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Ecological and toxicological properties

Introduction

IN recent years lot of awareness and
concern has developed over the envi-
ronmental issues of textile wet
processing. The Pollution Control
Board is also becoming more strict in
the implementation of the pollution
control act. This has brought a lot of
cavironmental pressure on the textile
processing industry. Dyes, especially,
cause a lot of public concern, as even
small concentrations (1 mg/1) are vis-
ible, unlike other chemicals, The Surat
textile wet processing industry, com-
prising more than 240 process houses,
roughly consumes 4500 MT /annum of
mainly acid, disperse and direct dyes.
Anattempt hasbeen made in this paper
to assess the various ecological and
toxicological properties of dyestuffs
used in Surat and how they affect the
environment. A database of these
properties of dyes and chemicals can
then be effectively utilized for waste
minimization in a process house.

Toxicology of dyestuffs

The Ecological & Toxicological
Association of Dyes and Organic
Pigments Manufacturers (ETAD) has
been promineat in promoting re-
search and building up of knowledge in
all areas concerned with the field of
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the years. Sandoz, Hoechst, ATUL,
IDI are the only Indian members of
ETAD from where Safety Data Sheets
containing such information can be
obtained.

1) Acute toxicity

This is a test carried out on ani-
mals (mainly rats) to ascertain the single
oral dose of a dye which is required to
kill 50% of a population of experimen-
tal animals within 14 days. This dose
concentration is expressed in mg/kg of
bodyweight and known as a lethal dose
50 (LD50).

Acute oral toxicity studies carried
outby ETAD onrats of 4,461 commer-
cial dyes show that 92% of these prod-
ucts have a low acute toxicity of LD50
exceeding 2000 mg/kg and only 1%
(44 dyes) possessed LD350 less than
250 mg/kg. It was observed that basic

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

2) Chronic toxicity

The possible chronic (fong-term)
effects of interest are carcinogenicity
(cancer inducing), mutagenic (heredity
modifying) and to a lesser extent,
sensitization of the skin (allergic).
These properties are of great impor-
tance to the Indian industry, as many
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 carcino-
genicity 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

in classification No. of dyes %

dyes showed significantly
higher toxicity (1).
On the basis of toxic-
ity test results, the fol- LD,
lowing grading of toxic- | ™&/ke
ity can be made. (refer | |.c inan 25
table 1) 2510200
200 to 2000
Thus most of the dyes > 2000
fall uader the less toxic | .

Very poisonous

Poisonous 4“4 1

Harmful 314 7

Not classified 4103 92
4461 100
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Table 2 - List of toxic dyes Table 3
C.L Generic name C.L No. LD50 Oral C.L. Generic nume C.l number Chemicals  Diazo
(mg/kg) class component
Acid Orange 156 26501 120 - 200 Direct Blue 6 22610 Aro Benzidine
Acid Orange 165 28682 o0 Direct Blue 14 23850 Az0 Tolidine
Basic Blue 3 * 51004 100 Direct Blue 15 24400} Azo Dianisidine
Basic Blue 7 42595 100 Direct Blue 53 23800 Azo Tolidine
Basic Blue 81 42598 205 Direet Orange 1 Az0 Benzidine
Basic Red 12 48070 25. 31 Dircet Brown 2 Azo Benzidine
Basic Violet 16 ® + 48013 % Direet Brown 95 30145 Azo Bcnz?dinc
. Direct Black 38 30235 Azo Benzidine
Bacic Yellow 21 * 48060 m Acid Red 26 16150 Azo Xylidine
Direct Orange 62 - 150 Acid Red 8 22245 Azo Benzidine
C.1. Azoic Diazo Component 20 s 9 Acid Red 114 23635 Azo Tolidine
CJ. Azoic Diazo Component 24 3nss n Acid Viole1 49 42640 Triphenyl -
C.l. Azoic Diazo Component 41 37165 115 methane
* Dyes used in the Surat Process Houses.; + LD, (inhalation) 25 mg/m’ llanc Yellow 2 41000 Kc‘f)ﬁ'm'n )
) Basic Orange 14 46005 Acridine -

dyes have low toxicity. Thus many of
the dyes and chemicals used in our
country have not been screencd 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 limitations for
carrying out expeasive 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 mut-
ageniceffect, i.e., their ability to react
with the genetic material. Testing of
mutagenicity is mainly done by the
Salmonella Microsome assay devel-
oped by Ames.

