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ABSTRACT 
Background: Aquatic ecosystems are frequently subjected to contamination by toxic heavy 
metals and pesticides, yet very little is known about the influence of pesticides on 
bioaccumulation of heavy metals in aquatic organisms. Mercury is a toxic metal with no known 
biological benefit to organisms. Bioavailability of mercury in aquatic environments depends on 
biological and non-biological parameters including other pollutants. Therefore, the objectives of 
this research were to determine the effects of permethrin on bioaccumulation of mercury in 
zebra cichlid.  
Methods: Acute toxicity (LC50) of permethrin and mercury chloride was evaluated by 
estimating mortality in Probit Model in SPSS (version 19.0 IBM). In sub-lethal toxicity, zebra 
cichlid (Cichlasoma nigrofasciatum) was exposed to various concentrations of permethrin (0.0, 
0.40, 0.80, 1.20 and 1.60 µg.L-1) combined with 20 µg.L-1 mercury chloride for 15 days. At the 
end of the experiment, mercury concentrations were measured using ICP-OES-Perkin elmer 
(optima 7300-DV). 
Results: 96 h LC50 values of permethrin and mercury for C. nigrofasciatum were calculated to 
be 17.55 µg.L-1 and 140.38 µg.L-1, respectively. Our results clearly showed that the 
bioaccumulation of mercury in the specimens increased with increasing concentrations of 
permethrin to 1.20 and 1.60 µg.L-1. 
Conclusion: Increasing the concentration of permethrin had synergistic effects on the 
bioaccumulation of mercury in fish. 
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INTRODUCTION 

Mercury is a highly toxic element that is 
found both naturally and as an introduced 
contaminant in the environment. Mercury 
contamination of fish is a natural occurrence 
exacerbated by human activities [1-3]. In 
freshwater, there are many biological and non-
biological factors including individual 
characteristics of each species, tropic 
interactions, source of Hg, physicochemical 
quality of water, and types and levels of 
pollutants that have significant effects on the 
bioavailability and bio-accumulation of mercury 
in fish [2, 4-7]. Since complete detoxification of 
mercury in fish is not allowed by inducing 
metallothioneins [8], the bioaccumulation of 
mercury is a real threat to the survival of fish. 
Moreover, mercury bio-concentration increases 

through food chain [3, 6]. The potential 
bioaccumulation of mercury in gills and liver of 
freshwater fish was higher than that in white 
muscle and heart [9]. Monteiro et al. [9] 
suggested that the oxidative stress occurred in 
response to mercury chloride exposure could be 
the main pathway of toxicity induced by 
mercury in fish. 

Permethrin, 3-phenoxybenzyl-(1Rs) cis-
trans-3(2, 2-dichlorovinyl)-2, 2 
dimethylcyclopropane- carboxylate, is a 
synthetic pyrethroid insecticide. Exposure to 
pyrethroid pesticides in aquatic systems may 
occur through surface and groundwater 
contamination [10]. Permethrin is a pyrethroid 
(I) that is relatively persistent in the environment 
and stable to hydrolysis and photolysis. After the 
fish are exposed to sub-lethal concentrations of 
permethrin, it is rapidly absorbed and distributed 
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into various tissues [11], and is slowly 
metabolized and excreted later on, though it may 
also be accumulated in fat tissues [11]. 
Glickman et al. [12] found that the concentration 
of permethrin was approximately 400 times 
greater in the fish fat than in the ambient water 
following a 24 hour permethrin exposure. 

Studies on animals have indicated that the 
major steps in the metabolic pathways include 
hydrolytic and oxidative cleavage of the ester 
bonds and the formation of 4'-HO-Permethrin 
[12, 13], which may be conjugated with 
glucuronide and excrete from the body. The 4′-
HO-permethrin has been well documented as a 
primary metabolite of permethrin in various 
animals [13]. Final metabolites are often 
excreted from the body through the bile, urine 
(as glucuronidated metabolites), and some other 
metabolites are eliminated by skin, gills or 
excreted in the feces as glutathione conjugated 
metabolites [12]. Pyrethroids can block Na 
channel and affect the function of GABA-
receptors in the nervous system. Oxidative stress 
is another mechanism for the toxicity of 
insecticides resulting in cellular necrosis and 
apoptosis and dysfunction in cellular physiology 
[14-16].  

