 

1.25. They do not break under high pressure and shear of injection 

molding (Modern Plastics Encyclopedia, 1973-74; Chemical Economics 

Handbooi;). 

II. PRODUCTION 

A. AMINO RESINS 

Soma of the leading manufacturers of amino-formaldehyde resins in 

the United States are Anerican Cyanamid Co. (Cymel, Urac, Melurac); 

Allied Chemical Corp. (Plaskon); Rohm and Haas Co. (Uformlte, Phonite), 

and Borden Chemical Co. (Casco). 
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The following production figures have been calculated from data 

reported by several sources. 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

ESTIMATED PRODUCTION FIGURES 
(Metric Tons) 

UREA RESINS MELAMINE RESINS 

190 ,000 69,000 

225,000 78,000 

250,000 95,000 

234,000 97 ,000 

315 ,000 94,000 

343,000 95,500 

321,000 117' 700 

In 1971, urea and melamine sales increased by about 15% 

over 1970. Their combined sales again increased by 15% in 1972. 

The sales figures for 1973 show an increase of 13% over 1972, which 

is a 2% drop from the previous year's growth rate. Further production 

figures for urea-formaldehyde resins and melamine-formaldehyde resins, 

based on consumption and applications, are included in Section III, 

USES. 

B. ACETAL RESINS 

Acetal resins are produced in the United States by two companies: 

Celanese Corporation, Celanese Plastics Company Division, Bishop, 

Texas; and E. I. duPont de Nemours and Company, Inc., Plastics Depart-

ment, Parkersburg, West Virginia, according to Chemical Economics 

Handbook. 

The trade name of the Celanese product is Celcon, which is an acetal 

copolymer. Plant capacity was estimated at about 70 million pounds 

per year in mid-1971. 
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The trade name of the duPont product is Delrin, which is an 

acetal homopolymer produced in several grades. Plant capacity was 

estimated at about 55 million pounds per year in mid-1971. 

Since there are only two producers, separate data on the U.S. pro-

duction of acetal resins have not been published by the U .s .. Tariff Com-

mission. The following estimated production figures are based on 

consumption estimates made by trade sources. 

ACETAL RESIN PRODUCTION (ESTIMATED) 
(Metric Tons) 

1965 20 ,000 

1966 26,000 

1967 28,000 

1968 33,500 

1969 38,900 

1970 39,000 

In 1971, acetal resin sales increased 10% over 1970 sales. The 

1972 sales increased 11.5% over 1971, and the 1973 sales attained a 

record advance of 18.5% over 1972. 

Additional statistics for the acetal resins, based on consumption 

and applications, are given in Section III, USES. 

C. PHENOLIC RESINS 

Among the manufacturers of phenol-formaldehyde resins in the 

United States are Ashland Chemical Co. (Arofene, Arochem, Arotap), 

Borden Chemical Co., Clark Oil and Refining Corp., Firestone Tire and 

Rubber Co., Formica Corp., General Electric Co., Hooker Che~mical Co., 

Rohm and Haas Co., Westinghouse Electric Corp., Union Carbide Corp. 

(Bakelite), and Monsanto Co. (PF-535; Resinox 517). 



PHENOL-FORMALDEHYDE RESINS PRODUCTION (ESTIMATED) 
(Metric Tons) 

1962 263,400 

1963 284,000 

1964 322,200 

1965 356,600 

1966 405,900 

1967 384,000 

1968 432,200 

1969 464' 800 

1970 462,200 

1974 212 (preliminary 
figures, May) 

In 1971, the sales of phenol-formaldehyde resins remained on a 

level with 1970. In 1972, new molding techniques led to an increase 

in the sales of phenolics of 30% over 1971; the greatest growth was 

in the field of appliances. Phenolics showed only a 0.4% gain in 

1973 over 1972, attributable to a major drop in the plywood market. 

Additional data on the production of phenolics is given in Section 

III, USES. 

D. VINAL FIBERS 

Vinal fibers are not produced in the United States. Approximately 

103 metric tons were consumed in 1970, all of which were imported. 



III. USES 

A. AMINO RESINS 

The properties of the alpha cellulose-filled urea molding materi­

als qualify them for use in closures, wiring devices, electric blanket 

controls, toilet seats, stove and refrigeration hardware, knobs, 

buttons, and electric appliance housings. The closure applications 

(both straight-wall and reverse-taper types) and wiring devices 

(switchplates, toggles, receptacles) predominate. Allied Chemical 

Company's Plaskon is a typical urea resin recommended for these 

applications. 

Alpha cellulose-filled molding compounds are used to form dinner­

ware, buttons, ash trays, utensil handles, electric shavers and housings. 

American Cyanamid Company's Cymel 1077 (a melamine-formaldehyde 

resin) is a representative of this group of resins. 

Adhesives are manufactured from both urea and melamine resins, but 

the bulk of these are urea-formaldehyde resins. The melamine adhe­

sives are superior to urea adhesives in water resistance and weathering, 

giving boil-resistant bonds. 

As laminates , the melamine resins offer superior hardness and 

wear resistance; in industrial laminates their added advantages are 

flame, arc, and heat resistance. Sone of the applications are in the 

manufacture of tabletops, countertops, and wall paneling. 

The amino resins are used in textile-treating i11 creaseproofing, 

s~rinkage control, stiffening, water repellency, and flame retardance. 

In paper treating, the amino resins improve wet strength, 

burst strength, rub resistance, and dry tensile values. 
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Alkylated methylolureas and methylolmelamines are extensively 

used with alkyl resins in baking enamels for greater hardness, mar and 

chemical resistance, and durability (Modern Plastics E;ncyc;lop,edia, 

197 3-74) . 

Following are consumption statistics for urea and melamine resins 

in metric tons: 

Urea Resins 

Closures 

Electrical devices 

Melamine Resins 

Buttons 

Dinnerware 

Sanitaryware 

Collective statistics 

Bonding and adhesive resins 

for: 

Fibrous and granulated wood 

Laminating 

Plywood 

Paper treating and coating 

Protective coatings 

Textile coating and treating 

B. ACETAL RESINS 

1971 

6,900 

11,400 

900 

19' 100 

199 ,000 

22,000 

31,000 

14,000 

19 ,000 

23~000 

1972 1973 

6,800 7,900 

10 ,900 12,600 

800 900 

18,200 19, 100 

500 600 

232,000 262,000 

24,000 24,000 

40,000 40 ,000 

16 ,000 22,000 

28,000 33,000 

23,000 26,000 

The properties of the acetal homopolymer makes it suitable for 

use in the plumbing industry in shower heads, valves, and fittings, 

replacing brass and zinc parts. It is used in truck-trailer connectors 

and furniture casters. Handles and other hardware items are formed 

from the homopolymer, as are the bodies of lighters, replaceable cartrid­

ges in shavers, toy components, telephone pushbuttons, lawn sprinklers, 
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stero-tape cartridge and cassette components. 