Some Azo compounds which were
found to be mutagenic using the Sal-
monella assay are listed in Table 4 (5):

Table 4 - List of mutagenic dyes

Acid Red 2

Basic Orange 2
Pigment Orange §
Pigment Red 1
Pigment Red 40
Direct Black 19

Skin Sensitization

According to Hatch and Malibach,
some disperse dyes were found o
cause allergic contact eczema. Poten-
tially allergic dyes are listed in Table
5(3).

Potentially allergic dyes

Table 5
Chemical C.L peneric
class name
Anthraquinone Disperse Red 11, 15
Disperse Blue 1, 3, 7, 26, 35
Azo Disperse Red 1, 17
Disperse Blue 102, 124
Disperse Orange 1, 3, 76
Nitro Disperse Yellow 1,9
Methine Disperse Yellow 39, 49
Quinoline Disperse Yellow 54, 64

Triphenyl Methane Acid Violet 17

3) Heavy metals

Discharge conseats for heavy met-
als ure extremely stringent asthey can
be  highly toxic to the animals and
.aquatic life in general. The toxicity
would depend upon the physico-chemi-
cal form. For example copperionsare
very toxic, whercas copper bound to
organic matter is not harmful. Unfor-
tunately this is not widely acknowl-
edged in sctting the limits in consent
conditions, which, in the above example,
would in all probability relate to the
total copper and not the part that is

“available”. Metal complex dyces con-
tain chelated chromium, cobalt, cop-
per and nikel. Some cationic dyes are
marketed as zine salts, where the zine
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
intermediates in very low concentra-
tions of less than 1 ppm.

Ecological properties
4) Biodegradability

Dyes have high stability towards
multitude of physical and chemical
influcnces and hence, not surprisingly,
they show a similar stability against
breakdown by many microorganisms.
Most of the dyes do not biodegrade
under the short acrobic biological treat-
ments of municipal sewage plants. But
many dycs, especially the  important
azo dyes, are degraded  substantially
under the anacrobic digestion process
in municipal sewage treatment works,
and in anacrobic sediments and soils
(6,7,8). The split aromatic amines
undergo fairly ready degradation un-
der acrobic 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.




5) Aquatic toxicity

Aquatic toxicity is expressed by LC P
which is a concentration expressed in
mg/litre of a product, which, when
administered by the respiratory route,
is expected to kill 50% of the popula-
tion of experitnental fishes during an
exposure of 48 hrs. Aquatic toxicity is
another important issue for the Surat
textile industry, as it is situated on the
banks of the Tapi river and the Gujarat
Pollution Control Board insists on LC<3

(Pow) is used as a measure of bioac-
cumulation. If Pow is less than 1000 it
can be predicted that bioaccumulation
factor in fish (BF)is less than 100, at
which levels no problems of bioaccu-
mulation are foreseen (12). It has
been observed that water soluble dyes
do not bicaccumulate. Water insol-

Table 7: Fish toxicity of some dyes
and chemicals.

