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Abstract Laboratory experiments were conducted to

evaluate the acute toxicity of a widely used textile dye

namely Reactive Red 120 (RR 120) on certain aquatic

species such as Pseudokirchneriella subcapitata (green

alga), Lemna gibba (duck weed), Daphnia magna (water

flea) and Oncorhynchus mykiss (Rainbow trout). All

experiments were performed as per the OECD Guidelines

for Testing of Chemicals. The toxicity end points of EC50,

LC50, NOEC and LOEC for RR 120 were determined with

95 % confidence limits using TOX STAT version 3.5. The

EC50 of RR 120 for green alga, duck weed and water flea

are[100.00, 64.34, 10.40 mg L-1, respectively and LC50

for Rainbow trout is 78.84 mg L-1. Based on the results,

the test item RR 120 could be classified as non-toxic to

green alga, harmful to duck weed and Rainbow trout, toxic

to water flea.
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Dyes are natural or synthetic, ionizing and aromatic organic

colorants possessing characteristics such as solubility, strong

color, substansiveness and promptness (Mohan et al. 2002).

Eventually, its usage has been terrifically augmented owing

to industrialization and man’s desire for color with the world

wide annual production of dye over 7 9 105 tons. Synthetic

dye stuffs are used comprehensively in textile, paper, print-

ing, leather tanning, plastic, cosmetics, food processing,

carpet, pharmaceutical industries and dye houses (Mohan

et al. 2002; Aksu and Tezer 2005; Daneshvar et al. 2005;

Gupta et al. 2005). Reactive dyes are greatly employed in the

textile industry that utilizes about 10,000 different dyes and

pigments. They are largely used in dyeing cotton and other

cellulose-based fibres. Regardless of their comparatively

high price, reactive dyes are used due to their exceptional

colour fastness and ease of dyeing procedure (Klemola

2008). Reactive Red 120 (RR 120), a polyaromatic dye is

most often stumbled upon in the case of textile dyes. They

bind to textile fibers like cotton through covalent bonds and

are well-accepted because of their bright color, trouble-free

application and water- fast characteristics (Aksu and Tezer

2005).

Dye containing waters have been emerging as a bur-

geoning challenge (Kumar et al. 2006). The extremely col-

ored effluents released from textile industries into the aquatic

ecosystems are of grave ecological concern due to its toxi-

city, mutagenicity and non-biodegradability which makes

waste water treatment extremely intricate (Edris et al. 2013).

Disturbed photosynthetic activity due to abridged light

penetration and occurrence of aromatics, metals and chlo-

rides adversely affects the food chain organisms that cul-

minate in an ecological imbalance (Pearce et al. 2003).

Owing to the snag associated with textile dyes, aware-

ness is on the rise with regard to the ecological effects of

dyes. A toxicant when delivered to its target reacts with it

and the ensuing cellular dysfunction manifests itself in

toxicity and this is when the toxicity of a compound

becomes evident (Klemola 2008). At times, rather than

reacting with a definite target molecule, a xenobiotic
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adversely affects the biological (micro) environment and

leads to deleterious effects. (Gregus and Klaassen 2001).

Biodepressive effects like mortality is harmful to the

ecosystem. Ecotoxicity test is carried out to assess the

effects of toxic substances to the biotic system.

RR 120 is an important dye which is widely used in the

textile industries. But there has been a dearth of informa-

tion with regard to the ecotoxicological facet of RR 120.

Being an extensively employed dye with regard to textiles,

it is indisputably pertinent to generate data on its ecological

toxicity which at present is not available. Thus, we have

promptly made an attempt to find the ecotoxicological

consequences of RR 120 by performing the toxicity study

on various aquatic organisms. Toxicity tests on aquatic

organisms are crucial because they play the role as a piv-

otal producer in the aquatic food chain (Mohammed et al.

2011). In the present study, we investigated the acute

toxicity of RR 120 dye to the fresh water green alga

(Pseudokirchneriella subcapitata), gibbous duck weed

(Lemna gibba), cladoceran freshwater water flea (Daphnia

magna) and the salmonid fish (Oncorhynchus mykiss).

