
Iranian Journal of Aquatic Animal Health                                           2 (1) 11-16                          2016

11

Acute toxicity test of detergent powder in silver carp (Hypophthal-
micthys molitrix), common carp (Cyprinus carpio), goldfish (Carassius 
auratus) and roach (Rutilus rutilus caspicus)
A Hedayati1 and  AP Salati2

1 Department of Fisheries , Faculty of Fisheries and Environment, Gorgan University of Agricultural Sciences 
and Natural Resources, Gorgan, Iran
2 Department of Fisheries, Faculty of Marine Natural Resources, Khoramshar University of Marine Science and 
Technology, Khorramshahr, Iran

Recived: August  2015         Accepted: December 2015

Abstract

Different pollutants have undesirable effects on 
aquatic ecosystems, detergent powder is one of the 
elements in the sewages so study on the effects of 
this factor on  aquatic animals is crucial. The aim 
of the present study was to investigate acute effects 
of detergents as potentially dangerous additive to 
assess mortality effects of this product on some 
cultured fish. Silver Carp (Hypophthalmicthys mo-
litrix), Common Carp (Cyprinus carpio), Goldfish 
(Carassius auratus)  and Roach (Rutilus rutilus 
caspicus) were exposed to the 0, 2, 10, 20 and 40 
mg L-1  of detergent powder. All experiments were 
done according the standard methods for 96 h  expo-
sure. LC50 was determined by probit analysis. The 
96h toxicity tests showed 100% mortality at 40 mg 
L-1, and no mortality was observed in 5 mg L-1  for 
all species. LC50 of detergent powder in Goldfish 
(24.6 ± 0.32 mg L-1) was higher than other species, 
while silver carp (16.7 mg L-1) had the lowest one.

Keywords: Fish, LC50, Toxicity test, Detergent 
powder.

Introduction

Acute toxicity tests help us to identify the mode of 

action of toxic substances and may provide infor-
mation on doses associated with target-organ toxic-
ity and lethality. The results from acute toxicity tests 
can provide information for comparison of toxici-
ty and dose-response among members of chemi-
cal classes (Hedayati, Safahieh, Savari & Ghofleh 
Marammazi 2010a).
Detergents are important pollutants of the aquatic 
environments. They usually contain water soften-
ers, processing acids, cleaning agents, anti redepo-
sition agents, optical brighteners, perfume and col-
orings (Okoli-Anunobi, Ufodike & Chude 2002). 
Although many studies have been conducted on the 
toxicity of surfactants on aquatic organisms, there 
is not enough information about the impact of de-
tergents on fish physiologic status. Fish exposed to 
detergents cannot identify the quality of diet (Cairns 
& Lloos 1967) and will die when exposed to high 
doses of detergents (Chattopodhyay & Koner 1985).
LC50 is the ambient aqueous chemical activity 
causes 50% mortality in an exposed population. The 
amount of LC50 is based on two important assump-
tions. The first assumption is that the exposure time 
associated with the specified LC50 is sufficient to 
allow almost complete chemical equilibration be-
tween the fish and the water. The second assumption 
is that the specified one is the minimum LC50 that 
kills the fish during the associated exposure inter-
val. Fortunately, most reliable LC50 satisfies these 
two assumptions (Boudou & Ribeyre 1997).
This study was done to evaluate effects of deter-
gents on some valuable cultured fish of Iran, Silver 
Carp (Hypophthalmicthys molitrix), Common Carp 
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(Cyprinus carpio), Goldfish (Carassius auratus) 
and Roach (Rutilus rutilus caspicus). 