uble dyes like disperse with Pow above
1000 still show no evideace 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

ie. 90% survival of fishes in 100% | DYes/Substance LCso used to calculate the total levels of
cffluent, in areas where the effluentis | Acid Yellow 17 180 dyestulf from a dyeing and printing
discharged into waters used for fishing. AC§: g::nsgze 7 165 house (refer table 9).
. >
Tests carncq out by ETAD members ﬁﬁa Red 119 > ?% An individual process house will have
0n 3000 dyesin common use, 98% have | cid piue 7 1-100 access to virtually all the data in the
an LCyalue in excess of 1 mg/1. In | Acid Biue 113 10 .
only27 cases (16 of them basic dyes of | Acid Biack 52 7 above calculations. It shouk:l be no.ted
those 10 triphenyl methane structures) Sf'd Bm.; 1“ 3 lg fhat for the above hypothetical p rint-
i the LG.gf the order of 0.05 mg/L, | DoFErs Yelowd 0.5y | g house eflueat dye concentration
Fish toxicity results are summarized in | Disperse Red 167 100 - 500 cu atnon'( ) g/ litre) represents a
Table 6(10). Disperse Blue 79 > 100 sx‘nall fraction as compared to othcfr
Nonyl phenol ethoxylate discharged chemicals, surfactants, fabric
Table 6 (C? m':':‘)’"m llg sizes and im?urities. Besides, the river
Fish toxicity level of dyes Dl)p;e 0.006 flow quoted in both the examples cor
in common use ~ 1 responds to a small stream of approxi-
1 io
LCS0 value (mg/D) :’fr:;;:srl(l%l)l Table 8
<1 2 Dye used 1000 kg/year
:(;3‘1300 2}, Number of days used 100 days
100 - 500 3 Amount used/day 10 kgs
> 500 28 Amount discharged (if exhaustion rate 90%) 1 kg/day
Mean concentration in sewage from
Thus, dyes with few exceptions, are 2 lakh people (109 ﬁtFrs/hcad) 0.25 mg/lftre
toxic only at levels which are orders of Mean concentration in treated sewage effluent 0.1 mg/litre
magnitude greater than levels which (50% removal) L. . .
would be highly visible in rivers. Dyes Mean concentration in receiving water ytg/htrc
can be visible at as low concentrations (flow 4 * 10 m’/day)
like 0.1to 1 mg/1. Thus provided there
is no “visual pollution” in the rivers, Table 9
dyes are unlikely to have adverse acute ) .
effects on aquatic life. A list of toxicity Weight of fabric processed 600 tonnes/year
of some common dyes used in Surat is Total dyes used (at 2%) 12 tonnes/year -
shown in Table 7. Toxicity of some 3 ]?ycs dxsch.arged m.thc effluent 1.2 tonnes/year
other products are also listed for the (if exhaustion rate is 90%)
sake of comparison (12, 13). Volumf: of effluent (200 liters/kg 1,20,000 m3/year
for dyeing & printing)
6) Bioaccumulation is defined as Total dyestuff concentration in untreated effluent 10 mg/litre
the factor Ca/Ce, where Ca is the Mean concentration in sewage from 2 mg/litre
conccn_tration of the dye or chemical in 2 lakh people (100 liters/head)
the amfnal species and Ce that for Mean concentration in treated sewage 1 mg/litre
tl'lc environment . The possibility of effluent (50% removal)
bloaccumulatio? in fishes has, there- Mean concentration in receiving water 1%g/litrc
fore, to be considered. The partition (flow 4 * 10m3/day)
coefficient in n-octanol/water mixture
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mately 4 m wide and 82m deep flowing
at a speed of 2 km/hr, (13)

Summary

In relation to the growing aware-
aess and concern for the cnviron-
ment, etology and work-place hygicne,
corresponding care must also be
taken by the textilc processors as well
as the dyestuff and auxiliarics 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, protective

clothing, dust masks, ctc. and by in-
forming and training workers for safe
handling o f dycs and chemicals. Low
dusting, granular dyes if developed by
our manufacturers, can solve lot of
dusting-related health hazards. Dye-
stuff manufacturers can contribute
immensely by supplying Safety Data
Sheets containing the above-described
ecological and toxicological proper-
ties which can then be cffectively used
by processors for waste minimization
techniques.
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