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Abstract    

     The excessive and unwarranted use of pesticides at different stages of crop production can 

pose a great danger to the aquatic environment, and particularly to fish. Haematological 

parameters are indicated to be important for environmental pollution. Blood parameters respond 

to low doses of pollutants, so hematological changes in common carp fish are used for assessing 

the effects of contaminants. Toxicological effects of Goldate and Alexander individuals combined 

as a mixture were observed by monitoring hematological parameters in common carp fish. There 

were 3 concentration groups (1/10, 1/100, and 1/200) for every pesticide (Goldate, Alexander, and 

mixture of Goldate and Alexander)  exposed to juvenile fish (60–80 gm. in weight) for 6 weeks. 

During the experimental period, the results showed a significant decrease in the red blood cell 

mean value (RBC), hemoglobin mean value (Hb), and total protein mean value (TP). While there 

was a significant increase in the white blood cell mean value (WBC) and albumin mean value (Al) 

after six weeks of exposure, It was found that these changes increase with increasing pesticide 

concentrations and exposure periods when they are single.  However, these changes are more 

severe when the fish are exposed to a mixture of pesticides at the same time. This experiment 

found that these changes increase with increasing pesticide concentrations and exposure periods 

when they are single, but these changes are more severe when the fish are exposed to a mixture of 

pesticides at the same time, which is evidence of the synergistic action of these pesticides. 
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1. Introduction 

     A pesticide is a chemical or biological substance that is aimed at preventing, repelling, or 

destroying pests that may damage or disturb the growth and health of living organisms, which 

may be plants or animals. Pesticides are classified based on their origin, structure, or pests; they 

control the mode or site of action as insecticides, rodenticides, and fungicides [1-3]. Fish are one 

of the most broadly distributed organisms in an aquatic environment, and the fact that fish are 

susceptible to environmental contamination may reflect the degree of the biological effects of 

environmental pollution in waters. Monitoring of blood parameters, both cellular and non-cellular, 

may have considerable diagnostic value in assessing early warning signs of pesticide poisoning 

[4]. 
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Several combinations of organophosphates were lethal at concentrations that were sublethal in 

single-chemical trials [5-7]. The acute toxicity of fenthion on Cyprinus carpio was highly toxic 

as compared to malathion, metasystox, and nuvan [8-10]. The acute toxicity of the insecticide 

mixture pointed out that the action of additional insecticides increases the toxicity level [11,12].  

A method for calculating the Acute Insecticide Toxicity Loading was presented which accounts 

AITL method accounts for the total mass of insecticides used in the US, acute toxicity to insects 

using honey bee contact and oral LD 50 as reference values for arthropod toxicity, and the 

environmental persistence of the pesticides [13]. Among the synergetic actions of the pesticides 

selected, thiodan and fenthion were more toxic than fenthion and DDT [10]. The aim of this 

experiment was to study the chronic toxicity of gold, Alexander, and the mixture of them by 

assessing blood parameters. 
 

2.  Materials and Methods 

     The fish used in the present study were common carp (Cyprinus carpio L), juvenile fish, 60–

80 g . in weight, from fish farms located in Al-Mahaweel City. Fish adapted to laboratory 

conditions for around one week. Throughout this period, fish were fed with 30% digestible 

protein and 3 kcal/g digestible energy. Aquariums (40-liter water capacity) used for this 

experiment were filled with de-chlorinated tap water prior to use and stocked with fish [14]. The 

aquarium was supplied with an air pump through a capillary system to provide constant air. The 

healthy fish were selected after isolating the weak and sick fish [15].Goldate is a trade name for 

herbicides that contain 240 mg of oxyfluorfen. Alexander is a trade name for insecticides that 

contain 15% SC indoxacarb. The LC50s of goldate, Alexander, and a mixture of them were 