Materials and Methods

Acute toxicity tests were conducted on common 
carp (mean weight 18±2.85 g, SL 12±1.76 cm), sil-
ver carp (mean weight 45±3.64 g, & SL 18±2.04 
cm) , Goldfish (mean weight 15±1.6 g & SL 7±0.3 
cm) and Roach (mean weight 3.5±0.21 g, SL 7±1.10 
cm). Only healthy fish, as indicated by their activity 
and external appearance, were maintained alive on 
board in a fiberglass tank. Samples transferred to a 
400 L aerated tank with 200 L of test medium. 
All samples were acclimated for one week in 15 
aerated fiberglass tanks at 25°C under a constant 12 
h Light and 12 h Dark photoperiod. Acclimatized 
fish were fed daily with a commercial plate (Roshd 
daneh, Gorgan, Iran). Dead fish were immediately 
removed with special plastic forceps to avoid pos-
sible deterioration of the water quality (Gooley, 
Gavine, Dalton, De Silva, Bretherton & Samblebe 
2000). 
Prior to the study, a range-finding test was done to 
determine the concentrations to be used (OECD 
1992). Concentration selection was based on the 
mortality rate obtained in the range-finding test. For 
control group nothing was added to water. Daily ob-
servations for fish mortality were made during the 
test period. Fish were considered dead when they 
failed to respond to gentle prodding (OECD 1992). 
Acute toxicity tests were carried out in order to cal-
culate the 96h-LC50 for detergent powder, based 
on Hotos & Vlahos (1998). Detergent powder test-
ed concentrations were 2, 5, 10, 20 and 40 mg L-1. 
Each treatment was done in triplicate. Test medium 
was not renewed during the assay and no food was 
provided to the animals. Values of the mortalities 
were measured at time 0, 24, 48, 72 and 96 h (He-
dayati, Safahieh, Savari & Ghofleh Marammazi 
2010b).
LC50 values were calculated from the data ob-
tained in acute toxicity bioassays, by Finney’s 
(1971) method of ‘‘probit analysis’’ and with SPSS 
computer statistical software. In Finney’s method, 
the LC50 value is derived by fitting a regression 

equation arithmetically and also by graphical inter-
polation by taking logarithms of the test chemical 
concentration on the X axis and the probit value of 
percentage mortality on the Y axis (Finney 1971). 

Results 

The mortality rate of studying fishes for detergent 
powder doses 0, 2, 10, 20 and 40 mg L-1 were ex-
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Table 1 Cumulative mortality of common carp during acute ex-
posure to detergent powder (n=21, each concentration).

Concentration  
(mg L-1)

No. of mortality
24h 48h 72h 96h

Control 0 0 0 0
2 0 0 0 0
10 0 0 0 0
20 0 0 2 6
40 17 20 21 21

Table 2 Cumulative mortality of silver carp during acute expo-
sure to detergent powder (n=7, each concentration).

Concentration 
(mg L-1)

No. of mortality
24h 48h 72h 96h

Control 0 0 0 0
2 0 0 0 0
10 0 0 0 0
20 1 2 3 6
40 19 21 21 21

Table 3 Cumulative mortality of Roach during acute exposure 
to detergent powder (n=7, each concentration).

Concentration 
(mg L-1)

No. of mortality
24h 48h 72h 96h

Control 0 0 0 0
2 0 0 0 0
10 0 1 3 4
20 18 18 21 21
40 21 21 21 21

Table 4 Cumulative mortality of goldfish during acute exposure 
to detergent powder (n=7, each concentration).

Concentration 
(mg L-1)

No. of mortality 
24h 48h 72h 96h

Control 0 0 0 0
2 0 0 0 0
10 0 0 0 0
20 0 0 1 3
40 17 21 21 21
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amined during the exposure times in 24, 48, 72 and 
96 h (Tables 1-3). During of acute test, numbers of 
dead fish showed a positive relation to concentration 

of detergents, and a significant difference have been 
found between species after 96 h. There was 100% 
mortality at 40 mg L-1 concentration after 96 h for 

Table 5 Lethal Concentrations (LC1-99) of detergent powder (mean ± Standard Error) depending on time (24-96h) for common carp.

Point Concentration (mg L-1) (95 % of confidence limits)
24h 48h 72h 96h

LC1 20.8 ± 0.16 20.8 ± 0.16 20.8 ± 0.16 13.5 ± 0.50
LC10 24.6 ± 0.16 24.6 ± 0.16 24.6 ± 0.16 17.3 ± 0.50
LC30 27.5 ± 0.16 27.5 ± 0.16 27.5 ± 0.16 20.0 ± 0.50
LC50 29.4 ± 0.16 29.4 ± 0.16 29.4 ± 0.16 22.0 ± 0.50
LC70 31.4 ± 0.16 31.4 ± 0.16 31.4 ± 0.16 23.9 ± 0.50
LC90 34.2 ± 0.16 34.2 ± 0.16 34.2 ± 0.16 26.6 ± 0.50
LC99 38.1 ± 0.16 38.1 ± 0.16 38.1 ± 0.16 30.4 ± 0.50

Table 6 Lethal Concentrations (LC1-99) of detergent powder (Mean ± SE) depending on time (24-96 h) for silver carp.