Increased contamination of aquatic 
ecosystems through industrial and municipal 
wastewater discharge, surface runoffs and 
agricultural drainage may affect the 
bioavailability of heavy metals such as mercury 
in fishes. Moreover, alterations in cellular 
membranes and their physiological functions 
may affect the bioaccumulation of mercury in 
various tissues. However, there is little 
information on the effects of other pollutants 
such as pesticides on heavy metals 
bioaccumulation in fish. So, this study was 
conducted to investigate the effects of sub-lethal 
concentrations of permethrin on the 
bioaccumulation of mercury in Zebra cichlid 
(Cichlasoma nigrofasciatum). 

MATERIALS AND METHODS 
Chemicals 

Permethrin, [3-(Phenoxyphenyl) methyl 
(I)-cis, trans-3-(2,2-dichloroethenyl)-2,2-
dimethylcyclo-propanecarboxylate] (emulsified 
20%) was purchased from Moshkfam Fars 

Company, Iran. Mercuric chloride (HgCl2) was 
obtained from Merk Co. Germany.  

Fish Treatments 
Zebra cichlid (Cichlasoma nigrofasciatum) 

weighing 0.33 ± 0.02 g were used in the present 
study and we complied with the instructions of 
National Ethical Framework for Animal 
Research in Iran [17]. 

Acute Toxicity  
The preliminary acute toxicity test was 

performed in accordance with OECD guidelines 
to estimate the lethal concentration that cause 
mortality (50%) at 96 h (96-h LC50). The fish 
were exposed to different nominal 
concentrations of permethrin (0.00, 7.5, 15, 30, 
60 and 120 µg.L-1), and HgCl2 (0.00, 60, 120, 
240, 480 and 960 µg.L-1) at 27±2 °C in a static-
renewal system, where water and pesticides were 
completely replaced every 24 h in 40-liter glass 
aquaria.  During the 96 h acute toxicity 
experiment, water was aerated and had the same 
conditions as the acclimation period. The static-
renewal tests exposed the specimens to the test 
solution for 96 h. Test solution was exchanged 
every 24 hours. Water was changed daily to 
reduce the buildup of metabolic wastes and to 
keep concentrations of pesticides or heavy 
metals close to the nominal level. Fish mortality 
was recorded 0, 24, 48, 72, and 96 h after 
exposure to pesticides or heavy metals. LC50 
values were calculated using Probit Analysis, 
SPSS (IBM, 19). 

Sub-Lethal Toxicity  
The specimens were housed as 18 fish per 

aquaria at 27±2 °C under a daily photoperiod of 
16 h light/ 8 h dark and were fed with pellet diet 
(BioMar Co.). The fish were randomly assigned 
to nine groups. Group I: specimens were 
maintained in tap water, and were considered the 
control group.  Group II: specimens were 
exposed to 20 µg.L-1 mercury chloride. Group 
III, IV, V and VI: specimens were exposed to 
0.40 µg.L-1 permethrin & 20 µg.L-1 HgCl2, 0.80 
µg.L-1 permethrin & 20 µg.L-1 HgCl2, 1.2 µg.L-1 
permethrin & 20 µg.L-1 HgCl2, and 1.6 µg.L-1 

permethrin & 20 µg.L-1 HgCl2, respectively for 
15 days. Test solutions were renewed every 24 
h. On the other hand, fifty percent of water was 
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exchanged daily to reduce the buildup of 
metabolic wastes and to keep concentrations of 
permethrin and mercury chloride near the 
nominal level. During the experiment, the fish 
were fed twice a day with commercial food, and 
their mortality was recorded.  

Analysis of Mercury Levels in Different 
Tissues 

At the end of the experiment, specimens 
were euthanized by decapitation and the samples 
were weighed and placed in an electrical furnace 
to obtain the ashes for 8 hours at 550°C. Then 1 
g of ash was mixed with HNO3 and HCl (1:1). 
In order to separate ash particles, the solution 
was filtered, mixed with deionized water and 
diluted to 25 ml. 