15.955, 4.627, and 7.642 mg/l, respectively.There were three concentrations (1/10, 1/100, and 1/200) for 

every pesticide (goldate, axander, and mixture of goldate and axander) Table 1, was exposed to fish for 6 

weeks. The pesticide concentration was calculated depending on the following equation: In (μg/l) unit  

C1V1= C2V2 
 

Table 1. The Goldate, Alexander and mixture of them concentration that used in acute toxicity test of common       

carp 

Groups 
Goldate (G) 

 mg/l 

Alzander (A) 

 mg/l 

Mixture (M)  

mg/l 

1 (1/10) 1.595 0.463 1.840+0.460 

2 (1/100) 0.159 0.046 0.184+0.046 

3 (1/200) 0.079 0.023 0.092+0.023 

 

Haematological changes Blood was sampled from five fish from each control and treated groups during each 

exposure period of 3 and 6 weeks. It was collected by heart puncture using a sterile disposable insulin syringe 

(previously washed with heparin to avoid clotting of fish blood due to fish blood clots rapidly), and almost all 

samples always require anticoagulant treatment, then quickly placed in EDTA tubes to determine 

hematological tests and Eppendrof tubes to determine AL and TP [16,17]. Physical and chemical conditions 

of Aquaria are given in Table 2. 
 

Table 2.  Physical and chemical conditions of Aquaria 

Physical and chemical properties Range 

Temperature (°C) 20 - 28 

Dissolved oxygen (D.O) (mg/L) 5.5 – 7.9 

Hydrogen ion concentration(pH) 6.9 – 7.6 

Electrical conductivity (μs/cm) 850 - 1220 
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3.  Results and Discussion 

Blood assessment is an essential technique for determining the physiological health of fish. 

Haematological measurements can be used to detect changes in a characteristic that exceed its 

usual homeostatic limitations [18].Red blood cell (RBC) results showed a significant decrease 

compared with control (C = 0.935) in the mean RBC value after 3 weeks in groups G1, G2, G3, 

A1, A2, and A3 with values of (0.745, 0.835, 0.810, 0.750, 0.745, and 0.815) 1012/L, 

respectively. As well, there was a greater decrease in groups M1, M2, and M3, with values of 

(0.690, 0.705, and 0.710) 1012/L, respectively. Also, the results found a significant decrease in 

the mean RBC value after 6 weeks in groups G1, G2, G3, A1, A2, and A3, with values of 

0.0.695, 0.740, 0.730, 0.670, 0.685, and 0.745 µg/L, respectively. As well, there was a greater 

decrease in groups M1, M2, and M3, with values of (0.625, 0.640, and 0.635) 1012/L, 

respectively. The results showed significant differences in the value of RBCs in group M1 only 

with a concentration of 1/10 of the mixture of pesticides (M1) when comparing the differences in 

exposure times between 3 and 6 weeks see Table 3. 
 

Table 3. The Effect of Group and Period in RBCs 

    

It seems clear that increased pesticide doses and the period of exposure had significantly affected 

the number of R.B.C. in examined common carp fish. The changes in blood parameters may 

cause by destruction or haemolysis of RBC by the effect of the pesticides that cause anemia and 

decrease in haemoglobin, the decrease in haemoglobin may be  caused by the effect of the 

herbicide on the metabolic enzyme of haeme that was mention by the researcher [19], also 

haemodilution is another cause for decrease haemoglobin that occur to maintenance the 

