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Figure 1- Map of the studied area in Bushehr Province- Bandarkangan
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Table 1: Biometric results of Asian seabass fish samples in Kangan port cages

maximum minimal standard error Mean number Variable
437.18 107.69 94.70 265.64 15 weight (gram)
31 22.00 2.61 26.82 15 Length (cm)

bl liow (oalo Gl 35 (595 3 090 LS jlunn Bl ymil (:Siln 5 S Ts  Jolas Y o
Table 2: The minimum and maximum concentrations of mercury and zinc investigated along with their mean and
standard deviation in the gills of Asian seabass

Maximum metal Minimum
Mean = standard deviation concentration(ng/g dry concentration(ng/g dry The name of the metal
weight) weight)
0+0.1 0.1 0.1 mercury
7.5 ¥ 0.52915 8.1 7.1 Zinc

Sl wlow (2l 395 (2 bowiign b asli mhaw ¥ Jguo
Table 3:The level of biochemical factors in the blood of Asian seabass

Mean + standard deviation Maximum concentration ~Minimum concentration Matter
0.09+1.19 1.27g/dI y.yyo/dl Albumin
12.834244.33 263mg/dl mg/dIyyy Triglyceride
13.08+154.33 172mg/dlI 135 mg/dl Glucose
15.08+194 215mg/dI 171mg/dl Cholesterol
0.20+3.36 3.57¢g/dl 2.95g/dl Total protein
4.78-%50.53 57ng/ml 45ng/ml Cortisol

Pk 59555 9 (o,biw) 419 g adgl Gloass) ponlicyl @Y o 55 (L) 46l laaid) (Soins (He) g3 ygs onalive Y JSo
(H&E,40X) 2alo Liinl ;o (N)

Figure 2: Observation of bleeding (He), adhesion of secondary filaments (Lf), destruction of the epithelium layer of
primary and secondary filaments (star) and cell necrosis (N) in fish gills (H&E, 40X)
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Figure 3: Observation of bleeding (He), adhesion of secondary filaments (Lf), destruction of the epithelium layer of
primary and secondary filaments (star) and cell necrosis (N) in the gill (H&E, 40X)
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Table 4: Statistical results of Kolmogorov-Smirnov data normality test

. . Kolmogorov-Smirnov Shapiro-Wilk

Biochemical factors — _ — _
Statistic df Sig. Statistic df Sig.
Total Protein 0.192 15 0.142 0.853 15 0.019
Albumin 0.407 15 0.000 0.656 15 0.000
Glucose 0.138 15 0.200* 0.935 15 0.328
Cortisol 0.186 15 0.171 0.890 15 0.068
Triglisrid 0.165 15 0.200* 0.938 15 0.353
Colestrol 0.166 15 0.200 0.938 15 0.359

*This is a lower bound of the true significance
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Table 5: The difference between the samples in the level of blood biochemical factors in relation to the level of

mercury
Biochemical factors Sum of Squares df Mean Square F Sig.
Between Groups 162.450 2 81.225 375 .695
Colestrol Within Groups 2596. 883 12 216.407
Total 2759.333 14
Between Groups 40.533 2 20.267 124 .884
Triglisrid Within Groups 1960.800 12 163.400
Total 2001.333 14
Between Groups 136.600 2 68.300 413 671
Glucose Within Groups 1985.133 12 165.428
Total 2121.733 14
Between Groups 14.600 2 7.300 .333 723
Cortisol Within Groups 263.133 12 21.928
Total 277.733 14
Between Groups 0.023 2 0.011 .920 425
Albumin Within Groups 0.148 12 0.012
Total 0.171 14
Between Groups 0.041 2 0.021 481 .630
Total protien Within Groups 0.514 12 0.043
Total 0.555 14

095 sloaign s as i 9 635 o bl sl One Way Anova (s bl gl # Jgozr
Table 6: One Way Anova statistical results of the relationship between zinc and blood biochemical factors

[ Downloaded from isfj.ir on 2025-11-30]