The acetal copolymer is used in automotive components such as 

gears and fuel-emission systems. Since it is noncorrosive in long-term 

hot-water exposure and can be used with metals, it finds application 

in the plumbing industry. Its creep resistance qualifies it for use 

in aerosol containers under continuous pressure. It is used to form 

pen barrels and other components where satiny surfaces, hardness, and 

stain resistance give added value and better appearance (Mod~m Plastics 

En.cyclo,P.edia, 1973-74) • 

Following are consumption statistics for the acetal resins in 

metric tons: 

1971 1972 1973 

Appliances 4,820 5,600 5 ,900 

Consumer products 3,090 3,500 3,800 

Electrical/electronics 1,910 2,100 2,500 

Machinery parts 2,550 2,800 3,900 

Plumbing and hardware 2,550 2, 800 4,000 

Sheet, rod, tube 1,320 1,500 1,800 

Transportation 6,050 5,700 6,500 

The phenol-formaldehyde resins are used in power-brake and auto-

matic transmission components, distributor caps, coil towers, rotors, 

fuse blocks, and connectors. They are used to bond friction materials 

for automotive brake linings, clutch parts, and transmission bands. 

They serve as binders for wood particle board in building panels and 

furniture, as water-resistant glue for exterior grade plywood, and as 

the bonding agent in acoustical and thermal insulation pads. 



Following are consumption statistics for the phenol-formaldehyde 

resins in metric tons: 

Bonding and adhesive resins for: 

Coated and bonded abrasives 

Fibrous and granulated wood 

Friction materials 

Foundry and shell moldings 

Insulating materials 

Laminating 

Building 

Electrical/electronics 

Furniture 

Plywood 

Protective coatings 

Molding compounds 

Appliances 

Business machines 

Closures 

Electrical controls and 

switches 

Telephones 

Wiring devices 

Housewares 

Utensils and handles 

Machine parts 

Transportation 

1971 

8,000 

30,000 

14,000 

39,000 

88,000 

31,500 

7,000 

12,000 

152 ,000 

10 ,000 

17,500 

4,400 

9 ,100 

40,400 

9,800 

15 ,600 

11,200 

4,000 

1972 

9' 100 

40 ,000 

13 ,400 

43,600 

107 ,000 

26 ,100 

7,300 

16,000 

163 ,000 

9,600 

31, 800 

6 ,100 

4,500 

56,000 

9,300 

15 ,900 

14 ,300 

4,800 

27,700 

1973 

11,200 

42,000 

14,700 

50,000 

112 ,000 

26,200 

7,300 

17,000 

125 ,000 

10, 100 

41,400 

6 ,800 

4,100 

61,000 

9,500 

16 ,300 

14 '700 

5 ,100 

30,270 

A very successful use for the vinal (PVA) fibers is in injection 

molded rail-tie rets.iners in Japan. PVA polyester laminate is also 

being used in greenhouse glazing. PVA cloth and mat are used as sur-

facing veils to improve impact strength, weatherability, and abrasion 

resistance. 
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The major uses for the vinal fibers in the United States are found 

in the manufacture of chemical lace and paper. Consideration is being 

given to using vinal fibers as tire cord material. 

The estimated consumption of the vinal fibers in the United States 

is 226,000 lbs. annually, all of which is imported. 

A. TRENDS 

In 1973 urea and melamine rose 13%, a drop of 2% from the previous 

year's growth rate, principally due to two factors: demand for plywood, 

a market for urea bonding, fell considerably, which resulted in a 

urea-in-plywood total over 1000 tons lower than in the year before. The 

short supply of phenolics (purchasers turned to urea) kept the figures 

from becoming even le.Mer. Expected large growth in melamine molding 

powders for dinnerware did not materialize; consumption was at the 1972 

level. 

Bonding and adhesive resins for fibrous and granulated wood have 

continued to be big market performers. 

The acetals experienced a growth rate of 18.5% over 1972. Plumbing 

and machinery parts predominated. New uses included one-pi.ece tape 

spools and aerosol containers. 

CBS Records designed the one-piece tape spool for its Mark 2 

eight-track tape cartridges to replace a two-piece polysty:rene/acetal 

assembly with a one-piece part molded of Delrin (duPont) homopolymer. 

The phenolics showed a gain of 0.4% over 1972. Their 11.3% increase 

in molding powders and advances in bonding and adhesive resins were 

offset by a major drop in the plywood sector. Molding powders were in 
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brisk demand for appliances, electrical/electronics, housewares and 

machine parts. Closures yielded to thermoplastics. Suppliers see a 

distinct trend to greater use for injection over transfer and compres­

sion. In other areas demand for phenolic resins for abrasive, friction, 

and foundry applications was up about 15%, reflecting activity by such 

major steel users as the automotive industry (Modern Plastics, 1974; 1). 

Century growth figures have been projected (in metric tons) as: 

from 362,000 metric tons produced in 1971, the production rate of urea 

and melamine resins will reach 2,000,000 metric tons in the year 2000, 

with an annual growth rate of 6.1%. 

The phenolic resins will increase in production from 541,000 

metric tons in 1971 to 3,000,000 metric tons in the year 2000, with an 

annual growth rate of 6.1% (Modern Plastics, 1973; 7). 

IV. CURRENT PRACTICE 

There are no particular problems in the storage, transport, or 

handling of the formaldehyde resins; the completely polymerized finished 

resins are physiologically inert, non-toxic materials. 

The problems lie in the manufacturing and in the disposal of 

these resins. Most of the starting reagents are toxic and must be 

carefully handled. The finished products contain nitrogen, and the 

combustion by-products produced by high-temperature incineration often 

are more noxious than the plasticizers. The combustion products are 

given in Section V, ENVIRONMENTAL CONTAMINATION. 

441 



V. ENVIRONMENTAL CONTAMINATION 

Environmental contamination by the formaldehyde resins occurs both 

during manufacturing processes and during disposal processes. 

While the completely polymerized finished plastics are derma­

tologically inert, most of the starting products are highly irrita­

ting to the skin and mucous membranes. Where careful precautions are 

not used, resin dusts easily contaminate the air in workshops and 

might possibly be carried from there into the atmosphere. In certain 

media, small amounts of formaldehyde can be released and can then 

oxidize and result in formic acid, a highly caustic and toxic. compound. 

Formaldehyde, cresylics, and phenols are present in the waste 

water from phenolic resin production. In the impregnation of paper 

with phenolic resin, lCM molecular weight resin is driven off during 

the impregnation and during the curing process in treater ovens. With 

less than perfect precautionary measures, both water pollution and air 

pollution will occur from these sources. 

The thermo-oxidative destruction of the formaldehyde rei~ins results 

in volatile toxic products. In the combustion of phenol-formaldehyde 

resins, water and formaldehyde are released at temperatures below 

400°C; carbon monoxide, carbon dioxide, benzaldehyde, benzene, toluene, 

methane, phenol, and phenolic derivatives are released at temperatures 

between 400°C and 600°C; and carbon monoxide and hydrogen are released 

at temperatures above 600°C (Dotreppe-Grisard, 1968) • 

During the combustion of melamine-formaldehyde resins and urea­

formaldehyde resins, the following products result: hydrogen, methane, 

acetylene, ethene, ethane, propylene, propane, butene, butane, 
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methyl alcohol, ethyl alcohol, acetone, acetic acid, furan, formal­

dehyde, methylfur~, dimethylfuran, benzene, toluene, carbon monoxide, 

carbon dioxide, ammonia, and cyanic acid (Hiramatsu, 1967). 

