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Ecologic,al and toxicological properties 
of dyestuffs 

Introduction 
IN recent years lot of awareness and 
conern has developed over the envi- 
ronmental issues of textile wet 
processiag. The Pollution Control 
Board isalsobecomingmore strict in 
the implementation of the pollution 
cuntrol act. This has brought a lot of 
environmental pressure on the textile 
proctsSing industry. Dyes, especially, 
cause a lot of public concern, as even 
small concentrations (1 mg/l) are vis- 
ible, unlike other chemicals. The Swat 
textile wet processing industry, com- 
prising more than 240 process houses, 
roughly consumes 4500 MT/annum of 
mainly acid, disperse and dir& dyes. 
An attempt has been made in this paper 
to assess the various ecological and 
toxicological properties of dyestuffs 
used in Swat and bow they affect the 
environment. A database of these 
properties of dyes and chemicals can 
then be effectively utilized for waste 
minimiition in a process house. 

Toxicology of dyestuffs 
The Ecological & Toxicological 

Association of Dyes and Organic 
Pigments Manufacturers (ETAD) has 
been prominent in promoting re- 
search and building up of knowledge in 
aU areas concerned with the field of 
Ecotox properties of dyestuffs over 
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the years. Sandoz, Hoechst,ATUL, 
ID1 are the only Indian members of 
El" from where Safety Data Sheets 
containing such information can be 
obtained. 

1) A d e  toxiCiry 
Thisisatest carried out on ani- 

mals (mainly rats) to ascemin the single 
oral dose of a dye which is required to 
kill 50% of a population of experimen- 
tal animakwithin14days. Thisdose 
concentration is expressed in mg/kg of 
bodyweight and known as a lethal dose 
50 (LDSO). 

Acute oral toxicity studies carried 
out by ETA0 on ratsof 4,461 commer- 
cial dyes show that 92% of these prod- 
ucts have a low acute toxicity of LDSO 
exceeding 20oO mg/kg and only 1% 
(44 dyes) possessed LD50 less than 
250 mdkg. It was observed that basic 
dyes showed significantly 
Fgher toxicity (1). 

On the basis of toxic- 
ity test results, the fol- 
lowing grading of toxic- 
ity can be made. (refer 
table 1) 

Thus most of the dyes 
fall under the less toxic 
group. Yet there are 

some dyes which have been specifically 
classified as toxic by ETAD as shown in 
the Table 2 (2). 

2) Chronic toxicity 
The possible chronic (long-term) 

effects of interest are carcinogenicity 
(a" mduciq& mutagenic (haeday 
modifying) and to a lesser extent, 
sensitization of the skin (allergic). 
These properties are of great impor- 
tance to theIndian industry, asmany 
known carcinogens like benzidine, & 
napthyl amine, which have been long 
since banned in USA and Europe, are 
still being used by our dyestuff manu- 
facturers. The assessment of carciao- 
genkity requires huge financial and 
laboratory resources. Besides, it re- 
quires a lot of expertise in interpreta- 
tion and relevance of dose - response 
relationship, when testing at the maxi- 
mum tolerated dose, as most of the 

Table 1 

LD, Ln cbssifieation No. of dyes 96 
m d k  

25 to200 Poisonous 44 1 
200 to 2000 Harmful 3 14 7 
2uw)o Not classified 4103 92 

Total 4461 100 

Less than 25 Very poisonous 



Table 2 - L i s t  of toxic dyes 

Acid Orange 1.M 

Acid Okngc 165 
Basic Blue 3 
Boric Blue 7 
Basic BIue 81 
Basic Red 12 
Wi Violet 16 + 
Basic Yellow 21 
D i m  Orange 62 
C1. Azoic Diazo Component 20 
GI. Azoic Diazo Component 24 
CI. Azoic Diazo Component 41 

XW1 
2x682 

51oM 

42595 

4 2 3 8  

48170 

48013 

48060 

37175 
37155 
37165 

120 - 2ta 
(to 

ItM, 

100 

205 
25-31 

Yo 

171 
150 

49 

70 

115 

Dyes used in the Surat Process llouses.; +LU, (inhalation) 25 mg,“’ 

dyes have low toxicity. Thus many of 
the dyes and chemicals used in our 
country have not been screened for 
carcinogenicity. 

The list of dyes used in Surat and 
known to cause cancer in animals, 
(3,4) is given in table 3. 

Mutagenicity 
The above mentioned limitalions for 

carrying out expensive long-term test- 
ing, prompted and intensive search for 
simpler tests for determining the car- 
cinogenic effects of chemicals. Most 
short-term tests thus developed for 
identifying potential carcinogens de- 
pend on the determination of a m u t -  
agenic effect, Le., their ability to react 
with the genetic material. Testing of 
mutagenicity is mainly done by the 
Salmonella Microsome assay dcvcl- 
oped by Ames. 

Some Azo compounds which WCI c 
found to be mutagenic using the Sd- 
monella assay are listed in Table 4 ( 5 ) .  

