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ABSTRACT  

Pesticides designed specifically for pest, weed control leach 

into aquatic environments after application, and threaten non-

target organisms such as crustaceans that live, spawn and 

reproduce there. Accumulation of these pollutants in 

organisms could be detrimental to their physiological 

properties after exposure. As hemocyanin is pivotal to 

respiration in crustaceans, the potential ability of pesticides to 

inactivate or distort hemocyanin would have detrimental 

consequences. In this study, effects of parathion on the 

transport properties of the common shore crab, Carcinus 

maenas, was conducted by exposing its hemocyanin to 

different concentrations (0.5, 10 and 25 mg/ml).The readings 

on the oxygen properties of the common shore crab were 

examined at 5 minutes interval in the presence of pesticides. 

Control experiment had no pesticides. Results showed that 

parathion significantly altered the hemocyanin oxygen 

properties (p<0.05), which indicates a formation of the 

covalent bond with the shore crab. There is a need to develop 

a vision for the future of these unique organisms as well as 

the communities that depend on them so as to instigate 

strategies and projects that will enhance the conservation of 

their biodiversity by using environmental friendly pesticides 

such as non-chemical pest control and weed control methods 

may be recommended to reduce adverse effects on C. maenas 

and non-target aquatic biota. 
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INTRODUCTION 

Modern agricultural practices, such as fish farming and crop protection via the use of 

pesticides such as insecticides, fungicides, herbicides, rodenticides and plant growth 

regulators are increasing rapidly in response to human population growth in the world 

(Adeogun et al.,  2011). Continuous exposure of chemical weeding, without doubt, has 

remained very popular in the production of crops, because it reduces cost, labor and it is 

effective in the agricultural sector(Olabode, Sangodele, & Akinpelu,  2016).The continued 

increase in human consumption and the need for more efficient agricultural activities, without 

the doubt will be projected to future increase on the existence of pesticides in the aquatic and 

terrestrial ecosystem (Elias & Bernot,  2014). Pesticides are classified as either synthetic or 

natural pollutant of agricultural streams that drift and runoff from different sources after 

application and are detected in underground, surface and well waters. Once in the aquatic 

ecosystem, they exert their impact and interfere with the pathological activities and disturb 

the biochemical and physiological processes of non-target organisms such as alterations on 

cellular energy allocation, modifications of copper-oxygen site, reduced resistance to 

infection and respiratory distress. Invertebrates are more vulnerable to these pesticides, 

because they spawn, reproduce and inhibit these habitats (Prasad, 1995; Sousa & Nogueira,  

2001; Byrne et al.,  2006; Couillard & Burridge,  2014). Haemocyanin is an oxygen 

transporter protein in the hemolymph of shore crabs (Carcinus maenas). It plays a similar 

role like the hemoglobin that transports oxygen in the blood of vertebrates. It delivers oxygen 

from the respiratory organs to the tissues of C. maenas (Guo et al.,  2012).  

Pesticides are classified according to their modes of action by interfering and inhibiting the 

activities of acetylcholinesterase (AChE) in the nervous system of wildlife, resulting in an 

accumulation of acetylcholine in the synaptic terminals (Sousa & Nogueira,  2001).Methyl 

parathion (O, O- diethyl-O-(4-nitrophenyl) phosphorothioate is an organophosphorus 

pesticide among the commonly used insecticide that act by inhibiting the activities of AChE 

and targets the central nervous system of insect pests (Verhaar et al.,  2000). In the United 

Kingdom and Sweden, the use of parathion has been prohibited due to its high toxicity effect 

to mammals and humans (U.S.D.H.H.S,  2001), though still in use in Greece and Mexico to 

control a wide range of pest (Mallatou,  2002).Unlike other pesticides, parathion accumulates 

in the environment for several months unnoticed after application until the effect is observed 

on the affected non-target organism (U.S.D.H.H.S,  2001; Iyer & Iken,  2013). This type of 
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incident occurred in Canada in Bay of Fundy New Bruns wick and resulted in mortalities of 

American lobsters (Homarus americanus) after application of azamethiphos, a bath treatment 

used for sea lice control in caged salmon fish in fish farming (Couillard & Burridge,  2014). 