Mercury concentrations were measured 
using ICP-OES-Perkin elmer (optima 7300-DV). 
After drawing a diagram for calibration of Hg, 
metal levels in these prepared soluble were 
measured. Samples were filtered using whatman 
filter (0.22 µm) and finally Hg concentration in 
each sample was measured with ICP-OES-
Perkin elmer. Hg levels were measured in 
triplicates and measurements were repeated three 
times.  

Statistical Analysis 
A significant difference in 

bioaccumulation of Hg in specimens exposed to 
different concentrations of permethrin was 
identified using one-way ANOVA. All the data 
were examined for normality (Kolmogorov-
Smirnov test). The significant means were 
compared by Duncan’s test and a p < 0.05 was 
considered statistically significant. Statistical 
analyses were performed using SPSS IBM 19. 
Data are presented as mean ± SD. 

RESULTS 
The effects of permethrin and mercury 

toxicity on C.nigrofasciatum were evaluated by 
using probit analysis and the percentage 
mortality, LC1-LC99, 95% confidence limits for 
fish exposed to permethrin and mercury at 24, 
48, 72 and 96 hours are presented in Table 1-2. 
These key data allowed probit lines to be plotted 
(Figure 1-2). Fish mortality increased with 
increasing the concentration of permethrin, 
cadmium and mercury. 

Table 1. Acute toxicity of Permethrin on 
C.nigrofasciatum at different exposure times. 

Probability 24h 48h 72h 96h 
LC1 7.03 4.20 2.97 2.25 
LC10 15.01 8.94 6.98 5.66 
LC25 23.32 13.86 11.48 9.67 
LC50 38.07 22.57 19.96 17.55 
LC75 62.15 36.75 34.68 31.84 
LC90 96.59 56.99 57.02 54.44 
LC99 206.33 121.27 134.20 137.02 

 

 
Figure 1. Percentage mortality of 

C.nigrofasciatum exposed to various 
concentrations of permethrin at 24, 48, 72 and 

96 hours. 

 
Table 2 summarizes the LC1-LC99 values, 

(95% confidence limits) for the mercury at 24, 
48, 72 and 96 hours of exposure. These key data 
allowed probit lines to be drawn (Figure 2). Fish 
mortality increased significantly when the 
concentration and time of exposure was 
increased. Mercury chloride is highly toxic to 
zebra cichlid.    

 
Table 2. Acute toxicity of Mercury to 

C.nigrofasciatum at different exposure times. 
Probabilit

y 
24h 48h 72h 96h 

LC1 62.74 32.23 24.95 17.98 

LC10 132.85 72.91 58.03 45.25 

LC25 205.44 117.15 94.75 77.36 

LC50 333.45 198.43 163.37 140.38 

LC75 541.22 336.08 281.68 254.73 

LC90 836.94 540.01 459.95 435.51 
LC99 1772.25 1221.48 1069.56 1096.13 
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Figure 2. Percentage mortality of 
C.nigrofasciatum exposed to various 

concentrations of mercury chloride at 24, 48, 72 
and 96 hours. 

 
Throughout the experiment, no behavioral 

changes and mortality were observed in the 
control group. During the acute toxicity tests, the 
fish exposed to toxicants often showed abnormal 
swimming and lethargy. Mucus secretion 
increased and the fish swam in a vertical posture 
and became motionless and died when they 
could not overcome toxic effects.  

Information on mercury bioaccumulation 
is shown in Table 3 and Figure 3. Although, no 
significant difference was observed between 
mercury bioaccumulation in the whole body of 
fish exposed to 0.40 and 0.80 µg.L-1 permethrin 
mixed with 20 µg.L-1 mercury chloride, 
bioaccumulation of mercury in the specimens 
increased along with increasing concentrations 
of permethrin to 1.20 and 1.60 µg.L-1.  

 

Table 3. Mercury bioaccumulation in the whole 
body of C.nigrofasciatum exposed to sub-lethal 

concentrations of permethrin. 
Mercury 
chloride  
(µg.L-1) 

Permethrin 
(µg.L-1) 

Heavy metal 
bioaccumulation 

(mg.g-1) 
 

HgCL2 
20 µg.L-1 

0.00 0.012±0.002a 

0.40 0.011±0.004a 

0.80 0.012±0.005a 

1.20 0.017±0.004b 

1.60 0.018±0.005b 

 
Figure 3. Mercury bioaccumulation in the whole 
body of C.nigrofasciatum exposed to sub-lethal 

concentrations of permethrin. 