Table 4 - List of mutagenic dyes 

Acid Red 2 
Basic Orange 2 
Pigment Orange 5 
Pigment Red 1 
Pigment Red 40 
Direct Black 19 

rJ 
u 

Tiible 3 

C.1. Generic nnnie C.I. nuncbcr Chrniicals D i a u  
rlnss ctmponent - 

I)irect llluc 6 22hIO Aro fknridinc 
1) iw.t  Ii!ue 14 2M.W h.0 lolidine 
1)irect Hlue 1.5 244WI 

Dircrt I%luc 53 23MIo &.<I Tolidine 
Diwi Orange 1 /\7.0 Ik nzid i ne 
Direct Ihuwn 2 AZO I3cnzidine 

Iicnzidine I)irec.t I h w n  OS 3014.5 Azo 

Bimrt Ulack 38 3023.5 AZO tknzidine 
Acid Red 26 16150 &<I Xylidinc 
Acid Ked &q 22245 k.0 I3enzidine 
Acid ltcd 114 2313.5 k.0 lolidine 
Acid Violet 4‘) 4 2 M O  ’rriphcnyl - 

l%mc Yellow 2 41(MX) Kctunimin - 
llasic Orange 14 4 W ) S  Acridine - 

Ani Dianisidine 

mcthanc 

Skin Sensitization 
According to Hatch and Malit~ach, 

some dispcrsc dyes wcrc found to 
cause allcrgic contact eczema. Poten- 
tially allergic dyes are listcd in Tablc 
5(3). 

Potentially allergic dyes 

Table 5 
C hcniical C.1. gwrrir  
C h \ \  nnnir 

Anlhrdquinone Dispene Rcd 1 1 .  15 
Disperse Ulue 1, 3, 7, 26, 35 

&O Disperse Red 1, 17 
Llisperse Blue lt12. 124 

Ihpene  Ordngc 1. 3. 76 
hitro Ilisperse Yellou I ,  Y 
Methine Disperse Yellow 39,49 

Triphenyl Methane Acid Violet 17 

Quinoline Dlspenc Yellou SJ. 64 

3 )  t l ea ty  mefals 
Discharge consents for hca\y mct- 

als arc extremely stringcnt as tiicy can 
t>c highly toxic to the aniinals and 

.aquatic lifc in gcncral. Tlw toxicity 
would depend upon the physictrcliemi- 
cal form. For cxample coppcr ions arc 
very toxic, whereas copper bound to 
organic matter is not harmful. Unfor- 
tunately this is not widely acknowl- 
edged in setting the limits in consent 
condition.., which, in the above example, 
would in  all probability relate to the 
total copper and not the part that is 

“available”. Metal complcx dyes con- 
tain chelated chromium, cotult, cor)- 
per and nikel. Sonic cationic dyes are 
marketed as zinc sails, where the zinc 
content could be of the order of 2-3%. 
Besides, traces of more hazardous 
metals like mercury, cadmium and 
arsenic are found as impurities from 
interriicdiates in very low concentra- 
tions of less than 1 ppm. 

Ecological properties 
4) Biodegradability 

Dyes have high stability towards a 
multitudc of physical and chemical 
intlucnccs and hcncc, not surprisingly, 
they show a similar stability ab ~ 3 1 1 1 S t  ’ 

breakdown by niany microcwganisrns. 
Most of thc dyes do not biodcgradc 
undcr the short acrol)ic biotogid treat- 
nicnts of municipal scwagc plants. But 
many dyes, cspcciitlly the iinportant 
azo dycs, are degradcd substantially 
un  d c r t h c a n a c r ob ic d igcsl i i) n process 
in n i u n i c i p l  scwagc treatment works, 
and in anaerobic sediments and soils 
(0.7,S). The split aromalic amines 
undergo fairly ready degradation un-  
der aerobic conditions (9). Thus the 
aerobic conditions of rivers and lakes 
should dcgrade traces of aromatic 
amines formed from the biodegrada- 
tion of azo dyes if these should accu- 
mulate in the river sediments. 



2. . *  

9 laxidrr 
Aquatic t d a t y  is expressed by U= 

which is a concentrationexpressed in’ 
mg/lit.re of a produd, which, when 
a Q l i t e r d  by the respiratory route, 
is expcded to kill 50% of the popula- 
tion of wrpcrilnental fishes during an 
exposure of 48 hrs. Aquatic toxicity is 
mother important issue for the Surat 
t d e  industry, as it is situated on the 
banksoftheTapi river and the Gujarat 
Pollution Control Board insists on LC; 
i.e. 90% survival of fshes in 100% 
effluent, in areas where the effluent is 
discharged into waters used for fshing. 
Tests carried out by ETAD members 
on3000 dyes in common use, 98% have 
an %due in excess of 1 mg/l. In 
onIy27cases (16of them basic dyes of 
those 10 triphenyl methane structures) 
is the Kdf the order of (3.05 mg/l. 
Fish toxidty results are summarized in 
Table 6(10). 