An air purifying device for smokestack mounting has been developed 

by Marks Polarized Corp., Whitestone, N.Y. (U.S. Pats. 3,503,704 

and 3,520,662). Polluted air is passed through an aerosol composed 

of charged water droplets. The device removes 99% of suspended 

particles, noxious gases, and other plastics combustion products 

(Anon. , 19 70 ; 1) 

Three Japanese manufacturers have offered solutions to air pollu­

tion from plastics manufacture. Takuma Boiler Manufacturing Co. has 

designed an incinerator capable of burning several different types of 

plastics simultaneously, without emitting any polluting gases. This 

incinerator can handle 100 metric tons/day. 

Okumura Kikai's model is smokeless within three minutes after 

firing. Forced compressed air allows the furnace to be fired without 

a starter. While a variety of plastics can be burned, only one type 

of resin can be destroyed in a single load. 

Takuma's model burns pulverized plastics at 300°C. The gases given 

off are automatically passed into a second furnace and burned at 1000°C. 

Then the load is passed through a heat exchanger and then through a dust 

collector. 'lll.e remaining waste is collected in a smokestack 

(Anon., 19 70; 2) • 

A large processing line installed at the Narmco Materials Div. of 

Whittaker Corp., Anaheim, Calif. converts its own pollutants into a 

source of energy for heating and air conditioning. This company pro-
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cesses glass fabrics impregnated with epoxy or phenolic adhesives. 

The therm:isetting resin systems allow solvents to evaporate during 

heating. The fumes are drawn out of the oven and piped to the incin­

erator section of the heating system, where they are mixed with natural 

gas and burned. The intense heat of combustion produces steam in 

the boiler section of the system, and the steam is piped back to heat 

the air from the curing oven. These fumes provided 20% of the fuel 

required for process heat and plant air conditioning. 

Emissions consist of carbon dioxide and fall within safety limits 

established by the Air Pollution Control District (Hauck, 1971, 1). 

At the Spaulding Fibre Co., Tonawanda, N .Y., a closed-loop 

system is used to incinerate all wastes from plastics manufacturing. 

The resultant heat is then used to generate steam which powers the 

plant. Spaulding produces high-pressure laminates, basic phenolic 

resin, and paper (Anon. 1971; 1) . 

A toolding machine that can process 100% of scrap regrind has been 

developed by Werner and Pfleiderer Corp., Waldwick, N.J. The machine 

(Remaker) will handle film scrap directly, without grinding or other 

intermediate conditioning. Virtually any type of thermoplastic 

reportedly can be molded by this method (Hauck, 1971; 2) . 

VI. MONITORING AND ANALYSIS 

A. A.ill.NO RESINS 

The urea-formaldehyde resin content of paper can be measured 

in the 0.3% to 3% range by differential infrared spcctronetry (Wise 

and Smith, 1967). Standards are prepared by adding a known volume 
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of standard solution to a paper of known weight and calculating the 

resin added. 

Any contaminants present are removed from the paper test sample 

by successive extractions with carbon tetrachloride and methyl 

ethyl ketone, using a Soxhlet apparatus. The paper is then placed in a 

beaker of acidulated ethanol (4 cc of hydrochloric acid per liter), 

heated to just bel0\<7 the boiling point, and decanted after one-half 

hour. This process is repeated until the supernatant liquid is 

colorless. Hot water is used as a final extractant. The specimen 

is air-dried and then oven-dried at 105°C for one-half hour. This 

extraction procedure causes no detectable change in the urea-formalde­

hyde resin content of the paper, as measured at 6.05µ. 

A 1:1 blend of polybromotrifluoroethylene and tetrachloroethy­

lene is used as a coating liquid for both the standard sample and the 

test sample. The thickness of both of these specimens should corres­

pond to 0.002 to 0.005 g/cm3 to permit accurate measurement of the 

aliphatic carbon-hydrogen stretching band at 3.4µ (the internal 

standard). The coating liquid must be equal, in amount and in thick­

ness, on both the sample and the standard specimens. 

The specimens are mounted between sodium chloride plates. The 

spectrometer is operated at the highest progranmed slit width of 1000 

to provide a high signal/noise ratio. 

Whenever the amount of urea resin is as high as 0.5%, it is 

possible to identify the resin by the presence of both major amide 

bands at 6.05 and 6.4µ. 

Melamine resins in wet-strength papers can be detected and 



estimated by ultraviolet spectrophotometry (Hirt, King, and Schmitt, 

1954) . 

The cut-up paper samples are refluxed in 0 .1 N hydrochloric acid 

to extract and hydrolyze the resin to the melaminium ion which is 

then measured spectrophotometrically. Melamine has a strong absorp­

tion near 235 mµ. This maximum, which is achieved in hydrochloric 

acid, becomes a slight shoulder in neutral or alkaline medium, thereby 

confirming the presence of melamine. If no band near 235 mµ is ob­

served in hydrochloric acid, the presence of melamine can not: be 

reported. 

Braun and Jung (1970) present a simple method for differentiating 

between urea-formaldehyde and melamine-formaldehyde resins when both 

are present in a test resin sample. The test material is hydrolysed 

in concentrated hydrochloric acid by heating the mixture to the boiling 

point. An aliquot of the hydrolysate is made alkaline with dilute 

sodium hydroxide, and a drop of sodium hypochlorite is added. In 

the presence of a urea-formaldehyde condensate, the solution remains 

colorless at this point, while carbon dioxide is generated; a 

melamine-formaldehyde condensate gives a white precipitate. The 

precipitate is filtered and a drop of sodium hypochlorite is added. 

A yellow to orange color developing within thirty minutes is indica­

tive of the presence of melamine. 

To another aliquot of the hydrolysate, freshly prepared furfurol 

reagent is added (5 drops of pure, freshly distilled furfurol, 2 ml 

of acetone, 1 ml of concentrated hydrochloric acid, and 2 ml of water) . 

The presence of a urea-formaldehyde condensate is indicated by the 
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development of a yellow to red color; the presence of melamine has 

no effect. 

These same authors also describe a thin-layer chromatographic method 

for distinguishing between urea-formaldehyde and melamine-formaldehyde 

resins. The test sample is hydrolysed in 1 N sulfuric acid for two 

hours in a boiling water bath, after which any unhydrolysed portion is 

filtered out. The formaldehyde formed is distilled off until no 

further reaction is given between the distillate and carbazol/sulfuric 

acid. The pH of the test mixture is then adjusted to 6.5 with diluted 

barium hydroxide, and the precipitate is centrifuged out. Varying 

amounts of the solution, from 3.0 µL are applied to thin-layer plates, 

and the results are compared with control samples. 

The following Rf values are given when 3 µL of test solution 

is applied, using a 15 cm path: 

Solvents 

Pyridine:Benzene:Water 

Acetonitrile:petroleum ether:carbon tetrachloride: 

tetrahydrofuran: formic acid:water ( 80: 10: 10: 10: 4: 

10) 

Acetonitrile:chloroform:benzene:methyl alcohol: 

water (20:50:30:40:10) 

Pyridine:benzene:acetonitrole:water (50:50:30:10) 

Pyridine:benzene:acetonitrile:water (50:50:30:5) 

Pyridine:benzene:acetonitrile:water (50:80:60:5) 

Acetonitrile 

Melamine 

0.20 

0.52 

0.31 

0 .44 

0 .12 

0.23 

0.00 

Urea 

0.27 

0.69 

0.39 

0.57 

0.20 

0 .36 

0.03 

Reprinted with permission from Gummi. Asbest. Kunstat. 23(6), 618, 
620, 622, (Ger), (1970). Copyright by A.W. Gentner Verlag. 