Materials and Methods

The RR 120 dye (Procion Red HE-3B; C44H24Cl2N14O20-

S6Na6) was obtained from Sigma-Aldrich Chemicals Co.,

St. Louis, USA. The dye is available in the form of red

uniform powder.

Prior to the start of experiment, the stability of RR 120

dye was determined in OECD TG 201 medium for alga,

20X-AAP medium for L. gibba, M4 medium for daphnia

and blended water for fish using the method of UV–visible

spectrophotometry (Shimadzu UV–VIS 1601, UV scanning

range 190–900 nm). RR 120 dye spiked with the concen-

tration of 100 mg L-1 and control were used for analysis.

The 0th and 72 h sample were analyzed for OECD TG 201

medium. The sampling occasions in the case of 20X AAP

medium were day 0, 3, 5 and 7. For stability analysis in M4

medium, the samples at 0 h (within 30 min after spiking),

24 and 48 h were taken. In the case of blended water,

samples were taken at 0, 24, 48 and 96 h. The linearity was

also determined for the dye RR 120 dissolved in each of the

different media. The dye concentrations chosen for the

individual medium to determine the linearity range were

0.05, 0.1, 0.5, 1.0, 10.0 and 50.0 and 100.0 mg L-1.

Experiment was done to study the effect of RR 120 dye

on the growth of P. subcapitata. The green alga, P. sub-

capitata Strain No. 61. 81 SAG (formerly known Sele-

nastrum capricornutum) was obtained from SAG:

Collection of Algal Cultures, Institute of Plant Physiology,

University of Göttingen, Germany. The test was performed

based on the OECD Guideline No. 201. Pre-culture of P.

subcapitata was done three days prior to start of the

experiment. The pre-culture and the studies were per-

formed using the shaker incubator at 100–120 rpm, under

continuous illumination of 6000–8000 lux at 22 ± 2�C.
The stock solution of 100 mg L-1 was prepared by dis-

solving 56.62 mg dye in 566.2 mL of OECD TG 201

medium (pH of 8.1 ± 0.1). The P. subcapitata was

exposed to different concentrations of dye viz., 9.4, 20.7,

45.5 and 100.0 mg L-1 with a factor of 2.2. Concurrent

control group was maintained. Three replicates for con-

centrations and six replicates for control were maintained.

The flasks were inoculated with an initial cell concentration

of about 1 9 104 cells per mL. The study was performed

for a period of 72 h. The cell count (Number of cells/mL)

and appearance of exposed algal cells were recorded using

Improved Neubaur’s Haemocytometer under the light

microscope at 24, 48 and 72 h after inoculation. During the

experiment, all validity criteria were met as per the

Guideline. Based on the initial and mean cell count at 24,

48 and 72 h, the percentage inhibition of growth rate (%

Ir), yield (% Iy) and biomass (% Ib) were calculated. Based

on the inhibition of growth rate, yield and biomass, the

toxicity values for EyC50 (0–72 h), EyC20 (0–72 h), EyC10

(0–72 h), EbC50 (0–72 h), EbC20 (0–72 h), EbC10 (0–72 h),

ErC50 (0–72 h), ErC20 (0–72 h) and ErC10 (0–72 h) and

their 95 % confidence limits were determined. The effec-

tive concentration (EC) values, least observable effective

concentration (LOEC) and no observable effective con-

centration (NOEC) were calculated using TOX STAT

version 3.5.

The effect of RR 120 dye on the growth of L. gibba was

performed based on the OECD Guideline No. 221. The L.

gibba culture was obtained from Germany. Young, rapidly

growing plants without visible lesions or discoloration

(chlorosis) were used for preparation of pre-culture needed

for the study. Sufficient colonies of the culture were

transferred aseptically into fresh sterile culture medium,

7–10 days before the study initiation. The inoculated flasks

were kept in the growth cabinet (slanting position) pro-

vided with continuous illumination of light in the range of

6500–10,000 lux using white fluorescent lamps and at

temperature of 24 ± 2�C for 7- 10 days. L. gibba was

exposed to different concentrations of dye (0.01, 1.0, 50.0,

100 mg L-1) and concurrent control group was also

maintained. Three replicates for concentrations and six

replicates for control were maintained. Number of fronds

and its appearance were recorded on days; 3, 5 and 7.

