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Comparison of the dietary organic and inorganic mercury threshold 

levels for the mercury toxicity in olive flounder, Paralichthys olivaceus 

 

  Said Majdood Raihan 
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Graduate School of Global Fisheries 

Pukyong National University 

 

Abstract  

This study was carried out to compare the dietary organic and inorganic mercury threshold 

levels for the mercury toxicity in juvenile olive flounder, Paralichthys olivaceus. Twenty-

eight fish averaging 3.1 ± 0.05 g (mean ± SD) were randomly distributed into each of 

twenty-seven tanks. Each tank was randomly assigned to one of three replicates of nine 

experimental diets for eight weeks. The experimental diets were formulated to contain 0 

(Control), 10 (IHg10, OHg10), 20 (IHg20, OHg20), 40 (IHg40, OHg40) and 160 (IHg160, 

OHg160) mg organic or inorganic Hg/kg diet. At the end of eight weeks of feeding trial, 

weight gain (WG) from fish fed control and 10 (IHg10, OHg10) diets were significantly 

higher than those from fish fed 20 (IHg20, OHg20), 40 (IHg40, OHg40) and 160 (IHg160, 

OHg160) (P < 0.05). Specific growth rate (SGR) and feed efficiency (FE) from fish fed 

control and 10 (IHg10, OHg10) were significantly higher than those from fish fed 40 
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(IHg40, OHg40) and 160 (IHg160, OHg160). Tissue mercury concentrations increased 

with dietary organic mercury content of diets. Mercury accumulated the most in kidney, 

followed by liver and gill. Broken-line regression analysis of WG indicated that the dietary 

Hg threshold toxicity level for juvenile olive flounder could be 13.5 mg Hg/kg diet in the 

form of HgCl2 and 8.7 mg Hg/kg diet in the form of MeHg. 

 

Keywords: Comparison, Organic, Inorganic, Mercury, Olive flounder 
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Introduction 

Mercury is a metallic element that occurs naturally in the environment. 

There are three primary categories of mercury and its compounds: elemental 

mercury, which may occur in both liquid and gaseous states; inorganic 

mercury compounds, including mercurous chloride, mercuric chloride and 

mercuric sulfide; and organic mercury compounds (WHO Geneva, 2003). 

The primary process involved in the transformation of mercury in aqueous 

environments is biological conversion to organomercury compounds by a 

variety of microorganisms, mainly sulfur-reducing forms of anaerobic 

bacteria (Gilmour & Henry, 1991). The formation of methylmercury is 

enhanced at low pH and higher mercury concentrations in the sediment 

(Gilmore and Henry, 1991). Some yeast species (e.g., Candida albicans and 

Saccharomyces cerevisiae) are also capable of methylating mercury at lower 

pH and can reduce ionic mercury species to elemental mercury as well. 

Lakes that have been acidified by acid rain or industrial runoff favor the 

methylation of mercury, although such conditions also decrease the 

abundance of fish species, which biomagnify mercury in the food-chain. 

Anaerobic conditions (Regnell & Tunlid, 1991) and increasing dissolved 
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organic carbon levels (Gilmour and Henry, 1991) both tend to substantially 

increase the methylation of mercury. 

The conversion of inorganic mercury to methyl mercury is important for 

two reasons: (1) methyl mercury is much more toxic than inorganic mercury, 

and (2) Organisms require considerably longer time to eliminate methyl 

mercury. At this point, the methyl mercury-containing bacteria may be 

consumed by the next higher level in the food chain, or the bacteria may 

release the methyl mercury to the water where it can quickly adsorb to 

plankton, which are also consumed by the next level in the food chain 

(Krabbenhoft and Rickert, 2009). 

Both inorganic and organic mercury are well known to cause damage to the 

central nervous system (CNS) of teleost fish. The organic, methylated, 

mercury compound readily passes the blood brain barrier and is considered 

by far the most neurotoxic form (Baatrup, 1991). Methylmercury easily 

accumulates along the aquatic food chain and dietary exposure is a major 

route of uptake in fish (Harris and Bodaly, 1998). Inorganic mercury may be 

methylated in the gut lumen prior to absorption (Rudd et al., 1980), or 

absorbed directly to produce toxic effects (Handy & Penrice, 1993). 
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Olive flounder, Paralichthys olivaceus, is one of the most economically 

important fish species farmed in eastern Asia including Korea, Japan and 

China. The Korean aquaculture production of olive flounder reached 54.675 

metric tons in 2009 (National Statistical Office 2010). Due to its high 

nutritional value and profitable economic returns, olive flounder has become 

an important aquaculture species in Asia. According to FAO (2008) olive 

flounder, P. olivaceus, contributed over 42% (41.171 metric tons) of the 

97,663 metric tons of marine finfish production in Korea in 2007, a huge 

increase from the meager 20 metric tons in 1987 and 26,274 metric tons in 

1997 (Lee, 2013).  