The free formaldehyde present in urea-formaldehyde foams can be 

determined by the method of Ardelt and Opel (1962). A foam sample, 

10 x 10 x 5 cm, is crumbled wider 1600 ml of water and kept for thirty 
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minutes. A 50 ml aliquot of the supernatant solution is transferred 

to a 100 ml volumetric flask containing 10 ml of N sodium hydroxide. 

The formaldehyde is then determined polarographically under nitrogen. 

The usual adjuncts of the foam do not interfere. 

The formaldehyde present in textiles which have been treated with 

either urea-formaldehyde resin or malamine-formaldehyde resin can 

be determined by first extracting 36 cm2 of material with 250 ml of 

water for 24 hours at room temperature. Two ml of sulfuric acid 

and a 0.5% soulution of the sodium salt of chromotropic acid is added 

to 2 m! of the extract. The mixture is then heated and held at a 

temperature of l00°c for 15 minutes. After 30 minutes, the absorbance 

is measured at 575 mµ. The precision is 2 µg (Vankos, Borza, and 

Palfi, 1967). 

B. ACETAL RES INS 

No analytical techniques for the acetal resins were found in the 

literature collected for this study. 

C. PHENOLIC RESINS 

The phenolic content of resins of unknown origin can be estimated 

by a modification of the nitrous acid test for free phenols, '~hich 

produces a yellow color that is specific and is colorimetrica.Lly 

applicable (Swann and Weil, 1956). 

A small sample of resin, varnish, or enamel vehicle is weighed, 

dissolved in n-butyl acetate, and diluted to definite volume. An 

aliquot of the resulting solution, estimated to contain not more than 



6 mg of phenolic resin, is transferred to a 250 ml Erlenmeyer flask. 

Butyl acetate is added to bring the total volume to 40 ml. Ten ml of 

10:1 sulfuric acid (3.6 N) is added, followed by 2 ml of a freshly 

prepared 10% aqueous solution of sodium nitrite. The flask is vented 

and placed in a 70°C water bath for one hour, during which time 

gentle agitation is applied. The sample is then cooled and transferred 

to a separatory funnel with water. The solvent layer is washed twice 

with water. After the final water layer is removed, the solvent layer 

is filtered into a 50 ml volumetric flask and diluted to volume. 

Colorimetric comparison is made at 425 mµ, against a blank cell of 

water. The phenolic resin content of the sample is determined from 

a calibration chart plotted from the results of tests on known 

standards. 

A rapid gas-chromatographic method for determining phenol­

formaldehyde resin in plywood adhesives was developed by Stevens and 

Percival (1964). A dual gas chromatograph is used. Column A is 

copper tubing, twelve feet in length and one-fourth of an inch in 

diameter, packed with silicone SF-96 (for phenol). Column B is 

copper tubing, sixteen feet in length and one-fourth of an inch in 

diameter, packed with 10% sucrose octoacetate on Teflon 6 (for 

formaldehyde). The operating conditions are: detection cell, 250°C; 

d.c. current, 200 ma; injection temperature, 250°C; column temperature, 

130°C; and helium flow rate at 60 p.s.i.g., 120 ml per minute through 

column A and 59 ml per minute through column B. 

The phenolic plywood adhesives can be diluted with water and injec­

ted directly into column B for formaldehyde analysis; this, however, 
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causes plugging of the injector and other mechanical difficulties. 

To preclude these difficulties, the resin solids are precipitated 

by neutralizing with acid and the aqueous solution is injected. 

Ten grams of resin are weighed out, together with the internal 

standards: 1-butanol for formaldehyde and m-cresol for phenol. The 

sample is then diluted with approximately equal volumes of water and 

divided into two fractions. For formaldehyde analysis, one fraction 

is acidified with concentrated hydrochloric acid or sulfuric acid with 

vigorous stirring. The resin solids are then filtered off, leaving 

the aqueous solution for injection into column B. Ten ml of ether is 

added to the solid fraction, and the mixture is stirred vigorously while 

slowly adding acid. When neutralization is complete, the syringe is 

filled from the ether layer for injection into column A. 

The peaks are read on a Leeds and Northrup Speedomax Type G 

Recorder. 

The application of pyrolysis gas chromatography to the analysis 

of phenol-formaldehyde resins is reported by Zulaica and Guiochon 

(1966). The samples used (O .1-0 .5 mg) were in the form most conveni­

ently obtained: powder of resols or irregular fragments oE resite. 

The pyrolysis is carried out at temperatures between '700 and 

750°C in a conventional platinum coil. The experiments art~ carried out 

on a Perkin Elzoor 116 instrument under the following conditions: 

the column is nine meters long and four mm in diam=ter, packed with 

4% tri(2,4-xylenyl)phosphate on Chromosorb P (250-315 µ). The working 

temperature is 180°C. 

The pyrolysis products are detected on a katharometer. 
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VII. CHEMICAL REACTIVITY 

1b.e formaldehyde resins, infusible and chemically inert in the 

finished state, tmdergo no transformations under normal, use-related 

conditions . 

1b.e amino resins are intrinsically flame-resistant and have 

outstanding resistance to chemical solvents. 1b.e acetal resins are 

unusual among thermoplastics in their resistance to organic solvents, 

but they are subject to attack by strong acids and strong bases. 

1b.e phenolic resins are considered to be nonburning materials which 

are unaffected by most chemicals • 

However, the formaldehyde resins are organic materials and all 

organic materials will undergo combustion when the proper conditions 

are met. 1b.e main pyrolysis products of these resins are listed in 

Section V, ENVIRONMENTAL CONTAMINATION. 
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VIII. BIOLOGY 

A. Absorption 

The physical state of the finished formaldehyde resin products would 

preclude their entry into a living system. The starting products and 

the pyrolysis degradation products, however, are absorbable. 

The primary candidate for absorption through the respiratory tract 

would be formaldehyde itself, a flannnable, colorless gas at room tem­

perature. Volkova and Sidorova (1971) found formaldehyde in the blood 

of 100 workers in an amino resins manufacturing plant. Eighteen hours 

after leaving the contaminated area, no formaldehyde was detected in the 

blood of these workers. 

Although no cases of dust inhalation with sequela by workers are 

reported in the literature collected, this occurrance is a distinct 

possibility. Six months after a single inhalation of the dust of 

acetal resins, morphological changes were apparent in the lungs of 

experimental rats (Kochetkova, Vasil'eva, Promyslova, and Sergeev, 

1971). 

Carbon monoxide and carbon dioxide, both toxic, are the ultimate 

pyrolysis products of all plastics. The urea resins and the melamine 

resins give off annnonia as a degradation product. Since these three 

products are gases, they can be absorbed through the respiratory tract. 

Accidental ingestion of formaldehyde resins would be unlikely. 