Biochemical factors Sum of Squares df Mean Square F Sig.
Between Groups +1840.133 2 920.067 12.011 .001
Colestrol Within Groups 919.200 12 76.600
Total 2759.333 14
Between Groups 1370.533 2 685.267 13.036 .001
Triglisrid Within Groups 630.800 12 52.567
Total 2001.333 14
Between Groups 1400.933 2 700.467 11.661 .002
Glucose Within Groups 720.800 12 60.067
Total 2121.733 14
Between Groups 184.933 2 91.467 11.578 .002
Cortisol Within Groups 94.800 12 7.900
Total 277.733 14
Between Groups 0.001 2 0.000 .018 .982
Albumin Within Groups 0.170 12 0.014
Total 0.171 14
Between Groups 0.020 2 0.01 .228 .799
Total protein Within Groups 0.534 12 0.045
Total 0.555 14
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Table 7: Correlation test results between mercury metal concentration and fish blood biochemical factors

Blt;gzgr;cal Total protein  Albumin  Glucose Cortisol Triglisrid  Colestrol Hg
Pearson 1 0421  0.118 -0.299 -0.088 0.338 -0.077
Total protein _Correlatl_on
Sig. (2-Tailed) 0.118 0.676 0.280 0.755 0.218 0.786
N 15 15 15 15 15 15 15
Pearson 0.421 1 -0.164 -0.170 -0.036 0.182 -0.356
Albumin _Correlatl_on
Sig. (2-Tailed) 0.118 0.559 0.545 0.898 0.516 0.192
N 15 15 15 15 15 15 15
Pearson 0.118 -0.164 1 0.852" 0.831™ -0.830™ -0.193
Glucose _Correlatl_on
Sig. (2-Tailed) 0.676 0.559 0.000 0.000 0.000 0.491
N 15 15 15 15 15 15 15
Pearls°.” -0.299 -0.170  0.852™ 1 0.895™ -0.947™ -0.011
Cortisol _Corre atI.OI’l
Sig. (2-Tailed) 0.280 0.545 0.000 0.000 0.000 0.970
N 15 15 15 15 15 15 15
Pearson -0.088 -0.036 0831~  0.895™ 1 0.782%  -0.100
Triglisrid _Correlatllon
Sig. (2-Tailed) 0.755 0.898 0.000 0.000 0.001 0.724
N 15 15 15 15 15 15 15
Pearlso.” 0.338 0182  -0.830™  -0.947™  -0.782" 1 0.085
Colestrol _Corre atl_on
Sig. (2-Tailed) 0.218 0.516 0.000 0.000 0.001 0.763
N 15 15 15 15 15 15 15
Pearsan -0.077 -0.356  -0.193 -0.011 -0.100 0.085 1
H Correlation
g Sig. (2-Tailed) 0.786 0.192 0.491 0.970 0.724 0.763
N 15 15 15 15 15 15 15
** Correlation is significant at the 0.01 level (2-tailed)
Pl 95 (o lowdion sl b 59y b CdAll s (Sowod Cond LS A Jgu
Table 8: Correlation test results between zinc metal concentration and fish blood biochemical factors
Blc;ggfgr;;cal Total protein  Albumin Glucose  Cortisol  Triglisrid  Colestrol Zn
Pearls°.” 1 0421  0.118 -0.299 -0.088 0.338 -0.152
Total protein Correlation
Sig. (2-Tailed) 0.118 0.676 0.280 0.755 0.218 0.588
N 15 15 15 15 15 15 15
Pearson 0.421 1 0164  -0.170 -0.036 0.182 -0.023
Albumin _Correlatl_on
Sig. (2-Tailed) 0.118 0.559 0.545 0.898 0.516 0.935
N 15 15 15 15 15 15 15
Pearson 0.118 -0.164 1 0.852"™ 0.831™  -0.830™  0.719™
Glucose _Correlatl_on
Sig. (2-Tailed) 0.676 0.559 0.000 0.000 0.000 0.003
N 15 15 15 15 15 15 15
. Pearson -0.299 0170  0.852™ 1 0.895  -0.947™  0.803™
Cortisol Correlation
Sig. (2-Tailed) 0.280 0.545 0.000 0.000 0.000 0.000
FA
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Biochemical