Groups Mean ± SE of RBCs 1012/L LSD value 

 3 Weeks 6 Weeks  

Control 0.935 ±0.04 0.935 ±0.04  

0.273 NS  A a A a 

G1 0.745 ±0.02 0.695 ±0.06 0.287 NS 

 BC a BCDE a 

G2 0.835 ±0.02 0.740 ±0.01 0.115 NS 

 B a BC a 

G3 0.810 ±0.02 0.730 ±0.03 0.185 NS 

 AB a BCD a 

A1 0.750 ±0.01 0.670 ±0.02 0.096 NS 

 BC a BCDE    a 

A2 0.745 ±0.03 0.685 ±0.02 0.185 NS 

 BC a BCDE a 

A3 0.815 ±0.02 0.745 ±0.02 0.091 NS 

 B a B a 

M1 0.695 ±0.01 0.625 ±0.02 0.068 * 

 C a E B 

M2 0.705 ±0.05 0.640 ±0.04 0.292 NS 

 C a CDE a 

M3 0.710 ±0.02 0.635 ±0.02 0.107 NS 

C a DE a  

LSD Value 0.906 * 0.102* --- 

Means of RBCs with different big-letters in the same column and small-letters in the same row are significantly 

different.     * (P≤0.05). 
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respiration and gas exchange, the secretion of catecholamine under stress condition increase flow 

of blood to gills with an increase of permeability of gills tissue, also increase taking water by the 

fresh water fish (haemodilution) that was mention by the researchers [20, 21].Analysis of 

variance of the Haemoglobin (Hb) results showed a significant decrease compared with control 

(C=8.45 g/dl) in the means Hgb value after 3 weeks in group G1 which had a value of 7.85 g/dl 

and more decrease in groups A1, M1 and M2 with value (7.80, 6.70 and 7.25) g/dl, respectively. 

While after 6 weeks the results found a significant decreas   compared with control (C=8.45 g/dl)  

in the mean Hb value in groups G2, G3, A2, A3 and M3 that had values (7.70, 7.50, 7.65, 7.80 

and 7.45) g/dl, respectively. So there was a greater decrease in the means Hb value of groups G1, 

A1, M1 and M2 which had values (6.95, 6.65, 6.20 and 6.75) g/dl, respectively. The results 

showed significant differences in the value Hb in groups G1, G3, A1 and M3 when comparing 

the differences in  exposure times between 3 and 6 weeks  Table 4. They found a decrease in the 

red blood cells (RBC) and haemoglobin (Hb)  in common carp fish after exposure to Dursban 

[21]. 

 

Table 4. Effect of Group and Period in Hb 

 

Regarding white blood cells after 3 weeks, this study has found a significant increase compared 

with control (C = 205.15 109/L) in groups G1, G2, G3, A3, and M1, which had values of 236.05, 

230.75, 229.15, 186.40, and 230.00 109/L, respectively. While there was a significant decrease 

compared with the control in group A3 (186.40109/L), After 6 weeks, analysis of variance 

showed a significant increase in all groups of pesticides (G1, G2, G3, A1, A2, A3, M1, M2, and 

M3), which had values of 276.20, 267.55, 259.80, 250.65, 233.25, 224.15, 287.15, 271.40, and 

Groups Mean ± SE of RBCs 1012/L LSD value 

 3 Weeks 6 Weeks  

Control 8.45 ±0.05 8.45 ±0.05  

0.273 NS  A a A a 

G1 7.85 ±0.05 6.95 ±0.05 0.304 * 

 BC a C b 

G2 8.20 ±0.10 7.70 ±0.10 0.608 NS 

 AB a B a 

G3 8.20 ±0.10 7.50 ±0.10 0.608 * 

 AB a B B 

A1 7.80 ±0.10 6.65 ±0.15 0.775 * 

  C a C b 

A2 8.25 ±0.15 7.65 ±0.15 0.912 NS 

 A a B a 

A3 8.30 ±0.20 7.80 ±0.10 0.962 NS 

 A a B a 

M1 6.70 ±0.10 6.20 ±0.10 0.608 NS 

               E a D a 

M2 7.25 ±0.15 6.75 ±0.25 1.253 NS 

 D a C a 

M3 8.25 ±0.05 7.45 ±0.15 0.680 * 

A a B b  

LSD Value 0.362 * 0.418 * --- 

Means of Hb with different big-letters in the same column and small-letters in the same row are significantly 

different.     * (P≤0.05). 
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262.25 109/L, respectively. The results showed significant differences in the value of WBCs in 

all groups of pesticides except for A2, A3, with concentrations of 1/100 and 1/1000 of 

Alexsander pesticides when comparing the differences in exposure times between 3 and 6 weeks 

Table 5. The initial increase in the WBCs count might be the result of direct stimulation of 

immunological defense due to the presence of toxic substances or may be associated with 

induced tissue damage [22]. WBCs are involved in the regulation of immunological function in 

many organisms, and the increase of WBCs in stressed animals indicates a protective response to 

stress [23]. 

