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Abstract Acute (4 day) and short-term (7 day) toxicity
studies (at 1/5th and 1/10th of LCsy) of textile dye
wastewaters and their selected ingredients (azo dye methyl
red and heavy metals Cd, Cu, Ni and Zn) were made on a
freshwater fish Gambusia affinis under laboratory condi-
tions. LCs, value was found to be the lowest in four cases,
and the ECs( value for reduction in erythrocyte counts in
the remaining four tests. Thus, the reduction in erythrocyte
counts to the 50% level was similar in sensitivity to fish
mortality. The short-term toxicity studies revealed signifi-
cant disorders in erythrocyte morphology (poikilocytosis)
and its counts to be the better indices for toxicity moni-
toring in the absence of fish mortality.

Keywords Acute toxicity - Short-term toxicity -
Textile dye wastewaters - Ingredient chemicals

Ninety percent fish survival (in 96 h) is mandatory in
municipal and industrial wastewaters prior to their disposal
in the water courses (Goel and Sharma 1996) to ensure cent
percent safety of fauna, as pollutants will be diluted further
in the recipient water body. However, it is likely that the
pollutants may still be toxic to fish health, detection of
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which using conventional parameter such as mortality may
not be possible. A few studies have documented greater
sensitivity of erythrocytes to pollutants due to their cell
membrane permeability (Moss and Hathway 1964) which
may alter their shape or even destroy them completely
(Sharma et al. 2007). It is important to record that poiki-
locytosis is associated with various pathological disorders
among human beings may also serve as a good indicator of
fish health (McDonald et al. 1978). Thus, study of fish
erythrocytes in relation to pollutant toxicity may serve as
an important tool for examining their health even at a
higher dilution of pollutant/s at which no fish mortality
occurs.

In this communication, we are reporting acute (4 day)
and short-term (7 day) toxicity (at 1/5th and 1/10th dilution
of LCsg) of textile dye wastewaters and their important
ingredient chemicals (heavy metals and an azo dye methyl
red) in terms of mortality and erythrocyte disorders in a
freshwater fish.

Materials and Methods

Textile wastewaters collected separately in clean plastic
cans from an industrial area in Sanganer, Jaipur, India were
transported immediately to the laboratory and stored at
4°C. These were screen wash (released during screen
washing after manual printing) and wastewaters discharged
at different steps of fixing dyes by diazotization and silicate
process. Rapid and indigo dyes are fixed on printed cloth
by soaking in a mixture of acid (hydrochloric/sulphuric
acid) and sodium nitrite (commonly referred to as pass) for
about 15 min in diazotization process whereas in the con-
centrate solution of sodium silicate for about 12 h for
binding reactive dyes in silicate process.
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Physico-chemical characteristics of wastewaters were
analyzed within 24 h of collection using standard methods
(APHA 1989). A stock solution of an azo dye methyl red
(C.I. 13020) was prepared as described earlier (Sharma
et al. 2003). The stock solutions of heavy metals (Cd, Cu,
Ni and Zn) were prepared by dissolving weighed amount of
analytical grade salts in distilled water.

The healthy mature fish (Gambusia affinis Baird & Gerard)
of uniform size (Length = 2.7 £ 0.1 cm; Width = 2.5 +
0.01 mm, Fresh weight = 157 £ 21 mg) were sorted out
from a trough (40 L) where they were acclimatized for
15 days after catch from a tank. The trough had good
plankton population to serve as fish food and Ceratophyllum
demersum Linn (a submerged hydrophyte) to oxygenate
water. The fish starved for 24 h in dechlorinated water were

Table 1 Physico-chemical characteristics of textile wastewaters

Wastewaters pH EC (mS) COD (ppm) Cu (ppm)
Pass 1.1 102.8 4535 63
Screen wash 8.6 4.86 865 0.17
Silicate 11.7 21.7 511 Nil

exposed to six test concentrations and tap water (control)
filled in plastic buckets (5 L). Three replicates were used for
a test concentration/control having 10 healthy fish in each
replicate. The tap water/test concentration was replaced after
every 24 h (APHA 1989). After 96 h exposure, autopsy of
the surviving fish was done for erythrocyte counts (Lee et al.
1993). LCsq (for mortality) and ECs (for erythrocyte counts)
values were calculated by probit analysis using Compaq
Personal Basic Version (APHA 1989).