Point Concentration (mg L-1) (95 % of confidence limits)
24h 48h 72h 96h

LC1 20.8 ± 0.16 14.6 ± 0.32 14.6 ± 0.32 13.5 ± 0.50
LC10 24.6 ± 0.16 19.1 ± 0.32 19.1 ± 0.32 17.3 ± 0.50
LC30 27.5 ± 0.16 22.3 ± 0.32 22.3 ± 0.32 20.0 ± 0.50
LC50 29.4 ± 0.16 24.6 ± 0.32 24.6 ± 0.32 22.0 ± 0.50
LC70 31.4 ± 0.16 26.8 ± 0.32 26.8 ± 0.32 23.9 ± 0.50
LC90 34.2 ± 0.16 30.1 ± 0.32 30.1 ± 0.32 26.6 ± 0.50
LC99 38.1 ± 0.16 34.6 ± 0.32 34.6 ± 0.32 30.4 ± 0.50

Table 7 Lethal Concentrations (LC1-99) of detergent powder (Mean ± SE) depending on time (24-96 h) for Roach.

Point Concentration (mg L-1 ) (95 % of confidence limits)
24h 48h 72h 96h

LC1 11.0 ± 0.33 11.0 ± 0.33 7.06 ± 0.50 7.06 ± 0.50
LC10 12.9 ± 0.33 12.9 ± 0.33 9.46 ± 0.50 9.46 ± 0.50
LC30 14.3 ± 0.33 14.3 ± 0.33 11.2 ± 0.50 11.2 ± 0.50
LC50 15.3 ± 0.33 15.3 ± 0.33 12.4 ± 0.50 12.4 ± 0.50
LC70 16.3 ± 0.33 16.3 ± 0.33 13.6 ± 0.50 13.6 ± 0.50
LC90 17.7 ± 0.33 17.7 ± 0.33 15.3 ± 0.50 15.3 ± 0.50
LC99 19.6 ± 0.33 19.6 ± 0.33 17.7 ± 0.50 17.7 ± 0.50

Table 8 Lethal Concentrations (LC1-99) of detergent powder (Mean ± SE) depending on time (24-96 h) for goldfish.

Point Concentration (mg L-1) (95 % of confidence limits)
24h 48h 72h 96h

LC1 20.8 ± 0.16 20.8 ± 0.16 20.8 ± 0.16 14.6 ± 0.32
LC10 24.6 ± 0.16 24.6 ± 0.16 24.6 ± 0.16 19.1 ± 0.32
LC30 27.5 ± 0.16 27.5 ± 0.16 27.5 ± 0.16 22.3 ± 0.32
LC50 29.4 ± 0.16 29.4 ± 0.16 29.4 ± 0.16 24.6 ± 0.32
LC70 31.4 ± 0.16 31.4 ± 0.16 31.4 ± 0.16 26.8 ± 0.32
LC90 34.2 ± 0.16 34.2 ± 0.16 34.2 ± 0.16 30.1 ± 0.32
LC99 38.1 ± 0.16 38.1 ± 0.16 38.1 ± 0.16 34.6 ± 0.32



14

the common carp, silver carp and goldfish; however 
100% mortality recorded for the roach at 20 and 40 
mg L-1 concentrations at the same time. Also, there 
was no mortality at 2 and 10 mg L-1 concentrations 
within the exposure times for the common carp, sil-
ver carp and goldfish, accompanied with no mortal-
ity at 2 mg L-1 concentration within the 96 h after 
dosing for the roach. 
Lethal concentrations of 1, 10, 30, 50, 70, 90 and 
99% test are in Tables 4-8. Because mortality (or 
survival) data were collected for each exposure con-
centration in a toxicity test at various exposure du-
rations (24, 48, 72, or 96 h ), data can be plotted in 
other ways; the straight line of best fit is then drawn 
through the points. 
Toxicity Testing Statistical Endpoints can be found 
in Figure 1. LOEC (Lowest Observed Effect Con-
centration) and NOEC (No Observed Effect Con-
centration) were the same for all studied fishes 
except roach. However, LC50 had a significant dif-
ference among studied species (P<0.05). The Max-
imum Acceptable Toxicant Concentration (MATC) 
for the common carp, silver carp, goldfish and roach 
were 2.2, 2.2, 2.4 and 1.2 mg L-1  of Detergent, 
respectively.