factors Total protein  Albumin Glucose  Cortisol  Triglisrid  Colestrol Zn
N 15 15 15 15 15 15 15
PearISO.” -0.088 0036 0831  0.895" 1 -0.782"  0.772"
Triglisrid . correlation
Sig. (2-Tailed) 0.755 0.898 0.000 0.000 0.001 0.001
N 15 15 15 15 15 15 15
Pearlso.” 0.338 0182  -0.830™  -0.947"  -0.782" 1 -0.794™
Colestrol C orre at|.on
Sig. (2-Tailed) 0.218 0.516 0.000 0.000 0.001 0.000
N 15 15 15 15 15 15 15
Pearson o o o o
. Correlation -0.152 -0.023  0.719 0.803 0.772 -0.794 1
Sig. (2-Tailed) 0.588 0.935 0.003 0.000 0.001 0.000
N 15 15 15 15 15 15 15
**Correlation is significant at the 0.01 level (2-tailed)
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Table 9: Comparison of the average concentration of mercury and zinc metals in the gill tissue of Asian seabass with
international standards (micrograms per gram of dry weight)

Standard mercury zinc Source
WHO 0.5 100 (WHO,1995)
FDA 1 - (Chen and Chen, 2001)
FAO 0.5 20 (FAO,2016)
NHMRC 0.3 150 (MAFF,1995)
UK(MAFF) 1.5 50 (Chen and Chen, 2001)
existence Research 0.1 7.5 Present research

WHO: Word Health Organization, FDA: Food and Drug Administration, NHMRC: National Health and Medical Research
Council, MAFF: Ministry of Agriculture Fisheries and Food
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Table 10: Comparison of blood biochemical factors measured in the recent research with previous researches

The average of the current

Other studies (control treatment) Matter Source
research
5.3g/dI 1.19 g/dl Albumin Fatahi et al., 2022
458 mg/dl 244.33mg/dl Triglyceride Fatahi et al., 2022
81.71 mg/dI 154.33 mg/dI Glucose Bangi et al., 2000
332 mg/dl 194mg/dl Cholesterol Fatahi et al., 2022
5.7 g/dl 3.36 g/di Total protein Bangi et al., 2000
5.169-26.6ng/ml 50.53 ng/ml Cortisol Bangi et al., 2000
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Abstract

This research was conducted with the aim of measuring and investigating the relationship
between heavy metals (mercury and zinc) and some biochemical factors of blood and gill tissue
of sea bass (Lates calcarifer) grown in cages in fall of 2022, located in Kangan port. After fixing
the samples with alcohol, they were transferred to the laboratory. The biometric indexes of the
fish including weight in grams were measured using a scale and total length in centimeters using
a biometric board. Then, a sample of the gills of each piece of fish was prepared and the
concentration of each metal was obtained by flame atomic absorption spectrophotometry. To
evaluate histological analysis, gill tissue samples were separated and stained by hematoxylin and
eosin method. Blood biochemical factors were measured according to the instructions of the
commercial kit. The results of this research showed that the average metal mercury and zinc were
0.1 and 7.5 microgram/g respectively in the fish blood serum of the samples. which was lower
than WHO and FAO standards. The average concentration of cortisol, glucose, albumin, total
protein, cholesterol and triglycerides were 50.55 ng/l, 154.33 mg/ dl, 1.19 g/dl, 3.36 g/dl, 194
mg/dl and 244 mg/dl were obtained, respectively. In the examination of the gill tissue sample of
Asian seabass, complications such as hyperemia, bleeding, hyperplasia, cell necrosis and
destruction of the epithelium layer of the primary and secondary strands of the gill were observed.
The concentration of heavy metals mercury and zinc in the gill tissue of the studied seabass was
lower than the standard limit determined by FAO and WHO.
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