 

Table 5. Effect of Group and Period in WBCs 109/L 

Groups Mean ± SE of WBCs 109/L LSD value 

 3 Weeks 6 Weeks  

Control 205.15 ±9.15 205.15 ±9.15 55.67 NS 

 CD a F a 

G1 236.05 ±5.15 276.20 ±0.10 22.16 * 

 A b AB a 

G2 230.75 ±1.95 267.55 ±2.75 14.50 * 

 AB b ABC a 

G3 229.15 ±3.35 259.80 ±1.40 15.62 * 

 AB b BC A 

A1 203.70 ±4.60 250.65 ±2.45 22.42 * 

 CDE    b CD a 

A2 188.60 ±3.90 233.25 ±9.75 45.18 NS 

 DE   a DE a 

A3 186.40 ±4.80 224.15 ±13.95 63.47 NS 

 E a EF a 

M1 230.00 ±5.80 287.15 ±5.25 33.67 * 

               AB   b A a 

M2 213.85 ±3.85 271.40 ±10.50 48.12 * 

 BC a ABC b 

M3 217.35 ±9.25 262.25 ±4.45 44.16 * 

BC b BC a  

LSD Value 17.78 * 23.295 * --- 

Means of WBCs with different big-letters in the same column and small-letters in the same row are significantly 

different.     * (P≤0.05). 

 

Albumin, After 3 weeks, this experiment has found a significant increase in the albumin mean 

value compared with the control (C = 2.66 g/dl) in groups G3, A1, A2, and M3, with values of 

4.39, 4.30, 4.85, and 4.46 g/dl, respectively. While there was no significant difference in the 

albumin mean in groups G1, G2, A3, M1, and M2, they had values of 3.16, 3.99, 4.75, 3.80, and 

4.10 g/dl, respectively. After 6 weeks, this experiment has found a significant increase in the 

albumin mean value compared with the control (C = 2.66 g/dl) in groups G2, G3, A1, A2, A3, 

M2, and M3, which had values of 4.90, 5.06, 4.74, 5.05, 5.45, 4.74, and 5.01 g/dl, respectively. 

While there was no significant difference in the albumin mean in groups G1 and M1, they had 

values of 3.89 and 4.02 g/dl, respectively. The results showed significant differences in the  

albumin mean value in groups G1 and G3 with concentrations of 1/10 and 1/200, respectively, of 

herbicide (Goldate) when comparing the differences in exposure times between 3 and 6 weeks 

Table 6. The present results confirm impairments in protein metabolism as a result of pesticide 
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exposure. Serum protein concentrations may be altered because of the toxic effects of pesticides 

through damage to protein synthesis by hepatocytes and disturbance of kidney function [24, 25]. 

 