During the experiment, toxic symptoms (e.g. presence of

undissolved material and colour) and appearance of the

fronds including frond size, necrosis, chlorosis, gibbosity,

colony break- up or loss of buoyancy, root length and break

down if any were recorded. On day 0 and day 7, colonies/

fronds from control and treated beakers were kept in a pre-
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weighed sterile glass vessel and dried at 60�C in hot air

oven for three days to obtain the final dry weight. Based on

frond number and dry weight, percentage inhibition of

yield (% Iy), growth rate (% Ir) and biomass (% Ib) were

calculated. Also, the toxicity values for EyC50, EyC20,

EyC10, EbC50, EbC20, EbC10, ErC50, ErC20 and ErC10 and

their 95 % confidence limits were determined and the EC

values, LOEC and NOEC were calculated using TOX

STAT version 3.5.

Daphnia magna immobilization test was done based on

the OECD Guideline No. 202. D. magna primary culture

was obtained from Marinco Bioassay Aqua culture Lab,

United States. Individual beaker culture is maintained in

M4 medium. Test conditions such as a photoperiod of 16 h

light and 8 h darkness and temperature of 18–22�C were

maintained. The physico-chemical parameters such as pH

(6–9) and hardness (140–250 mg L-1) of M4 medium

were also maintained during the study period. M4 medium

was prepared one to two days prior to the commencement

of the experiment and aerated before use. Daphnids (\24 h

old) were exposed to different dye concentrations; 0.1, 1.0,

10.0, 50.0, 100.0 mg L-1 and Control for 48 h. 50 mL of

dye solution at different concentrations was transferred into

sterile 100 mL test beakers. Five daphnids were released

into the beakers and covered with watch glass. The daph-

nids were not fed during the experiment. Daphnids were

observed for immobility at 24 and 48 h of exposure by

placing each beaker on an electric light table/or under an

electric lamp/naked eye. Those daphnids not able to swim

within few seconds by gentle agitation (swirl) at 24 and

48 h were considered as immobile.

Percent immobilization ¼ðNo: of daphnids immobilized=
No: of daphnids exposedÞ � 100

ð1Þ

Any abnormal behavior such as pale coloration, floating

and lethargy were selected for the criteria to evaluate the

toxicity of RR 120 dye. Based on percentage immobility

data, the 24 and 48 h EC50 (with 95 % confidence limits),

LOEC and NOEC were calculated using TOX STAT ver-

sion 3.5.

Fish acute toxicity test was performed based on theOECD

Guideline No. 203. Rainbow trout (O. mykiss) was procured

fromKDHPPlantations,Kerala, India and used for the study.

Fishes (ten fishes each) were exposed to different dye con-

centrations; 1.0, 10.0, 50.0 and 100.0 mg L-1. Concurrent

control group was maintained. The fishes were observed on

3, 6, 24, 48, 72 and 96 h after exposure for any mortality and

any behavioral abnormalities such as pigmentation, loss of

equilibrium, lateral lying at the bottom of the aquaria, rapid

opercular movement, excessive mucous production, curved

spine, surfacing movements, hyperactivity, lethargy were

selected for the criteria to evaluate the toxicity of RR 120

dye. Based on the percentage mortality data, the 24, 48, 72

and 96 h LC50 (with 95 % confidence limits), LOEC and

NOEC were calculated using TOX STAT version 3.5.

Verification of RR 120 dye concentrations for each of

the acute toxicity studies was done using the analytical

method of UV–visible spectrophotometry (Shimadzu UV–

VIS 1601, UV scanning range 190–900 nm). During the

algal growth inhibition test, samples of control and RR 120

dye concentrations at 0 and 72 h were analyzed. The

samples of control and dye concentrations maintained

during the L. gibba growth inhibition test at day 0 and 7

were chosen for dose verification analysis. For D. magna

immobilization test, samples were collected at 0 and 48 h.

In the case of fish acute toxicity test, 0 and 96 h samples

were collected.