 

DISCUSSION  
The present results show that permethrin is 
highly toxic to Zebra cichlid (Cichlasoma 
nigrofasciatum). The toxicity of permethrin on 
C. nigrofasciatum increased with increasing 
concentration and exposure time. When the fish 
were exposed to 7.5 µg/L permethrin, only 
23.33% died after 96 h, whereas all the fish 
(100%) died after 48 h when exposed to a 
concentration of 60 µg/L permethrin. In 
addition, the 24, 48, 72 and 96 h LC50 values of 
permethrin on C. nigrofasciatum were calculated 
as 38.07, 22.57, 19.96 and 17.55 µg.L-1, 
respectively. Başer et al. [18] found out a 48 h 
LC50 value for permethrin in guppy (Poecilia 
reticulata) of 245.7 µg.L-1. The 96 h LC50 values 
of permethrin in Morone saxatilis, Pimephales 
promelas, Salmo salar and Gambusia affinis 
were 15.6, 16, 12 and 15 µg.L-1, respectively 
[Quoted from 18] which are highly comparable 
to our results. The inability of fish to rapidly 
hydrolyze permethrin may result in an overall 
low rate of detoxification and this could be a 
factor in the fish sensitivity to permethrin [11, 
16].  

The calculated 24, 48, 72 and 96 h LC50 
values of mercury chloride, using a static 
bioassay system to zebra cichlid, were 333.45, 
198.43, 163.37 and 140.38 µg.L-1, respectively. 
Our results demonstrate that mercury is highly 
toxic to C. nigrofasciatum. The LC₅₀ values of 
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HgSO₄ for Capoeta fusca at 24, 48, 72, and 96 h 
of exposure were 0.32, 0.28, 0.26, and 0.24 mg 
L⁻¹, respectively [19]. The 96 h LC50 values of 
mercury in Clarias gariepinus, Cyprinus carpio, 
Barbus conchonius, Clarius batrachus and 
Etroplus maculatus were 600, 930, 181, 510 and 
130 µg.L-1, respectively [20, 21, Quoted from 
22]. The degree of susceptibility of zebra cichlid 
to lower concentrations of mercury may be 
attributed to differences in the physiological 
response of fish to this pollutant.  

No mortality was observed in fish exposed 
to sub-lethal concentrations of permethrin and 
mercury chloride as well as control group during 
the experimental period. Increased mucus 
secretion, dark skin pigmentation, loss of 
appetite, bleeding at the base of the fins and eye 
balls, behavioral changes such as tremors, 
lethargy, unbalanced swimming, swimming in 
surface water and extreme irritability were 
important changes observed in fish exposed to 
permethrin and mercury chloride during 
experimental periods. These changes were 
intensified at the end of experimental periods. 
Behavioral changes in fish exposed to 
permethrin and mercury chloride could be 
associated with the neurotoxicity of these 
pollutants. Neurological disorders in animals are 
often attributed to changes in neuronal ion 
channels, and key enzymes involved in 
neurological functions such as Na+/K+ ATPase 
activity, monoamine oxidase and 
acetylcholinesterase activity after exposure to 
pyrethroid pesticides and mercury chloride [9, 
23-25].  

The present study reflected an increasing 
trend in mercury bioaccumulation with 
increasing concentrations of permethrin. 
Interaction between permethrin and mercury 
chloride may increase bioavailability of mercury 
to fish. Ji [26] suggested that disposal of 
detergents, shampoo, pesticides, waste; etc to the 
natural environment will augment the toxicity of 
mercury by binding to the metal and enhancing 
its bioavailability, while some will diminish the 
toxicity by decreasing the bioavailability. 
Mercury binds to cysteine, and this facilitates 
mercury's passage through the cellular 
membrane [26]. Moreover, the inability of fish 
to detoxify and excrete mercury is another 
reason for bioaccumulation of mercury in 
various tissues [9]. Permethrin poisoning may 

cause oxidative stress which in turn leads to 
generation of reactive oxygen species that can 
damage cellular membranes. Hence, cell 
membrane dysfunction may have a significant 
effect on the penetration of mercury into the 
cells. Our literature reviews revealed that 
permethrin exhibited significant oxidative stress 
and cytotoxicity in fishes [11, 16]. In other 
words, increasing the concentration of 
permethrin had reinforcing effects on the 
bioaccumulation of mercury in fish. 