It is in the light of this, that this investigation was designed to assess the Ecotoxicological 

effect of parathion on the transport properties of the hemocyanin of the common shore crab, 

C. maenas, the non-target organism of the aquatic biota. 

The shore crab, C. maenas is native to Europe and northern Africa and known to be among 

the Portunidae group (swimming crabs) that has been fished commercially for several years 

(Roman & Palumbi,  2004).C. maenas  is a functional species for several studies in 

toxicology (Dissanayake & Bamber,  2010), and has been recommended as an indicator 

species for the monitoring of pesticides contamination, because these herbicides have been 

associated with respiratory distress in crabs (Prasad et al. 1995). 

MATERIALS AND METHODS  

Reagents and test organism 

Adult shore crabs were collected and maintained in the aquarium room in biological science 

department Swansea University the United Kingdom. 

Methyl parathion-ethyl, 98.9 % pure, was purchased from Sigma Aldrich Chemical 

Company, Dorset United Kingdom. 

Purification of Haemocyanin 

Hemolymph was withdrawn from the pereopods of C. maenas using a 27-gauge hypodermic 

needle. The hemolymph was centrifuged at 2,000 x g for 5 min at 4
0
C to separate hemocytes 

from hemolymph. Extracted hemolymph samples were pre-calibrated in (100 mM Tris, 5 mM 

each of MgCl2, CaCl2, pH 7.5). The concentration and purity of crustacean hemocyanin were 

assessed using the standard A280: A350 ratio. This protocol was amended from Coates et al. 

(2013). 

Effect of parathion on the transport properties of hemocyanin of Carcinus maenas 

Purified hemocyanin containing 0.25 mg/ml was incubated in the presence of increasing 

concentration of parathion (0.25 to 1 mg/ml) for a period of 5 min prior to absorbance 
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readings using a UV-VIS, 2550 Spectrophotometer. The absorbance readings were indicated 

across the spectrum from 300 to 500 nm using a quartz cuvette. The maximum peak was 

determined between 340 nm and 350 nm, indicating oxygenated hemocyanin (Coates. & 

Nairm,  2014). In the absence of parathion, spectral profiles were used to determine the 

negative controls. Assays were performed at room temperature using 100 mM sodium 

phosphate buffer, pH 7.4. 

Statistical analysis 

All hemocyanin assays were performed in triplicate on three different times. Results are 

presented as the mean ± standard error (n = 3), and assays were examined using T-test. All 

analysis was done using Microsoft Excel data Analysis tool Pak, 2007). 

RESULTS AND DISCUSSION 

Significant effects of parathion on transport properties of hemocyanin of C. maenas 

The maximum absorption peak of C. maenas hemocyanin was observed at 349 nm which is 

typical for oxygenated hemocyanin and corresponds to the aromatic residues of Cu-O2-Cu 

respectively (Figure 1). The bands at 349 nm significantly descended by exposure to 

parathion at increasing concentrations of 0.25, 0.5, and 1 mg/ml, (Figure 2), indicating a great 

decline in the degree of oxygenation on the transport properties of hemocyanin of C. maenas. 

This is, therefore, speculated that parathion is able to bind to oxygen binding active site (Cu-

O2-Cu) and form a covalent bond with the oxygen transport properties resulting in potential 

distress in oxygen supply from the respiratory organs to the tissues of C. maenas. Maximum 

peaks were at 349 nm indicated as the control in the absence of pesticide. Oxygen binding 

sites of C. maenas control assays included 1.0mg hemocyanin, and PBS (pH 7.4) as the 

buffer in the absence of pesticide and activity measurements were recorded.  
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Figure 1: Absorption spectra of total hemocyanin from Carcinus maenas. 

 

Figure 2: Activity measurement of hemocyanin of Carcinus maenas at different 

concentrations  

DISCUSSION AND CONCLUSION 

The aim of this research was to investigate the significant effects of parathion on oxygen 

properties of C. maenas. The hemocyanin-oxygen dynamics is a copper that contains 

pigments in the hemolymph of crustaceans and some mollusks and is essential for their 

survival. The copper combines with oxygen in the ratio of 1:2 (oxygen: copper: Cu-O2-Cu), 
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and gives a copper concentration which equals the measure of hemocyanin content. In the 

spectroscopic analysis, the bands at 349 nm of C. maenas were observably descended, 

respectively with the addition of parathion. It is detected that parathion directly penetrated the 

copper oxygen-active sites and interfered with the haemocyanin-oxygen dynamics, thus it is 

speculated that parathion can bind to the oxygen-binding active site of C.maenas in a 

substrate-like manner, but instead of being oxidated, we suggest that parathion probably 

alkylates the histidine residue in the active site of C.maenas therefore irreversibly 

inactivating the haemocyanin properties and its affinity which is important for their survival. 