The Food and Drug Administration (Anon., 1964) has approved the use of 

melamine-formaldehyde resins for use in dinnerware. Since these resins 

are hard, mar-resistant, and resistant to oils, solvents, and 

greases, contamination of food from contact with these resins :Ls most 
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improbable. Phenol-formaldehyde resins have been approved for use as a 

food-contact surface of molded articles intended for repeated use in 

contact with nonacid foods of pH above 5.0 (Anon., 1966). 

B. EXCRETION/ELMINATION 

Urea-formaldehyde resin and phenol-formaldehyde resin were excreted 

without effect, following the administration of 5 gm/kg into the diges-

tive tracts of rabbits and rats (Galibin, 1963) . 

No acetal resin particles were found in the lungs of rats which 

had been subjected to resin-dust inhalation for twenty-nine days. It 

was assumed that the dust particles were caught in the mucous of the 

respiratory tract and were excreted when the mucous was discharged 

(Kopecny, Cerny, and Ambroz, 1968). 

C. TRANSPORT Al.~D DISTRIBUTION 

Kopecny, Cerny, and Ambroz (1968) carried out toxicity studies on 

rats by administering the dust of acetal resins by inhalation, by 

subcutaneously injections, and by intraperitoneal injections. These 

authors did no transport and distribution studies, but stated that 

this work should be done, in reference to organs of deposition of the 

acetal powder following its injection into living systems. 

D. METABOLISM AND METABOLIC EFFECTS 

No metabolic studies were reported in the literature collected. 

However, the granuloma formation consequent to the injection of certain 

formaldehyde resins into experimental animals would indicate that these . . 

resins are not metabolized, but are phagocytized. Granulomas were 

found in the lungs of rats which had inhaled the dust of acetal resins 

(Kochetkova, Vasil'eva, Promyslova, and Sergeev, 1971) and granulomas 
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were found in the subcutaneous tissue and in the peritoneal region of 

rats after acetal resin powder had been injected at these sites 

(Kopecny, Cerny, and Ambroz, 1968). 

IX. ENVIRONMENTAL TRANSPORT AND FATE 

A. PERSISTENCE AND/OR DEGRADATION 

Finished products constructed of formaldehyde resins persevere in 

the environirent. They are fla~-resistant, resistant to most chemicals, 

and resistant to wear. Therefore, they are not subject to degradation 

under normal, use-related conditions. 

However, when the right conditions are present, these resins will 

undergo combustion, as will all organic materials. The resultant com­

bustion products are listed in Section V, ENVIRONMENTAL CONTAMINATION. 

B. ENVIRONMENTAL TRANSPORT 

The treirendous utility of the formaldehyde resins would indicate 

the degree to which materials constructed from these resins are en­

countered daily. 

Environmental concern, however, should be directed to the transport 

of the starting products, to the dusts formed during manufacturing, 

and to the decomposition products which are released on combustion of 

these resins. These subjects are discussed in Section V, ENVIRONMENTAL 

CONTAMINATION. 

C. BIOACCUMULATIO~ 

Slensky and Horn (1971) studied a group of twenty-four workers 

who had been exposed to the dust released during the processing of 40% 

phenol-formaldehyde resin with 60% glass fiber. Some subjective 
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signs of the effect of this substance on the skin and respiratory mucosa 

were noted, but without signs of actual damage. These authors concluded 

that the short time-span of exposure of the workers (4-12 months) pre­

cluded definitive results, and stated that further work must be done. 

The incidence of granuloma formation in experimental animals 

would indicate bioaccumulation of dusts and powders of formaldehyde 

resins. Granulomas were found in the lungs of rats who had been 

subjected to the inhalation of the dust of acetal resins. Granulomas 

were also found in the subcutaneous tissue and in the peritoneal 

region of rats after acetal powders had been injected at these cites 

(Kochetkova, Vasil'eva, Promyslova, and Sergeev, 1971; Kopecny, Cerny, 

and Ambroz, 1968). 

X. TOXICITY 

A. HUMAN TOXICITY 

Every individual has daily contact with the myriad of products 

which are manufactured from the formaldehyde resins, yet there is no 

instance reported in the literature collected of any physiological re­

action resulting from contact with a finished product. It is the contact 

between workers and the starting products used, the vapors and dusts 

formed during the manufacturing process, or those intermediate, un­

finished products which might contain free formaldehyde or phenol that 

is the primary source of toxicity to humans from these resins. 

Formaldehyde, a colorless gas which is intensely irritating to 

the mucosa and is a sensitizing agent, can be inhaled or can contact 

the skin directly in either the gaseous or the dissolved states. Phenol 

is a compound which is highly corrosive to the skin. and which, in 
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concentrated form, produces severe skin burns on contact. Urea and 

rrelamine are not toxic and the dermatitis encountered in the manufacture 

of resins containing these compounds is probably due to formaldehyde 

or to other components. 

1. Inhalation 

Formaldehyde was detected in the blood of 100 workers who were 

engaged in the manufacture of urea-formaldehyde resins. There was a 

direct correlation between the concentration of formaldehyde in the 

air and its level in the blood of the workers. The formaldehyde was 

detectable in the blood within fifteen to seventy minutes after the 

work began, and disappeared from the blood within eighteen hours after 

the workers left the contaminated areas. No toxic effects from this 

inhalation were reported (Volkova and Sidorova, 1971). 

An increased incidence of illnesses was found among 103 workers 

in a plant producing asbestos-filled phenol-formaldehyde rei:dn, in 

comparison with the incidence of illnesses among workers engaged in 

another type of production. The most collUll.on complaints were chest 

pains, headaches, and skin rashes. Chronic rhinitis was found in 

fourteen workers and pneumonia was discovered in three workers. These 

persons had been exposed for seven years to the vapors of phenol and 

of formaldehyde and to dust concentrations up to 132 mg/m3 (Troitskii, 

Kuz'minykh, Andreeva, and Bunimovich, 1970). 

2. Skin Contact 

Dueva (1966) established a direct relationship between the sensi-

tizing effects of urea-formaldehyde resins on the skin of workers and 

the amount of residual free formaldehyde contained in the ·resins. 

Contact eczema attributable to n:elamine resin which had been in-

corporated into surgical bandages affected four nurses who had handled 

from two to fifteen bandages daily for a period of two weeks to five 
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months. One patient on whom this type of bandage had been applied 

also showed symptoms of eczema. After the skin eruptions had healed, 

cutaneous tests showed sensitivity to melamine resin, but no sensi­

tivity to formaldehyde itself (Loechel, Lenz, and Herter, 1971). 

Severe, vesicular, and exudative dermatitis occurred in six pa­

tients after receiving orthopedic casts which were reinforced with 

melamine-formaldehyde resin. The casts contained 10% of the melamine 

resin (0.01 to 0.3% of free formaldehyde). Patch tests proved that 

these patients were sensitive to formaldehyde (Logan and Perry, 1973). 

Among forty-five workers who were exposed to bakelite powder 

(phenol-formaldehyde resin), 13% showed eczematous skin lesions accom­

panied by intesne itching in the areas in contact with the bakelite 

dust. The skin lesions were attributed to the resin dust in the air 

settling on exposed surfaces of skin. No symptoms from the inhalation 

of this dust are reported (Spalinska, 1971). 