In the republic of Korea, fish consumption, including consumption of 

olive flounder, has increased over the past few years, despite the increased 

awareness of the risks posed by harmful contaminants. Daily seafood 

consumption reached 50.6 g per person, which accounted for 3.8% of the 

total food ingested. The concentration of methyl mercury and total mercury 

in seafood ranged from 1.02 to 780 (mean: 55.6) ng/g wet weight and 4.89 

to 1008 (mean: 100) ng/g wet weight, respectively (Lee 2013). Since olive 

flounder, a marine species, is one of the major food fish in Korea, there is 

the likelihood of this species being a source of exposure to mercury. Most 
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studies have been on organic mercury toxicity because inorganic mercury 

generally is converted to organic mercury along the food chain in nature. 

However, inorganic mercury has been detected in seafood, too. Currently, 

no studies have been carried out on toxicity levels of dietary mercury. 

Therefore, this study aims to compare the dietary organic and inorganic 

mercury threshold levels for the mercury toxicity in olive flounder, 

Paralichthys olivaceus, by using MeHg and HgCl2 as dietary organic (OHg) 

and inorganic (IHg) sources of mercury, respectively.  
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Materials and Methods 

Experimental diets 

Feed formulation and proximate composition of the basal diet is shown in 

Table 1. Nine semi-purified experimental diets were formulated to contain 

50.0% crude protein and 10.0% crude lipid. Four of the diets were 

formulated to contain 10 (IHg10), 20 (IHg20), 40 (IHg40) or 160 (IHg160) 

mg organic mercury (OHg)/kg diet in the form of methyl mercury (MeHg); 

four were to contain 10 (OHg10), 20 (OHg20), 40 (OHg40) or 160 

(OHg160) mg inorganic (IHg)/kg diet in the form of mercuric chloride 

(HgCl2) while one diet (control) was formulated to contain no mercury. 

Casein and fish meal were used as the protein sources in the diets; wheat 

flour, dextrin, and corn starch as the carbohydrate sources; and fish oil as 

the lipid source.  

Dry ingredients were mixed, followed by the addition of water and oil into 

the mixture. Mercury was dissolved in 200 mL distilled water and mixed 

well with the other feed ingredients prior to pelleting. The mixture was 

formed into dough and dry pellets were made by passing the dough through 

a screw type pelleting machine (3 mm diameter) and air drying the formed 
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pellets for approximately 48 hours. After processing and drying, the diets 

were broken up and sieved into the right pellet size, packed into small bags, 

and all the experimental diets were stored at −20 C until they were fed to 

fish. 

Experimental fish and feeding trial 

A feeding trial was carried out at the Feeds and Foods Nutrition Research 

Center, Pukyong National University, Busan, Republic of Korea. Fish were 

transported to the experimental station and acclimated to the experimental 

conditions for two weeks before the feeding trial began. During this period, 

fish were fed a mercury-free diet to deplete the body mercury reserve. The 

feeding trial was conducted by using the recirculating system with twenty-

seven 30-L tanks receiving filtered seawater at the rate of 0.8 L/min from 

the center tank. Seawater temperature was maintained at 18±2°C by heaters 

in the center tank during the whole experimental period. Supplemental 

aerations were provided to maintain dissolved oxygen levels near saturation 

(6.5±0.5 ppm) and the salinity of the seawater was 33±1 g/L. Twenty-eight 

fish of initial average weight 3.1±0.05 g (mean±SD) were randomly 

distributed into each of twenty-seven tanks. Each tank was then randomly 
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assigned to one of three replicates of nine diets. Triplicate groups of fish 

were fed each experimental diet to satiation (approximately 2% of wet body 

weight per day at the beginning and 1% of wet body weight per day at the 

end of the feeding trial). Fish were fed twice a day at 800 and 1800 h for 

eight weeks. During the feeding, the water circulation was stopped for 30 

min to enhance ingestion and to reduce carryover of mercury from one tank 

to the other. Feeding was done slowly and carefully to ensure that no 

uneaten food remained in the tanks during feeding, thus leaching of Hg into 

water was very low and negligible. Before restarting water circulation, tanks 

were siphoned and water in the center tank was completely replaced in the 

evening. Total body weight in each tank was determined every two weeks 

and the amount of diet fed to the fish was adjusted accordingly.  