It is also suggested that existence of respiratory distress as a consequence of parathion 

toxicity must have occurred after exposure (Srinivas et al,  2013). This further evidences the 

fact that parathion can bind directly to oxygen binding active site, therefore, form a covalent 

bond between hemocyanin oxygen dynamics and results in the significant decline of the 

absorption peak at 349 nm. This result is therefore plausible to a research by Guo et al.,  

(2012) that further demonstrated and indicated a significant effect of copper-oxygen binding 

site of Oncomelania hupensis after exposure to 4-(chloroacetic) catechol. This effect may be 

stipulated to result in an impairment of oxygen transport, therefore, leading the organism to a 

progressive hypoxia as observed by (Zou et al, 2006). 

This potential effect further indicates that parathion pollution on the environment because of 

runoff from its source of an application can make C.maenas more susceptible to hypoxia and 

oxygen impairment. This result is required to be used to access the onset duration of the 

severity of hypoxia and its effect on invertebrates. The implication of this study is that 

pesticides, such as parathion, designed specifically to kill and control pest can significantly 

impair hemocyanin oxygen affinity of C. maenas, thus leading to alterations in oxygen 

uptake as indicated by Williams  (2012).The toxicity of parathion to other non-target 

organisms such as fish and invertebrates in the aquatic environment has been observed to 

cause alterations in physical properties and functions  C. maenas oxygen-active sites (Cu-O2-

Cu). Therefore, it is important to take into consideration the exposure amount of pesticides 

such as parathion to avoid adverse effects on hemocyanin of non-target organisms such as 

crustaceans. Additionally, this information may assist to design better environmental friendly 

pesticides such as non-chemical pest control and weed control methods to decrease potential 

impacts it may create on non-target biota in the aquatic environment. This could be done by 

improving new methods specifically to address the unique toxicology effects of these 
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pesticides particularly their impacts on the variety of terrestrial, aquatic and marine 

organisms.   

Acknowledgment 

The authors acknowledge the support of TETFUND Nigeria in sponsoring the research 

Conflict of Interest 

Authors have declared that there are no conflicts of interest 

Authors Contribution 

EO designed and carried out the experiment and wrote the first manuscript. DCG did the 

statistical analysis and graphics and edited the manuscript; OAA and MOM reviewed and 

edited and TA proof-read the manuscript 

REFERENCES: 

1. ADEOGUN, O.A., SOLARIN, B.B., OGUNBADEJO, H.K., AMBROSE, E.E., AKINNIGBAGBE, O.R., AJULO, A.A., 

BOLAJI, D.A., OLUSOLA, O.A.& ADEOGUN, M.O. (2011) Economic performance of crab fishery in Lagos 

lagoon, Nigeria. International Journal of Fisheries and Aquaculture3, 118–125. 

2. ATEF MOHAMED K. N. (2015) Acetylcholinesterase: A Universal Toxicity Biomarker,  Journal of 

Agriculture and Environmental Science Vol. 14 (1).1-14.  JAES (ISSN 1687-1464) 

3. BYRNE, J.A., MCMURRAY, T.A., DUNLOP, P.S.M.&BYRNE, J.A. (2006) The photocatalytic degradation of 

atrazine on nanoparticulate TiO2 films. Journal of Photochemistry and Photobiology182: 43–51. 

4. COATES. J. C&NAIRM J (2014) Diverse immune functions of hemocyanins. Journal of Developmental and 

Comparative Immunology45, 43–55. Elsevier Ltd. 

5. COUILLARD, C. & BURRIDGE, L. (2015) Sublethal exposure to azamethiphos causes neurotoxicity, altered 

energy allocation and high mortality during simulated live transport in American lobster (Homarus americanus). 

Journal of Ecotoxicology and Environmental Safety, ii5:291-299. DOI:10.1016/j.ecoenv.2014.11.016 

6. DISSANAYAKE, A.& BAMBER, S.D. (2010) Monitoring PAH contamination in the field (Southwest the 

Iberian Peninsula): Biomonitoring using fluorescence spectrophotometry and physiological assessments in the 

shore crab (Carcinus maenas). Marine Environmental Research70, 65–72. Elsevier Ltd. 