Table 6 
Fish toxicity level of dyes 

in common use 
LCSO value (&I) Proportion 

of dyes (%) 

< 1  2 
1 - 10 1 
10 - 100 27 
100-500 31 
>so0 28 

Thus, dyes with few exceptions, are 
toxic only at levels which are orders of 
magnitude greater than levels which 
would be highly visible in rivers. Dyes 
can be visible at as low concentrations 
like0.1 to 1 mg/l. Thus provided there 
is no “visual pollution’’ in the rivers, 
dyes are unlikely to have adverse acute 
effects on aquatic life. A list of toxicity 
of some common dyes used in Surat is 
shown in Table 7. Toxicity of some 
other products are also listed for the 
sake of comparison (1713). 

6)  Bioaccumulation is defined as 
the factor Ca/Ce, where Ca is the 
concentration of the dye or chemical in 
the animal speciesand Ce that for 
the environment. The possibility of 
bioaccumulation in fishes has, there- 
fore, to be considered. The partition 
coefficient in n-octanol /water mixIure 

Pow) is used as a’measure of bioac- 
:umulation. If Pow is less than lo00 it 
an be predicted that hioaccumulation 
actor in fish (BF) is less than 100, at 
vhich levels no problems of bioaccu- 
nulation are foreseen (12). It has 
mn observed that water soluble dyes 
lo not bioaccumulate. Water insol- 

Tabfe 7: Fish toxicity of some dyes 
and chemicals. 

lyes/Substance LC50 

bcid Yellow 17 
sid Orange 7 
rcid Rcd 52 
rcid Red 119 
rcid Blue 7 
rcid Blue 113 
rcid Black 52 
icid Black 1 

Pisperre Scarlet 54 
lispem Red 167 
lirpcrsc Blue 79 
lonyl phenol ethoxylate 
?5 mok) 
bpper sulfate 
IDT 

Iispersc Yellow 3 

180 
165 

>500 
> so0 

1-100 
10 
7 

180 
> 180 

100-500 
100-500 

> loo 

10 
1.8 

0.006 

uble dyes like disperse with Pow above 
loo0 still show no evidence of bioaccu- 
mulation, and neither do pigments. 

Environmental dye levels 
The approximate environmental 

levels in the receiving waters of a par- 
ticular dyestuff used at 1000kg/year in 
a-dyeing house can be calculated as 
shown in table 8. 

Another similar calculation may be 
used to calculate the total levels of 
dyestuff from a dyeing and printing 
house (refer tabte 9). 

An individual proczss house \kill have 
access to virtually all the data in the 
above calculations. It should be noted 
that for the above hypothetical print- 
ing house effluent dye concentration 
calculation (lOpg/titre) represents a 
small fraction as compared to other 
dixharged chemicals, surfactants, fabric 
sizes and impurities. Besides, the river 
flow quoted in both the examples cor- 
responds to a small stream of approxi- 

Table 8 

Dye used W Y f =  

Amount discharged (if exhaustion rate 90%) 1 kg/day 

100 days Number of days used 
Amount used/day 10 kgs 

Mean concentration in sewage from 
2 lakh people (100 liters/head) 
Mean concentration in treated sewage effluent 
(50% removal) 
Mean concentration in receiving water 
(flow 4 * 10 m3/day) 

0.25 mg/litre 
0.1 mg/litre 

l,4 g/li tre 

Table 9 

Weight of fabric processed 
Total dyes used (at 2%) 
Dyes discharged in the effluent 

* (if exhaustion rate is 90%) 
Volume of effluent (200 liters/kg 
for dyeing & printing) 
Total dyestuff concentration in untreated effluent 
MeV concentration in sewage from 
2 lakh people (100 liters/head) 
Mean concentration in treated sewage 
effluent (50% removal) 
Mean concentration in receiving water 
(flow 4 * 10m3/day) 

600 tonneslyear 
12 tonnes/year - 
1.2 tonnes/year 

1,2O,OOO m3/year 

10 mg/litre 
2 mg/litre 

1 mg/litre 

lO/&/litre 
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matety 4 m wide and 82m deep flowing 
at a speed of 2 km/hr. (13) 

Summary 
In relation to the growing aware- 

aes and concccn for the environ- 
merit, &logyand work-place hygiene, 
corresponding care must also be 
takea by the textile processors as well 
as the dyestuff and auxiliaries manu- 
facturers. The processors should 
voluntarily renunciate unsafe dyes, 
especially carcinogenic dyes, if the 
manufacturers do not take this step 
themselves. Processors can minimize 
exposure to workers by providing well 
ventilated dyes storerooms. Drotective 

clothing, dust masks, etc. and by in- 
forming and training workers for safe 
handling o f dyes and chemicals. Low 
dusting, granular dyes if developed by 
our manufacturers, can solve lot o f  
dusting-rcloted health hazards. Dye- 
stuff manufacturers can contribute 
imoiensely by supplying Safety Data 
Shccts containing the above-describcd 
ecological and toxicological proper- 
ties which can then be effectively used 
by processors for waste minimizition 
techniques. 
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