In a bakelite molding facility, twelve of the eighty persons 

employed contracted dermatitis within a four-year period. The lesions 

appeared as localized erythemotous papules. After the affected indi­

viduals were moved to work areas removed from the contaminated areas, 

the lesions regressed (Bresson, Bertholon, and Girard, 1972). 

B. TOXICITY TO NON-HUMAN MAMMALS 

1. Acute, Subacute, and Chronic Toxicity 

The toxicity of urea-formaldehyde resin and phenol-formaldehyde 

resin was studied in rabbits and rats. Administration into the diges­

tive tract of 5 gm/kg had no toxic effects. Cutaneous applications 

of these resins were also without sequel (Galibin, 1963). 
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Dust generated in the manufacturing of products consisting of 40% 

phenol-formaldehyde resin and 60% glass fiber was injected intratracheally 

into rats (75 mg/rat). After 11 months the larger amount of the dust 

had been eliminated. A negligible amount of small glass fiber fractions 

were found in the lungs in pulmonary phagocytes or in agglomerates sur­

rounded by phagocytes. Inflannnatory changes were seen in some bronchi. 

Collagen tissue formation was not induced (Sklensky and Horn, 1971). 

Twenty rats were subjected to inhalations of acetal resin dust. 

The inhalations (approximately 5 gm per rat) were administered for thirty 

minutes daily, six days a week, for one month. During the course of 

the experiment, three animals perished: one from pneumonia, one 

from hemmorhage into the myocardium, and the third from undetermined 

causes. 

Two months after the termination of the experiment, the rats were 

sacrificed by exsanguination. Upon comparison with the controls, there 

were no striking chahges other than a slight increase in lymphoid tis­

sue and edema of the adventitia of the larger pulmonary vessels. The 

adventitia were infiltrated by mononuclear and polymorphonuclear eosino-

phils. 

An acetal resin suspension in 2 ml of saline was administered in­

traperitoneally to a group of five rats. Autopsy revealed small, 

whitish, hard and smooth granulomas attached to the base of the serous 

membranes, but no inflammatory changes. Microscopical resin particles 

were encapsulated in the granulomatous tissue. 

In a group of five rats which received a saline suspension of acetal 

resin by subcutaneous injection into the area of the spinal column, 
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only a single resorbing granuloma was found. 

No other changes were observed in the organs of the experimental 

animals--kidneys, spleen, liver, or myocardium (Kopecny, Cerny, and 

Ambroz, 1968). 

Kochetkova, Vasil'eva, Promyslova, and Sergeev (1971) found 

phagocytes, granulomas~ and inflammation in the lungs of rats of 

which had inhaled acetal resin dust. Morphological changes were 

apparent in the lungs six months after a single inhalation. 

2. Sensitization 

None of the animal studies in the literature collected reported 

sensitization reactions to the formaldehyde resins. 

3. Teratogenicity 

No teratological effects from the formaldehyde resins is 

reported in the literature collected. 

4. Carcinogenicity 

No malignant growths attributable to the formaldehyde resins or 

to their constituents are reported in the collected literature. 

However, granuloma formation was induced in the lungs of rats 

which had been subjected to the inhalation of acetal resin dusts and 

granulomas were found in the peritoneal and subcutaneous areas of 

experimental animals at the sites of injections of saline suspensions 

of acetal resin dusts (Kochetkova, Vasil'eva, Promyslova, and Sergeev, 

1971; Kopecny, Cerny, and Ambroz, 1968). 

5. Mutagenicity 

No studies relating the formaldehyde resins to mutagenicity 

are reported in the available literature. 
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6. Behavioral Effects 

There are no reports in the collected literature concerning any 

behavioral effects of the formaldehyde resins. 

C. TOXICITY TO LOWER .ANIMALS 

No studies were encountered concerning the toxicity of the formal­

dehyde resins toward lower animals. 

D. TOXICITY TO PLANTS 

No reports were found reporting the toxicity of formaldehyde 

resins toward plants. 

E. TOXICITY TO MICROORGANISMS 

Formaldehyde has had widespread use as a tissue prese,rvative and 

as a disinfectant. Phenol is a known bacteriocidal agent and, in fact, 

is used as a standard of comparison in measuring the effectiveness of 

other antiseptics. 

Although no studies appear in the collected literatu-re concerning 

the toxicity of the formaldehyde resins to microorganisms, any resi­

dual free formaldehyde or phenol present in the resins would have a 

bacteriocidal effect. 



XI. CURRENT REGULATIONS 

A. Food and Drug Administration 

According to the Food and Drug Administration (Anon., 1964), 

formaldehyde resins may be safely used as a food-contact surface on molded 

articles which are used in producing, manufacturing, packing, processing, 

preparing, treating, packaging, transporting, or holding food. For these 

purposes, melamine-formaldehyde resins are defined as the reaction pro­

ducts of one mole of melamine and not more than three moles of formalde­

hyde in aqueous solution. The molded melamine-formaldehyde articles in 

the finished form (in which they are to contact food) must not yield 

chloroform-soluble extracts in excess of 0.5 mg/sq. in. of food-contact 

surface. 

Phenol-formaldehyde resins may also be used under the Federal Food, 

Drug, and Cosmetic Act as the food-contact surface of molded articles 

(Anon., 1966). This rule applies to repeated contact with nonacid food 

(pH> 5.0), if the finished article meets the following specifications: 

when extracted with distilled water at reflux temperatures for two hours, 

using a volume-surface ratio of 2 ml of water to 1 sq. in. of surface, 

the total extractives should not exceed 0.15 mg/sq. in.; the maximum 

phenol detection is 0.005 mg/sq. inc., with no extracted aniline. These 

determinations should be run by a spectrophotometric method sensitive to 

0.006 mg/sq. in. 

B. The Occupational Safety and Health Act 

The Occupational Safety and Health Act of April 28, 1971, has 

special significance for the plastics industry, since this industry has 

such a poor safety record. The act states that each employer "shall 
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furnish to each of his employees, employment and a place of employment, 

which are free from recognized hazards that are causing, or are likely 

to cause, death or serious physiological harm to his employees". 

This bad safety record is a matter of accidents with the equipment, 

however, and not a matter of hazard from contaminated areas (Anon., 1971; 2). 

Other OSHA regulations are discussed in Section XII, STANDARDS. 

C. Department of Transportation 

The Department of Transportation has issued flammability rules for 

automotive interiors and has proposed upgrading regulations covering 

passenger airplane furnishings (Anon., 1972; 2). The formaldehyde resins 

would be included in the plastics which would be llll.der consideration here. 

Test methods for special materials for aircraft applications will be 

established by ASTM Committee F-7. Tests will be developed to evaluate 

safe performance of cleaners for plastics and other exterior and interior 

surfaces (Anon., 1973). 

D. Air and Water Acts 

Acetal copolymer has been approved by the National Science FO\mdation 

for use in contact with water to be used for drinking (ModeJ"n Plasties 

Enayclopedia, 1970-71, pg. 88). 

E. State, Federal, and Foreign Regulations 

A New York City tax on plastic containers was declared unconstitutional 

on November 11, 1971. Justice Saul S. Streit of the Supreme Court of New 

York State ruled that such discrimination against plastics was arbitrary 

and unreasonable, and thus a violation of the equal protection clauses 

of the Federal and New York State Constitutions. Justice Streit stated, 

"There was not one shred of evidence presented herein which demonstrates 

that any form of container, glass, metal, or paperboard, is any more 



recyclable than plastic containers • • • . It thus appears that the dis­

crimination against plastic containers does not rest on any reasonable 

basis in relation to the objective of promoting the recycling of con­

tainers, plastics or otherwise" (Kestler, 1971; Anon., 1972; 3). 