CONCLUSION 
Investigating the exposure of zebra cichlid 

to permethrin and mercury highlighted the high 
toxicity of these compounds by the mortality 
recorded in the poisonous fish. Our results 
showed that the presence of different 
concentrations of permethrin in aquatic 
ecosystems could increase bioaccumulation of 
mercury in fish inhabiting polluted water. This 
study also demonstrated the necessity to regulate 
the disposal of municipal and industrial 
wastewater and agrochemical substances to the 
surface waters.  

ACKNOWLEDGMENT 
The authors are grateful to the Mrs. Zahra 

Darvishpasand as laboratory technician and Mrs. 
Maryam Banaee, for their cooperation and 
assistance throughout the research and the 
writhing manuscript. 

REFERENCES 
1. Stafford CP, Hansen B, Stanford JA. Mercury in 

fishes and their diet items from Flathead Lake, 
Montana. Transactions of the American Fisheries 
Society. 2004;133(2):349-57. 

2. Chumchal MM, Drenner RW, Fry B, Hambright 
KD, Newland LW. Habitat-specific differences 
in mercury concentration in a top predator from a 
shallow lake. Transactions of the American 
Fisheries Society. 2008; 137(1):195-208. 

3. Eagles-Smith CA, Ackerman JT. Mercury 
bioaccumulation in estuarine wetland fishes: 
Evaluating habitats and risk to coastal wildlife. 
Environmental Pollution. 2014;193:147-55. 

4. Lambertsson L, Nilsson M. Organic material: the 
primary control on mercury methylation and 
ambient methyl mercury concentrations in 
estuarine sediments. Environmental Science & 
Technology. 2006; 40(6):1822-9. 



Iranian Journal of Toxicology                                                                                          Mahdi Banaee et al 

1173 
http://www.ijt.ir; Volume 8, No 27, Winter 2015 

5. Canário J, Poissant L, O'Driscoll N, Vale C, 
Pilote M, Lean D. Sediment processes and 
mercury transport in a frozen freshwater fluvial 
lake (Lake St. Louis, QC, Canada). 
Environmental Pollution. 2009;157(4):1294-300. 

6. Huge DH, Schofield PJ, Jacoby CA, Frazer TK. 
Total mercury concentrations in lionfish (Pterois 
volitans/miles) from the Florida Keys National 
Marine Sanctuary, USA. Marine pollution 
bulletin. 2014; 78(1):51-5. 

7. Zamani-Ahmadmahmoodi R, Bakhtiari AR, 
Rodríguez Martín JA. Spatial relations of 
mercury contents in Pike (Esox lucius) and 
sediments concentration of the Anzali wetland, 
along the southern shores of the Caspian Sea, 
Iran. Marine pollution bulletin. 2014. 

8. Mieiro C, Bervoets L, Joosen S, Blust R, Duarte 
A, Pereira M, et al. Metallothioneins failed to 
reflect mercury external levels of exposure and 
bioaccumulation in marine fish–Considerations 
on tissue and species specific responses. 
Chemosphere. 2011; 85(1):114-21. 

9. Monteiro DA, Rantin FT, Kalinin AL. Inorganic 
mercury exposure: toxicological effects, 
oxidative stress biomarkers and bioaccumulation 
in the tropical freshwater fish matrinxã, Brycon 
amazonicus (Spix and Agassiz, 1829). 
Ecotoxicology. 2010; 19(1):105-23. 

10. UEPA. Reregistration Eligibility Decision (RED) 
for Permethrin. US Environmental Protection 
Agency Washington, DC, USA; 2009. 

11. Tu W, Lu B, Niu L, Xu C, Lin C, Liu W. 
Dynamics of uptake and elimination of 
pyrethroid insecticides in zebrafish (Danio rerio) 
eleutheroembryos. Ecotoxicology and 
environmental safety. 2014; 107:186-91. 