We also evaluated short-term (7 day) toxicity of the
textile dye wastewaters, an azo dye methyl red and four
heavy metals at two sublethal concentrations (1/5th and
1/10th of LCso values) prepared by diluting their stock
solutions with the tap water. Methyl red toxicity was
examined even at a higher dilution (1/20th of LCs;). After
recording mortality on 4th and 7th day of the study,
autopsies of the surviving fish were done for erythrocyte
counts and blood smear preparation (Lee et al. 1993).
Almost 200 erythrocytes in 20 microscopic fields
(10x x 100xs) were observed to quantify morphological
abnormality in a treatment (control/wastewater/heavy
metal).

Table 2 LC/ECs, values of

textile dye wastewaters (%) and Waste.waterslingredient LC/ECs Probit . . 95% Confidence limit
their selected ingredient chemicals regression line Upper Lower
chemicals (ppm)
Pass
LCs 0.67 Y =6.153 + 6.772 X 0.905 0.504
ECs 1.09 Y = 4.889 + 2.857 X 27.454 4.355E - 02
Silicate
LCsg 2.59 Y =4291 + 1715 X 13.565 0.494
ECsg 2.89 Y = 3.849 + 2.490 X 7.292 1.151
Screen
LCso 20.28 Y =2.016 + 5.372 X 39.199 10.452
ECs 43.13 Y = —19.260 + 14.840X 44.221 42.070
Methyl red
LCsg 54.8 Y =—-15.707 + 11911 X 66.976 44.754
ECsg 41.4 Y = —4.430 + 5.833 X 43.327 39.487
Cd
LCsg 18.51 Y = —-11.616 + 13.109 X 22.850 15.002
ECsg 21.35 Y = —5.581 + 7.959 X 24.440 18.659
Cu
LCsg 0.25 Y =6.781 + 2.995 X 0.429 0.150
ECs 0.19 Y =6.777 + 2484 X 4.856 7.651E - 03
Ni
LCsg 13.59 Y = -7.760 4+ 11.258 X 15.434 11.975
ECsg 11.80 Y =3.086 + 1.785 X 80.784 1.725
Zn
LCso 53.28 Y = —24.088 + 16.847 X 56.466 50.281
ECs 52.48 Y = —31.118 + 20.999 X 53.159 51.813
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Results and Discussion

The pass (P) and silicate (S) wastewaters had extreme
values for various physico-chemical parameters were
moderate for screen wash (Table 1). They were found toxic
to fish causing both external and internal injuries such as
darkening of body, extensive mucous secretion (a defen-
sive mechanism) and dyes deposition (in silicate and screen
wash) over the external (gills) and internal organs (lateral
line and digestive system). The ingredient chemicals
affected fish similarly.

Among the wastewaters, P was found to be the most
toxic followed by S and screen wash, as evident by their LC
and ECs values respectively for mortality and reduction in
erythrocyte counts (Table 2). Further, their ECsy values
were higher than LCs, values suggesting erythrocytes to be
lesser sensitive to wastewaters during acute exposure. The
high fish mortality may be related to impairment of gaseous
exchange through greater damage to gills.

Among ingredient chemicals, copper had maximum tox-
icity, even higher than pass wastewater, whereas methyl red
—an azo dye — was the least toxic (Table 2). Zinc was found
to be the least toxic among metals and sensitivity of eryth-
rocytes to it was at par with fish mortality. Copper and nickel
were however, more toxic to erythrocytes while cadmium to
fish mortality. Thus, fish response varied with metals.

It is evident that out of eight different acute toxicity
tests, the LCso value is the lowest in four cases, and the
ECs, value in the remaining tests. Thus, the reduction in
erythrocyte counts to the 50% level was similar in sensi-
tivity to fish mortality as determined by the LCs.

The maximum toxicity of P amongst the wastewaters
may be ascribed to the combination of dye/s with metal
(copper). Further, extreme pH values of P and S waste-
waters may have synergistic effects on toxicity, as reported
for methyl red and copper (Sharma et al. 2007).

During short-term toxicity tests, textile dye wastewaters
and their ingredient chemicals (heavy metals and dye) were
found non-toxic to fish. They were, however, cytotoxic
manifested as reduction in erythrocytes counts and their
morphological abnormalities (poikilocytosis) progressing
with dose and exposure period (Tables 3, 4, 5), and were in
the order of:

Erythrocyte counts (reduction)

Wastewaters: Screen (18%—-31%) > Pass (9%—-21%)
~ Silicate (Nil to 26%)

Ingredient chemicals: Methyl red (27%-33%) > Cu
21%-28%) > Ni (2%—13%) > Cd (Nil to 5%) > Zn
(nil)

It is evident that screen wash (wastewater from printing
screen) and methyl red, both being rich in dyes, were rel-
atively more cytotoxic.