Some further regulations are discussed in Section XII, STANDARDS. 

XII. STANDARDS 

A. Threshold Limit Values 

In June, 1972, a federal regulation was published under the Occupa­

tional Safety and Health Act (OSHA), limiting the concentration of as­

bestos fibers (a filler for formaldehyde resins) in work areas to 5 

units per cc of air, which is to be reduced to 2 units per cc of air by 

July 1, 1976. The previous threshold limit value for asbestos, published 

by the American Conference of Government Industrial Hygienists (ACGIH) 

was a limit of 12 units per cc of air. 

To obviate investments in protective clothing, improved dust­

collection and ventilation systems, and periodic examinations of workers, 

General Electric has complied with OSHA's ruling by changing its phenolic 

compound formulation. The identity of the substitute filler has not been 

revealed, but GE has said that it has been cleared by the Food and Drug 

Administration (Anon., 1972; 1). 

The following figures show the maximum permitted atmospheric con­

centrations of formaldehyde and of phenol (in ppm and mg/m3) in factories 

in Great Britain, the United States, and Russia. 
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COUNTRY 

Great Britain 

United States 

u.s.s.R. 

B. Flammability 

FORMALDEHYDE 

ppm 

5 

mg/m3 

12 

6 

1 

PHENOL 

ppm 

5 

mg/m3 

19 

5 

The National Materials Advisory Board, which evaluates materials on 

request from federal agencies, has begun a three-year study to gather, 

correlate, and analyze material on fire .testing and fire behavior of 

plastics. The ultimate goal is to develop a model test that will dupli­

cate any fire-situation performance. A twenty-member committee on the 

Fire Safety Aspects of Polymeric Materials has been formed. 

The Fire Retardant Chemicals Association, formed in 1973, has launched 

an organized inquiry into the fire safety of polymerics. The aims of this 

new group include better cormnunication with government agencies, and inter­

action with industry groups (Macbride, 1973). 

The Underwriters' Laboratories are developing systems for plastic 

product safety. The UL temperature index (Reymers, 1970; a) correlates 

numerically with the temperature rating (the maximum temperature in °C 

above which a material may degrade prematurely and, therefore, be unsafe). 

The formaldehyde resins have been given the following temperature indices: 

Urea-formaldehyde resins 100°C 

Molded melamine resins (excluding fiber-reinforced) 

Molded phenolic resins (excluding fiber-reinforced) 

130°C 

150°C 

These figures apply to heat and pressure molded resins only; they do 

not apply to those resins intended for casting or pouring (Reymers, 1970; a). 
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Among the Underwriters' Laboratories flammability indexing tests are 

the self-extinguishing tests (the phenol-formaldehyde resins hold a Group 

I rating), the slow-burning tests, the hot-wire ignition tests, the high­

current-arc ignition tests, the high-voltage-arc ignition tests, and the 

high-voltage-arc tra~ tests. 

SE-0 

SE-1 

SE-2 

Prior to 1973, the classifications were defined as follows: 

"Self-extinguishing, Group 0 11 

Group I 

Group II 

Do not release flaming 

particles and do not con­

tinue to flame longer than 

10 seconds. 

Do not release flaming 

particles or drops. 

Release flaming particles 

or drops which burn only 

briefly. 

(Reymers, 1970; b) 

In September, 1973, Underwriters' Laboratories distributed a revised 

edition of its UL-94 test for flammability of plastics materials. The 

terms "SE" (self-extinguishing) and "SB" (slow-burning) have been deleted. 

11 SE 11 designations have been replaced by the letter code "VE" (vertical 

flame extinguishing tests) and "SB" designations have been replaced by 

"RB" (horizontal burn tests). The testing parameters remain unchanged. 

The American Society for Testing and Materials is in the process of 

revising the terminology of its D-635 flammability test. All references 

to the "NB" classification (nonburning by this test) are eliminated. The 

text contains a warning that the indicated properties are based on small­

scale laboratory tests, and in no case are to be used as an assessment of 

actual fire hazards (Anon., 1973; 1). 
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o-NITROCHLOROBENZENE 

SUMMARY AND CONCLUSION 

Since the only use for the material seems to be for conversion to 

dinitrochlorobenzene, it is unlikely that any more is released to the 

environtrent than that which comes from waste waters of production and 

conversion plants. This is fortunate because the limited data available 

indicate very high toxicity and very low biodegradability. Partial 

metabolism appears only to convert it to other toxic materials such as 

chloroaniline. Assuming that proper safeguards are ooserved in the in­

dustries involved, the only likely hazard is to life in and dependent 

upon bodies of water receiving the industrial waste, especially, in view 

of the density and water insolubility, bottom dwellers. 

Production figures for o-nitrochlorobenzene were not published 

after 1967, but the 1963-1967 period was one of rapid increase!. If the 

proportion of sales to production was maintained after 196 7, then pro­

duction continued to rise through 1969 (the last year for which sales 

figures are available). As of 1972 imports were not significant. 
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0-NITROCHLOROBENZENE 

I. PHYSICAL PROPERTIES 

This compound is a crystalline solid having (°C): mp 32-3, bp 245-6, 

flash point 127, d 1.368(22/4); it is soluble in benzene, ethanol, and 

ether, insoluble in water (0.44 g/l at 20°). 

II. PRODUCTION 

Table I. Production-Importation of o-Nitrochlorobenzene 

Year Made in 

1963 8,570 

1964 9,118 

1965 12,841 

1966 16,443 

1967 15 ,535 

1968 

1969 

1970 

1971 

1972 

a - 1.lllits are metric tons 

USAa,b,c 

(1, 779) 

(-----) 

(-----) 

(-----) 

Imported into USAa 

0.12 

56 

b figure in ( ) is for a mixture of o- and p- isomers 

c - amounts sold were: 4,864; 4,379; 4,782; 5,590; 5,629; 6,637; 9,255; 

--; --; 

Currently the only known domestic producers are American Aniline Products, 

duPont, and Monsanto. There is no indication that the o/p mixture has 

been produced since 1966. 
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III. USES 

The only known use is as an intermediate for dye synthesis, being 

converted to 2,4-dinitrochlorobenzene. 

IV. CURRENT PRACTICE 

Sax indicates that the IATA regulations for liquid nitrochloroben­

zene require the container to bear a poison label, also the Poison B 

label; quantities are limited to one liter on a passenger craft, 220 

liters on a cargo plane. 

No information bearing on disposal methods was found. 

V. ENVIRONMENTAL CONTAMINATION 

No references were fotmd which indicated the occurrence of this com­

pound in the environment. 