Results and Discussion

Pollution of aquatic bionetwork by the emancipation of

industrial dyes and effluents is an escalating subject. Even

in minimum quantities, dye affects the visual merit and

clarity of water and thereby the photosynthetic activity

(Robinson et al. 2001). The stability and fade resistant

properties of dyes against exposure to water, light, sweat

and oxidizing agents make their degradation easier said

than done (Aksu and Tezer 2005). This raises question

regarding the toxicity of dyes to environment.

In the present study, the stability analysis method has

linearity over the dye concentration range of 0.05–

50 mg L-1. For each of the media, the calculated correlation

co-efficientwas 1.000. The limit of quantification (LOQ) and

limit of detection (LOD) was determined as 0.05 mg L-1.

The dye completely dissolved in all the four media and the

stock solution was clear with no insoluble material present.

The results of the stability analysis of RR 120 dye in OECD

TG 201 medium showed 97.36 % and 95.98 % recovery at

0th and 72 h. In the case of 20X AAP medium, 95.71 %,

95.42 %, 95.33 % and 94.84 % of the dye concentration

were recovered at day 0, 3, 5 and 7 respectively. Stability

analysis in M4 medium showed dye recovery of 98.12 %,

95.72 % and 95.23 % at 0th, 24 and 48 h. Stability analysis

of RR 120 dye in blended water showed a recovery of

98.77 %, 98.54 %, 98.14 % and 94.06 %.

Phytoplankton is the algae which form the basic food for

the aquatic fauna. The growth of the algae is a recom-

mended model system for assessing possible effects of

chemicals on primary production in water. The regenera-

tion times for unicellular algal species are measured in

hours. The relatively short test of alga growth inhibition

can determine effects over several generations. In the

treated flasks, cells appeared normal in shape and green in
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colour. Subsequent decrease in cell count was observed

with increasing dye concentrations. The cell concentration

in the control flask was 202 9 104 cells (mL)-1 which

indicates 202 times increase in cell count during the 72 h

experiment. Highest percentage inhibition of growth rate,

yield and biomass was observed for 100.00 mg L-1 dye

concentration. Also the EyC50, ErC50 and EbC50 were

determined as[100.00 mg L-1. The level of significance

was accepted at p B 0.05. The determined NOEC was

9.4 mg L-1 (Table 1). Hence, the dye appears to be toxic

only at concentrations greater than 100.00 mg L-1. These

results suggest that the selected dye concentrations are not

toxic to P. subcapitata. Dye removal from industrial

effluents is of immense significance to the aquatic

ecosystems for which bioaccumulation and biodegradation

designs are in the vanguard today as against the conven-

tional treatment methods (Çelekli et al. 2013). Aksu (2005)

and Crini (2006) have mentioned the importance of various

functional chemical groups of algal cell wall in capturing

dye from wastewaters and reports affirm the biosorbent

property of algae (Kumar et al. 2006; Dönmez and Aksu

2002). This concept throws light regarding the relevance of

screening P. subcapitata as an important biological entity

for further dye decolorization and degradation studies.

Duckweeds are widespread free floating aquatic plants

ranging in the world from tropic to temperate zones. They

are a food source for waterfowl and small animals and

provide shade and shelter for fish. The plants also serve as

physical support for a variety of small invertebrates. Thus

it is essential to understand the effect of dyes on these

aquatic plants.

In the case of L. gibba growth inhibition study, the

observations made on days; 3, 5 and 7 showed no toxic

symptoms and change in appearance of the fronds. Based

on frond number and dry weight, the percent inhibition of

growth rate, yield and biomass were calculated. The

highest percent inhibition of growth rate, yield and biomass

were observed with 100 mg L-1 dye concentration. The

NOEC and LOEC were determined as 1.0 and

50.0 mg L-1, respectively (Table 1). This indicates that

the dye would be harmful to L. gibba at concentration

[50.00 mg L-1.

Invertebrates occupy a key position as intermediate

consumer in pelagic as well as in the benthic food chain of

aquatic ecosystems. The reasons for the selection of

Daphnids for routine use in toxicity testing are both sci-

entific and practical, since they are broadly distributed in

fresh water bodies. In acute immobilization test using D.

Table 1 Effective and lethal concentration determined for RR120

EC50 (mg L-1) EC20 (mg L-1) EC10 (mg L-1) NOEC (mg L-1) LOEC (mg L-1)

Alga growth inhibition test

% Ir [100.00 [100.00 70.65 9.4 –

% Iy [100.00 19.51 6.32

% Ib [100.00 19.69 6.37

Lemna, growth inhibition test

Based on frond No.