Discussion

An acute toxicity test is first conducted to estimate 
the lethal concentration (LC50) of the chemical in 

water to which organisms are exposed (Di Giulio 
& Hinton 2008). The correlation between mortality 
and the quantity of test chemical are always assumed 
a concentration–response form. LC50 of detergents 
has been reported for Onchorhynchus mykiss 25.11 
mg L-1 (Tomoregie & Okwuosa 2005), Rutilus fri-
sii caspicus 12.2 mg L-1 (Tehrani 2000), Nile tilapia 
7.64 mg L-1 (Omotoso & Fagbentro 2005). Vari-
ability in acute toxicity even in a single species and 
single toxicant are depended on the size, age, and 
condition of the test species along with experimen-
tal factors, however, differences in acute toxicity 
may be due to changes in water quality and test spe-
cies (Rathore & Khangarot 2002).
In the present study, LC50 values indicated that de-
tergent powder (Condor Company, Semnan, Iran) 
was toxic to cultured fishes, especially silver carp. 
LC50 obtained in the present study in comparison 
with corresponding values that have been published 
in the literature for other species of fish, showed 
different LC50 of detergent powder in different 
species and even different time, but lower values of 
LC50 for studied fish were obtained in this study 
has more importance, as confirmed sensitively of 
the used species to low detergent powder doses. 
Although the LC50 under a defined set of environ-
mental conditions can provide useful information, 
the numeric value cannot be used in the field, so in 
continue some ecophysiological indices of cultured 
fishes should be measured for better understanding 
of detergent powder toxicity.
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Figure 1 Comparisons of some toxicity statistical 
indices of detergent powder in common carp, silver 
carp, roach and goldfish.
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 Hypophthalmicthys) ارزیابی سمیت حاد پودر شوینده در کپور نقره ای
 (Carassius auratus) گلدفیش ،(Cyprinus carpio) کپور معمولی ،(molitrix

(Rutilus rutilus caspicus) و کلمھ

على اکبر هدایتى1، امیر پرویز سلاطى2
1 گروه شیلات، دانشکده شیلات و محیط زیست، دانشگاه علوم کشاورزى و منابع طبیعى گرگان

2 گروه شیلات، دانشکده منابع طبیعى دریا، دانشگاه علوم و فنون دریایى خرمشهر

 چکیده  
آلاینده های زیادی اکوسیســتم آبی را تحت تأثیر قرار می دهند. پودر شــوینده موجود در سیســتم فاضلاب از جمله این آلاینده ها می باشد، بنابراین 
مطالعه آثار این عامل بر حیوانات آبزی اهمیت حیاتی دارد. هدف مطالعه حاضر ارزیابی اثر پودر شوینده به عنوان یک ماده سمی بر مرگ و میر چهار گونه 
از ماهیان تجاری رایج بود. بدین منظور ماهیان کپور نقره ای (Hypophthalmicthys molitrix)، کپور معمولی (Cyprinus carpio)، گلدفیش 
(Carassius auratus) و کلمــه (Rutilus rutilus caspicus) در معــرض غلظت هــای ppm ٠، ١٠، ٢٠ و ۴٠ از پودر شــوینده قرار گرفتند. تمام 
آزمایشــات بر اســاس روش استاندارد LC۵٠ ٩۶ ساعته با استفاده از آنالیز پروبیت تعیین شد. نتایج حاصل نشان داد که در غلظت ppm ۴٠ مرگ و میر 
١٠٠٪ بود ولی در غلظت ppm ۵ در هیچ یک از گونه ها تلفاتی ثبت نگردید. LC۵٠ پودر شوینده در گلد فیش (ppm ٠/٣٢±٢۴/۶) بالاتر از سایر گونه های 

مورد بررسی بود و در کلمه (ppm ٠/۵±١٢/۴) کمترین میزان مشاهده شد.

واژه های کلیدی:   ماهی، LC۵٠، سمیت، پودر شوینده.
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