VI. MONITORING AND ANALYSIS 

Piotrowski (1965) reported a colorimetric method for measuring 

chloronitrobenzenes in air. Dyatlovitskaya and Potemkina (1963) re­

ported a colorimetric/polarographic method for distinguishing between 

chloronitrobenzenes and nitrobenzene present together. Fleszar (1964) 

reported an extraction/polarographic method for measuring 5-50 ppm of 

nitrochlorobenzenes in water. Kolbasov ~al (1962) dis1~ussed an infra­

red technique for measuring the various nitrochloro-, 2,5-dichloronitro-, 

and 3,5-dichloronitrobenzenes present in a mixture. Stanescu and Radules­

cu (1970) reported an infrared method for analyzing a mixture of the ortho 

and para isomers ranging from 4:1-1:4. 

Hashimoto ~ al (1965) determined Rf values in five solvents using 

thin layer chromatography (TLC). Obruba and Navratil (1967) used TLC to 

separate nitration mixtures of chlorobenzene consisting of the ortho and 

para mononitros, di- and trinitros. 
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Gas liquid chromatography is the favorite analytical tool for 

nitrochlorobenzenes and has been discussed in the following papers: 

Bykova et al (1969), dim.ethylsiloxane on diatomite, katharometer; 

Habboush and Norman (1962), dinonyl phthalate, tritolyl phosphate, 

trinitrofluorenone on Embacel, flame ionization detector; Habboush 

and Tameesh (1970), polyethyleneglycol 1500, polyethyleneglycol succi­

nate on Chromosorb P, thermal conductivity detector; Nemova et al (1969), 

polyethyleneglycol 1000 on INZ-500; Roseira (1970), involved initial 

conversion to nitrobutylbenzene; Stolyarova et al (1965), polyethylene­

glycol 1000 on brick;;Volkova et al (1972), polyethyleneglycol 1500 on 

Celite 545, flane ionization detector; Zielinski et al (1967), tri­

fluoropropylmethyl silicone on Chromosorb G, electron capture detector. 

VII. CHEMICAL REACTIVITY 

No information bearing on this matter was found. 

VIII. BIOLOGY 

A. Metabolic Effects 

Bray et al (1956) compared the metabolism of the three nitrochloro­

benzene isomers in rabbits. The dose of the ortho isomer given was a 

single one of 0.1 g/kg, and was the largest which elicited no signs of 

toxicity; in comparison, 0.2 g/kg doses of the other two isomers were 

still non-toxic. Urine and feces were analyzed for up to 48 hours after 

administration of the dose, by which time no more metabolites were 

present. 

It was possible to account for 82% of the dose: 42% in the urine 

as a glucuronide; 24% in the urine as a sulfate; 9% in the urine and 0.3% 

in the feces as free o-chloroaniline; 7% in the urine as a mercapturate 
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(the values for the 42, 24, and 7% conjugates are medians of three 

animals; the urinary free chloroaniline was a pooled value of six 

animals). 

The following free phenols (totalling 5% of the dose) were found in 

the urine in substantial quantities: 3-amino-4-chloro-, 4-amino-3-chloro-, 

3-chloro-4-nitro-, and in trace quantities: 2-chloro-3-ni tro--, 4-chloro-

3-nitro-, 3-chloro-2-nitro-, and 3-amino-2-chloro-, The merca.pturate 

found was the 2-nitro-phenyl. The following phenols were pre;sent as the 

glucuronide or sulfate conjugates in substantial quantities: 3-chloro-4-

nitro-, 3-amino-4-chloro-, and 4-amino-3-chloro-, and in trace quantities: 

2-chloro-3-nitro-, 2-amino-3-chloro-, and 3-amino-2-chloro-. 

B. Physiological Effects 

Shirai (1953) reported that factory workers exposed to nitrochloro­

benzene had higher blood glutathione levels than normal people even when 

not showing any toxic symptoms; seasonal variation of this 11~vel was nor­

mal in the workers. 

Frenkel and Gordienko (1960) fotmd that by poisoning rats with nitro­

chlorobenzene the following changes in brain tissue chemistry occurred: 

preformed ammonia and glutamine levels increased; protein amino N fell 

by 15 mg%; none in levels of nonprotein N, glycogen, or ATP .. 

Frenkel (1963) reported results similar to those of the 1960 paper, 

adding that creatine phosphate level increased, and hypothe1~izing that 

these changes result from inhibition of anabolic synthetic reactions. 

IX. ENVIRONMENTAL EFFECTS 

A. Persistence and/or Degradation 

Ludzack and Ettinger (1963) found that no more than 20% of the 
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theoretical amount of carbon dioxide was eventually produced from the 

degradation of o-nitrochlorobenzene in a sample of river water over an 

80 day test period. In comparison, 50% of the theoretical amount of 

C02 from acetophenone evolved in five days. 

Alexander and Lustigman (1966) found that there was no significant 

splitting apart of the ring by soil micro-organisms in a 64 day test 

period, indicating that the chemical was certainly not a food source for 

them. Determination of lesser degrees of metabolism or degradation was 

beyond the scope of their experiment. 

B. Environmental Transport 

C. Bioaccumulation 

No information was found on either of these considerations. 

X. TOXICITY 

A. Human 

Lutowiecki (1960) reported on a test for skin sensitivity in new 

workers, but the results are difficult to obtain. 

Sax reported that acute or chronic local toxicity was unknown, but 

acute or chronic systemic toxicity from either ingestion or inhalation 

was high. The pathology was methemoglobin formation, cyanosis, and 

other blood changes; the effects were analogous with nitrobenzene, and 

were cumulative. Industrially, contact is most likely to be made from 

dust. 

B. Birds and Animals 

Bray et ai (1956) reported that a single dose to rabbits of over 

0.1 g/kg was toxic enough to interfere with their iretabolism study (see 

VIII, A.), but didn't further elaborate. 



Navrotskii (1953) reported that the production of methemoglobin 

following nitrochlorobenzene poisoning in animals was not affected by 

administration of adrenaline, but was initially depressed by acetylcho­

line, and blocked during the sleep induced by chloral hydrate or Medina!. 

When the narcotic effect of the latter two ceased and the animal awoke, 

methemoglobin production commenced. 

Rusakov et al (1973) found that 8 µg/cu m was the minimum atmos­

pheric concentration which would elicit allergenic sensitizati.on in rats 

and guinea pigs. Transfer of serum from sensitized rats to guinea pigs 

resulted in allergic symptoms in the latter. 

C. Lower Animals 

No information on toxicity to this class of life was found. 

D. Plants 

Eckert (1962) found that 50% reductions in growth of cti:l!umber and 

mung bean seedlings resulted from contact with 115 and 190 µM solutions, 

respectively, for six days. 

E. Micro-organisms 

Eckert (1962) found that 50% reductions in the propagation of the 

soil fungi Rhizoctonia solani and Pythium ultimum resulted from contact 

with 310 and 1,000 µM solutions, respectively. 

Richardson (1968) found that the vapor phase toxicity: to P. ulti­

mum was lower for the nitrochloro below 250 ppm (the compound being 

dispersed in soil at various concentrations, and the fungi being sus­

pended above the soil); to R. solani was about the same as for nitroben­

zene; to the saprophytic fungus Trichoderma viride was a bit lower than 

nitrobenzene. 

476 



Romanova and Rapoport (1971) reported a reduced viability of spores 

of Actinomyces sphaeroides after two-hour suspension in millimolar 

nitrochlorobenzene. 

XI. CURRENT REGULATIONS 

XII • STANDARDS 

No information was found other than the IATA requirement mentioned 

in Section IV of this report. 
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