12. Glickman AH, Hamid AA, Rickert DE, Lech JJ. 
Elimination and metabolism of permethrin 
isomers in rainbow trout. Toxicology and applied 
pharmacology. 1981; 57(1):88-98. 

13. Kasai S, Komagata O, Itokawa K, Shono T, Ng 
LC, Kobayashi M, et al. Mechanisms of 
pyrethroid resistance in the dengue mosquito 
vector, Aedes aegypti: target site insensitivity, 
penetration, and metabolism. PLoS neglected 
tropical diseases. 2014;8(6):e2948-9. 

14. Werner I, Moran K. Effects of pyrethroid 
insecticides on aquatic organisms. In: Gan J, 
Spurlock, F., Hendley P, Weston DP. (Eds.). 
Synthetic Pyrethroids: Occurrence and Behavior 
in Aquatic Environments American Chemical 
Society, Washington DC. 2008; 310–35. 

15. Banaee M. Adverse effect of insecticides on 
various aspects of fish’s biology and physiology. 
Insecticides-basic and other applications book 
InTech. 2012:101-26. 

16. Yang Y, Ma H, Zhou J, Liu J, Liu W. Joint 
toxicity of permethrin and cypermethrin at 
sublethal concentrations to the embryo-larval 
zebrafish. Chemosphere. 2014;96:146-54. 

17. Mobasher M, Aramesh K, Aldavoud S, 
Ashrafganjooei N, Divsalar K, Phillips C, et al. 
Proposing a national ethical framework for 
animal research in Iran. Iranian Journal of Public 
Health. 2008; 37(1 Sup):39-46. 

18. Başer S, Erkoç F, Selvi M, Koçak O. 
Investigation of acute toxicity of permethrin on 
guppies Poecilia reticulata. Chemosphere. 2003; 
51(6):469-74. 

19. Mansouri B, Baramaki R, Ebrahimpour M. Acute 
toxicity bioassay of mercury and silver on 
Capoeta fusca (black fish). Toxicology and 
industrial health. 2012;28(5):393-8. 

20. Guedenon P, Edorh A, Hounkpatin A, Alimba C, 
Ogunkanmi A, Nwokejiegbe E, et al. Acute 
toxicity of mercury (HgCl2) to African catfish, 
Clarias gariepinus. Research Journal of Chemical 
Sciences 2012; 2(3): 41-5. 

21. Hedayati A, Jahanbakhshi A. Acute Toxicity 
Test of Mercuric Chloride (Hgcl2), Lead 
Chloride (Pbcl2) and Zinc Sulphate (Znso4) in 
Common Carp (Cyprinus carpio). Journal of 
Clinical Toxicology. 2013; 3(156): 1-4. 

22. Shah S. Altindag A (2005b) Effects of heavy 
metal accumulation on the 96-h LC 50 values in 
tench Tinca tinca L., 1758. Turk J Vet Anim 
Sci.29:139-44. 

23. Jones S, King L, Sappington L, Dwyer F, 
Ellersieck M, Buckler D. Effects of carbaryl, 
permethrin, 4-nonylphenol, and copper on 
muscarinic cholinergic receptors in brain of 
surrogate and listed fish species. Comparative 
Biochemistry and Physiology Part C: 
Pharmacology, Toxicology and Endocrinology. 
1998; 120(3):405-14. 

24. Banaee M. Physiological dysfunction in fish after 
insecticides exposure: Insecticides often 
Undesired but still so Important. Edited by 
Stanislav Trdan, Published by InTech. 2013:103-
42. 

25. Banaee M, Sureda A, Zohiery F, Hagi BN, 
Garanzini DS. Alterations in biochemical 
parameters of the freshwater fish, Alburnus 
mossulensis, exposed to sub-lethal 
concentrations of Fenpropathrin. International 
Journal of Aquatic Biology. 2014;2(2). 

26. Isabelle Ji M. The Bioavailability of Mercury in 
Aquatic Systems. The Murphy Institute Scholars 
Program and the Environmental Engineering 
Department. 2011. P.20-1. 