Table 3 Erythrocyte counts of fish exposed to sub-lethal concentra-
tions (1/5th & 1/10th of LCsq value) of textile dye wastewaters and
ingredient chemicals

Treatments Erythrocyte counts (x10* cells mm™>)
4th day 7th day
Textile dye wastewaters
Control 65.8 £ 4.1 64.7 £ 3.0
Pass
1/5th 52.7 £ 3.2%% (=20) 50.8 £ 4.7%% (=21)
1/10th 54.8 £ 3.6% (—17) 59.2 £ 5.1* (-8.5)
Silicate
1/5th 54.7 &£ 3.7%% (—17) 47.8 £ 4.5%* (—26)
1/10th 62.7 £ 1.5 (-5) 645 + 1.8
Screen wash
1/5th 53.5 £ 1.0¥* (—19) 44.5 £+ 1.7%*% (=31)
1/10th 54.5 £ 2.2%% (—17) 53.0 £ 4.4%* (—18)
Ingredient chemicals
a. Dye
Control 65.8 + 4.1 64.7 + 3.0
Methyl red
1/5th 45.7 £ 5.3%*% (=31) 43.3 £+ 1.8%* (-33)
1/10th 53.7 £ 1.6% (—19) 47.5 £ 3.9%*% (=27)
1/20th 60.7 £ 4.7 (—8) 573 £ 1.3*% (—12)
b. Heavy metals
Control 56.7 £ 19 555+ 13
Cadmium
1/5th 532 £33 (-6) 53.0 £ 0.5 (-5)
1/10th 59.5 £ 4.0 (+5) 557 +23
Copper
1/5th 48.5 £ 2.1* (—15) 40.0 £ 2.8%* (— 28)
1/10th 543 £ 23 (—4) 43.8 £+ 1.8%* (=21)
Nickel
1/5th 48.5 £ 2.2% (—15) 48.5 £ 3.5*% (—13)
1/10th 557 £ 1.4 (-2) 543 £ 4.8 (-2)
Zinc
1/5th 577 £29 (+2) 548 £2.0(—1)
1/10th 552 £2.0(-3) 56.3 £ 2.5 (+1)

Data in parenthesis denote percentage change in erythrocyte counts in
comparison to control

* Significant at 5%, ** at 1% probability

Poikilocytosis
Wastewaters: Pass

53%) > Screen (23%—45%)
Ingredient chemicals: Cu (8%-54%) > Methyl red
(25%—-46%) ~ Cd (26%—47%) > Ni (3%-39%) ~ Zn

(5%—-36%)

(36%-76%) > Silicate (17%—

It is evident that poikilocytosis was more prevalent in

erythrocytes. This being so sensitive that it detected tox-
icity even in the absence reduction of erythrocyte counts,
as noted for zinc.
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Table 4 Percentage of normal

(ovalocytic), abnormal Treatments Intact erythrocytes shape Ruptured
(poikilocytic) and ruptured Ovalocytic Poikilocytic Vacuolated erythrocytes
erythrocytes in control, textile
wastewater and methyl red Textile dye wastewaters
exposed fish Control
4D 96.6 £ 2.4 34 +£21 Nil Nil
7D 98.2 £ 0.7 1.8 £ 0.7 Nil Nil
Pass
1/5th
4D 48.8 + 2.0%%** 51.2 £ 5.0%%* 20.5 + 2.7 6.5+ 32
7D 24.4 £ 3.9%%* 75.6 £+ 3.8%%* 12.0 £ 39 7.7 +£5.0
1/10th
4D 63.5 £ 4.0%%* 36.5 £ 5.4%* 11.8 £42 1.9+£05
7D 51.7 £ 3.0%%* 48.3 £ 4.2%%* 1.8 £ 1.1 55+26
Silicate
1/5th
4D 82.4 + 3.8%* 17.6 £ 1.5%%* 48 £ 1.7 24+ 1.8
7D 47.0 £ 3.4%%* 53.0 £ 3.6%%* 128 £ 4.6 Nil
1/10th
4D 64.5 £+ 3.9%%* 35.5 £ 3.1k 11.8 £32 Nil
7D 51.8 & 4.3%%* 48.2 £ 2.8%%** 1.7 £ 05 94+ 4.0
Screen
1/5th
4D 76.3 £ 5.5%%* 237 £ 2.8%* 29+ 1.8 6.6 £29
7D 60.0 £+ 7.5%* 40.0 4 5.3%%* 0.7 + 1.1 123 £ 5.1
1/10th
4D 63.5 + 4.0%* 36.5 £ 2.1%%* Nil 394+23
7D 55.1 £ 3.5%%% 44.9 £ 6.4%%* Nil 43+£18
Methyl red
Control
4D 97.8 £ 1.6 22+ 1.0 Nil Nil
7D 97.6 £ 0.5 24 +09 Nil Nil
1/5th
4D 66.7 + 5.6%* 33.3 £ 2.5%%* Nil 53+ 1.8
7D 60.8 + 6.5%* 39.2 £ 3.3k Nil 32+ 1.0
1/10th
4D 54.2 £ 2.5%%% 45.8 £ 1.4%%* Nil Nil
7D 74.5 £ 4.5%* 25.5 £ 3.0%%* Nil Nil
1/20th
D days 4D 88.1 + 4.4% 11.9 + 2.2% Nil Nil
* Significant at 5%, 7D 83.8 + 5.9* 16.2 + 2.2% Nil Nil