7. ELIAS, D.&BERNOT, M.J. (2014) Effects of Atrazine, Metolachlor, Carbaryl and Chlorothalonil on Benthic 

Microbes and Their Nutrient Dynamics 9.Available from https://doi.org/10.1371/journal.pone.0109190 

8. EUROPEAN FOOD SAFETY AUTHORITY (2016) The 2014 European Union Report on Pesticide Residues in 

Food. Journal of European Food Safety Authority 14 (10):461. 

9. GUO, D., PAN, H., ZENG, D., LI, Y., LI, X.&FAN, X. (2012) Inactivating hemocyanin from Oncomelania 

hupensis with 4- (chloroacetyl) catechol and its application in snail control. Pesticide Biochemistry and 

Physiology102, 233–236. Elsevier Inc. 

10. IYER, R.&IKEN, B. (2013) Identification of water-borne bacterial isolates for potential remediation of 

organophosphate contamination. Journal of Scientific Research3, 146–152. 

11. KRUTZ, L.J., USDA-ARS, SHANER, D.L., ZABLOTOWICZ, R.M.&USDA-ARS, W.B.H. (2008) Atrazine 

Dissipation in s -Triazine – Adapted and Nonadapted Soil from Colorado and Nonadapted Soil from Colorado 

and Mississippi: Implications of Enhanced Degradation on Atrazine Fate and Transport Parameters. 

https://doi.org/10.1016/j.ecoenv.2014.11.016
https://doi.org/10.1371/journal.pone.0109190


www.ijsrm.humanjournals.com 

 
Citation: Dirisu, C.G et al. Ijsrm.Human, 2018; Vol. 8 (4): 180-187. 

187 

12. MARTIN-REINA  J., DUARTE J.A., CERRILLOS  L., BAUTISTA J.D. (2017) Insecticide Reproductive Toxicity 

Profile: Organophosphate, Carbamate, and Pyrethroids. Journal of Toxins, 4 (1):7 

13. OLABODE, O.S., SANGODELE, A.O.&AKINPELU, F.A. (2016) Effect of Atrazine on Germination and Growth 

Performance of Water Yam ( Dioscorea alata ). Journal of Agriculture and Ecology Research International5, 1–

6. 

14. PISA, L.W., BELZUNCES, L.P., BONMATIN, J.M., DOWNS, C.A., GOULSON, D., KREUTZWEISER, D.P., 

KRUPKE, C., LIESS, M., MCFIELD, M., MORRISSEY, C.A., NOOME, D.A., SETTELE, J., STARK, J.D., DYCK, H. 

VAN&WIEMERS, M. (2015) Effects of neonicotinoids and fipronil on non-target invertebrates. Journal of 

Environmental Science Pollution Research 22, 68–102. 

15. SRIVASTAVA, J., SHOBHA, D., PANDEY, R., VIJAIKRISHNA, D. (2013) Acute Toxicity and Behavioural 

Response of Freshwater Crab Barytelphusa Guerini to Chlorpyrifos Exposure.Journal of Applied Biological 

Science. 39(1):56-59. 

16. THERRIAULT, T.W., L-M. HERBORG, A. LOCKE, C.W. MCKINDSEY (2008) Risk Assessment for European 

green crab (Carcinus maenas) in Canadian Waters, Vol 042, p 44 

17. USDA (2008) ‘Pesticide Data Program: Annual Summary, the Calendar Year 2008'. Science and 

Technology Programs. Agricultural Marketing Service, U.S.Department of Agriculture.  

18. WILLIAMS, L. (2012) The Effects of River Sediment, Endosulfan, And Moderate Hypoxia On Blue crabs ( 

Callinectes sapidus ) From The Tidal, Freshwater James River.  

19. WORLD HEALTH ORGANIZATION (2015) IARC Monographs Volume 112: Evaluation of five 

organophosphate insecticides and herbicides. Journal of International Agency for Research on Cancer Vol 112. 

20. ZOU, E.&STUEBEN, B. (2006) Acute exposure to naphthalene reduces oxyregulating capacity of the brown 

shrimp, Penaeus aztecus, subjected to progressive hypoxia. Journal of Marine Biology149, 1411–1415. 

  

 

 