% Ir – – – 1.0 50.0

% Iy 37.32 12.24 6.83

% Ib 64.34 32.30 15.57

Based on dry weight

% Ir – – – 1.0 50.0

% Iy 34.64 12.20 7.07

% Ib 37.46 12.70 7.22

Daphnia magna immobilization test

% Immobilization (24 h) 51.10 27.19 11.36 1.0 10.0

% Immobilization (48 h) 10.40 – – 1.0 10.0

LC50 LC20 LC10 NOEC LOEC

Fish acute toxicity test

% Mortality (96 h) 74.84 38.99 15.26 50.0 100.0

Level of significance p B 0.05

EC effective concentration, LC lethal concentration, NOEC no observable effective concentration, LOEC least observable effective concentration

Bull Environ Contam Toxicol (2015) 95:582–587 585

123



magna, the Daphnids treated with various concentrations of

dye showed no abnormal behavior at 24 and 48 h. 100 %

immobilization was observed with the higher dye concen-

trations of 50.0 and 100.0 mg L-1. The 24 and 48 h EC50

(with 95 % confidence limits) was calculated as 51.10 and

10.40 mg L-1 respectively. The NOEC and LOEC were

determined as 1.0 and 10.0 mg L-1 (Table 1). Based on

the results obtained the dye concentrations above

10.0 mg L-1 would be toxic to daphnia.

Fish toxicity test in ecotoxicology is a logical conse-

quence of ecological and economic factors. Although there

may be other aquatic organisms in the aquatic environment

with greater sensitivity to xenobiotics, fish constitutes as

one of the bio-indicator organism. The fishes after treatment

with dye did not show any behavioral abnormalities at 3, 6,

24, 48, 72 and 96 h. Fish acute toxicity study revealed the

highest percent mortality at 96 h as 80 % for 100.0 mg L-1

dye concentration. The calculated LC50 was 74.84 and the

NOEC and LOEC was determined at 50.0 and 100.0

mg L-1 (Table 1) which indicates that the dye would be

toxic to fish at concentrations above 75.0 mg L-1.

For verification of RR 120 dye concentrations, samples

of control and RR 120 dye concentrations were analyzed

for each of the acute toxicity studies. The results of anal-

ysis are presented in Table 2. The recovery of RR 120 dye

for different concentrations in the four studies was greater

than 90 %. Therefore, biological results are calculated

based on nominal concentrations.

In the present study, we made an attempt to demonstrate

the acute toxicity of RR 120 dye to certain aquatic test

species. Based on the results of our study, it could be

concluded that RR 120 dye is not a highly toxic chemical

to aquatic species. The intensity of toxicity levels varied

from species to species which might be due to their

behavioral responses and habitation. Further studies on

long term effect of RR 120 dye on aquatic test systems are

warranted, as such data stand as an imperative necessity.
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Table 2 Verification of RR 120 dye concentrations

Nominal

concentration (mg L-1)

Average recovered concentration (mg L-1) Average recovery (%)

Algae 0th h 72 h 0th h 72 h

9.4 9.395 8.895 99.95 94.63

20.7 20.185 19.772 97.51 95.52

45.5 44.635 43.629 98.1 95.89

100 97.334 95.953 97.33 95.95

Daphnia 0th h 48 h 0th h 48 h

0.1 0.095 0.093 94.93 93.41

1 0.961 0.946 96.10 94.58

10 9.692 9.502 96.92 95.02

50 48.385 47.458 96.77 94.92

100 98.102 95.200 98.10 95.20

Fish 0th h 96 h 0th h 96 h

1 0.968 0.928 96.80 92.81

10 9.890 9.441 98.90 94.41

50 49.322 48.862 98.64 97.72

100 98.739 93.911 98.74 93.91

Lemna Day 0 Day 7 Day 0 Day 7

0.01 BDL BDL BDL BDL

1 0.954 0.921 95.45 92.09

50 49.851 47.745 99.70 95.49

100 95.694 94.824 95.69 94.82

BDL below detectable level
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