** at 1%, *** at 1% probability

Among poikilocytes, beaked and triangular forms were
more dominant whereas crenated erythrocytes were present
only in pass wastewater exposed fish. The erythrocytes of
wastewater exposed fish were also vacuolated. As evident,
textile wastewaters are more toxic to erythrocytes, possibly
due to combination of different pollutants such as dyes,
heavy metals, acids, alkalis etc.

The cytotoxicity of dyes, heavy metals and textile dye
wastewaters to erythrocytes in terms of reduction in their
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counts (Goel et al. 1981; Kurde and Singh 1995; Sharma
et al. 2003; Vosyliene and Jankaite 2006; Banu et al. 2007)
and poikilocytosis (Murugesan et al. 1989; Sharma et al.
2007) is well documented, and so, they may serve as an
important tool for monitoring environmental contamination.

Present study has thus demonstrated relevance of data
on fish mortality and their erythrocyte counts for measuring
acute toxicity of pollutants while only of erythrocytes
(especially poikilocytosis) for short-term toxicity at sub-
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(To?/l;llf)csyti}()j,rcjbnr:iii;f normal Treatments Intact erythrocytes shape Ruptured
(poikilocytic) and ruptured Ovalocytic Poikilocytic Vacuolated erythrocytes
erythrocytes in control, textile
wastewater and methyl red Control
exposed fish 4D 97.1 + 1.8 29409 Nil Nil
7D 95.6 £ 1.5 44+ 15 Nil Nil
Cd
1/5th
4D 69.4 £ 2.5%%:% 30.6 £ 3.1%%* Nil 36+26
7D 534 + 7.8%* 46.6 £ 2.5%%* Nil 83+ 4.1
1/10th
4D 73.5 £ 4.5%%* 26.5 £ 3.3%%* Nil 0.5 £+ 00
7D 74.3 + 4.6% 25.7 £ 3.2k Nil Nil
Cu
1/5th
4D 61.8 £+ 6.3%** 38.2 £ 4.3k Nil 1.2 £09
7D 46.2 £ 5.0%%* 53.8 £ 5.5%** Nil 41+13
1/10th
4D 70.0 £ 4.8%%:* 30.0 £ 4.2%* Nil 09 £ 1.6
7D 925+ 33 75 +32 Nil 41+138
Ni
1/5th
4D 747 £+ 5.0%%* 253 + 5.1* Nil 6.7+ 3.4
7D 61.2 £ 6.0%%* 38.8 £ 5.5 Nil 7.6 £ 1.7
1/10th
4D 96.7 £ 4.0 33+ 14 Nil Nil
7D 63.2 £ 4.5%%:% 36.8 £ 5.6%%* Nil 43 +25
Zn
1/5th
4D 95.0 £ 5.2 50+ 26 Nil 89 +32
7D 64.3 £ 5.7%%% 35.7 £ 4.0%%* Nil 132 +49
1/10th
D days 4D 82.1 4+ 2.1% 17.9 + 6.8* Nil 7.5+ 34
* Significant at 5%, 7D 76.4 + 3.8% 23.6 + 3.0%% Nil 10.0 + 4.7

** at 1%, *** at 1% probability

lethal concentrations. The water managers relying on fish
survival data for discharging wastewaters in the water
courses must therefore, also evaluate erythrocytes for
measuring toxicity at higher dilutions in order to initiate
corrective measures for ecosystem health.
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