Table 6. Effect of Group and Period in Albumin 

Groups Mean ± SE of Total protein (g/dl) LSD value 

 3 Weeks 6 Weeks  

Control 2 .66 ±0.56 2.66 ±0.56 2.23 NS 

 C a C a 

G1 3.16 ±0.06 3.89 ±0.01 0.261 * 

 BC b BC a 

G2 3.99 ±0.93 4.90 ±0.84 5.39 NS 

 ABC a  a 

G3 4.39 ±0.05 5.06 ±0.05 0.334 * 

 AB B  a 

A1 4.30 ±0.10 4.74 ±0.11 0.639 NS 

 A a AB a 

A2 4.85 ±0.35 5.05 ±0.43 2.40 NS 

 A a AB a 

A3 4.75 ±0.45 5.45 ±0.34 2.42 NS 

 ABC a            A a 

M1 3.80 ±0.50 4.02 ±0.48 2.98 NS 

               ABC             a BC a 

M2 4.10 ±0.60 4.74 ±0.19 2.71 NS 

 ABC               a AB a 

M3 4.46 ±0.14 5.01 ±0.11 0.779 NS 

AB            a AB a  

LSD Value 1.544 * 1.39 * --- 

Means of Al with different big-letters in the same column and small-letters in the same row are significantly 

different.     * (P≤0.05). 

 

After 3 weeks, this study has found a significant decrease in the total protein mean value 

compared with the control (C = 12.48 g/dl) in groups M2 and M3, which had values of 8.00 and 

8.01 g/dl, respectively. While there was no significant difference in the total protein mean in 

groups G1, G2, G3, A1, A2, A3, and M1, which had values of 13.01, 9.97, 9.10, 9.00, 9.65, 

10.65, and 9.40 g/dl, respectively, After 6 weeks, this study has found a significant decrease in 

the total protein mean value compared with the control (C = 12.48 g/dl) in groups M2 and M3, 

which had values of 7.31 and 7.39 g/dl, respectively. While there was no significant difference in 

the total protein mean in groups G1, G2, G3, A1, A2, A3, and M1, which had values of 10.76, 

10.49, 8.73, 8.67, 8.97, 10.02, and 9.03 g/dl, respectively, The results showed no significant 

differences in the total protein mean value of all groups when comparing the differences in 

exposure times between 3 and 6 weeks see Table.7. They used total protein, albumin, and 

globulin tests to monitor the course of diseases such as immune disorders, liver dysfunction, and 

impaired kidney activity [17]. Toxicants cause severe pathological alterations in fish, mainly gill 

lesions and protein level changes, which are indications of exposure to pesticides [27-29]. 

protein reduction, Al, and globulin concentrations because liver function may be decreased and 

no longer produce Al or proteins. The total protein was reported as an index of liver disturbance  

[30]. 
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Table 7. Effect of Group and Period in Total protein 

Groups Mean ± SE of Total protein (g/dl) LSD value 

 3 Weeks 6 Weeks  

Control 12.48 ±2.72 12.48 ±2.72 10.70 NS 

 AB A A a 

G1 13.01 ±0.69 10.76 ±0.33 3.29 NS 

 A A AB a 

G2 9.97 ±0.52 10.49 ±0.44 2.94 NS 

 AB A AB a 

G3 9.10 ±0.70 8.73 ±0.51 3.71 NS 

 AB A AB a 

A1 9.00 ±0.50 8.67 ±0.37 2.67 NS 

 AB A AB a 

A2 9.65 ±1.25 8.97 ±0.03 5.38 NS 

 AB A AB a 

A3 10.65 ±0.95 10.02 ±0.58 4.80 NS 

 AB A AB a 

M1 9.40 ±0.40 9.03 ±0.60 3.12 NS 

               AB            A AB A 

M2 8.00 ±1.60 7.31 ±0.09 6.89 NS 

     

M3 8.01 ±0.30 7.39 ±0.07 1.351 NS 

LSD Value 4.973 * 4.49 * --- 

Means of TP with different big-letters in the same column and small-letters in the same row are significantly 

different.     * (P≤0.05). 

 

4. Conclusion 

     This experiment found a decrease in red blood cells (RBC), hemoglobin (Hb), and total 

protein (TP). While there was an increase in white blood cells (WBC) and albumin (Al) after six 

weeks of exposure, It was found that these changes increase with increasing pesticide 

concentrations and exposure duration when they are single. However, these changes are more 

severe when the fish are exposed to a mixture of pesticides at the same time, which is evidence 

of the synergistic action of these pesticides. 
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