Sample collection and analyses 

At the end of the feeding trial the total number and weight of fish in each 

tank were counted and measured for weight gain (WG), specific growth rate 

(SGR), feed efficiency (FE), protein efficiency ratio (PER) and survival. 

Samples of gill, liver and kidney tissues were taken for determination of 

mercury concentration in the respective tissues; except of tanks assigned to 
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OHg160 containing diets, because only 2% of the fish were survived at the 

end of feeding trail. Gill, liver, and kidney tissues were taken from four 

randomly selected fish per tank. The obtained tissues were fixed in the 10% 

neutral buffered formalin, dehydrated in a graded ethanol series and 

embedded in paraffin. Tissue blocks were sectioned and stained with 

hematoxylin and eosin (H and E). Tissue sections were examined under an 

AX70 Olympus (Japan) microscope for common and/or significant lesions. 

Three other fish were randomly sampled from each tank and pooled into 

treatment groups for whole-body Hg concentration analysis. Hematocrit was 

determined by the micro hematocrit method (Brown 1980), and hemoglobin 

(Hb) was measured by the cyanmethemoglobin procedure using Drabkin’s 

solution. Mercury contents of diet, tissue, whole-body excluding the 

intestine were determined spectrophotometrically following digestion of 

samples in nitric acid (AOAC, 2000). The concentrations of Hg in the 

diluted digest solutions were determined by using an Inductively Coupled 

Plasma Mass Spectrometer (Perkin-Elmer 3300, Waltham, MA, USA) 
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 Statistical analysis 

All data were subjected to one-way analysis of variance (ANOVA) test 

using SAS Version 9.0 (SAS Institute, Cary, NC, USA). When a significant 

treatment effect was observed, a least significant difference (LSD) test was 

used to compare the means. Treatment effects were considered significant at 

P < 0.05. 
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Results 

Growth performances 

Weight gain (WG), specific growth rate (SGR), feed efficiency (FE), 

Protein efficiency ratio (PER) and survival of juvenile olive flounder, 

P.olivaceus, fed diets containing different levels of organic and inorganic 

mercury are shown in Table 2. 

At the end of 8 weeks of feeding trial, (WG) from fish fed Hg0, IHg10 and 

OHg10 diets were significantly higher than those from fish fed IHg20, 

IHg40, IHg160, OHg20, OHg40 and OHg160 diets (p ≤ 0.05). Also, WG 

from fish fed IHg20 diet was significantly higher than those from fish fed 

IHg40, IHg160, OHg40 and OHg160 diets. Furthermore, WG from fish fed 

IHg40 diet was significantly higher than those from fish fed OHg40 and 

OHg160 diets. However, there were no significant differences in WG 

among fish fed Hg0, IHg10 and OHg10 diets, between fish fed IHg20 and 

OHg20 diets, between fish fed IHg40 and IHg160 diets or between those fed 

IHg160 and OHg40. Specific growth rate from fish fed Hg0, IHg10 and 

OHg10 diets were significantly higher than those from fish fed IHg40, 

IHg160, and OHg40 and OHg160 diets. Also, SGR from fish fed OHg40 

diet was significantly higher than those from fish fed OHg160 diet. 
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However, there were no significant differences in SGR among fish fed Hg0, 

IHg10, IHg20, OHg10 and OHg20 diets, among fish fed IHg20, IHg40 and 

OHg20 diets or among those fed IHg40, IHg160 and OHg40 diets. Feed 

efficiency from fish fed Hg0, IHg10 and OHg10 diets were significantly 

higher than those from fish fed IHg160, OHg40 and OHg160 diets. Also, FE 

from fish fed IHg160 diet was significantly higher than that from fish fed 

OHg160 diet. However, there were no significant differences in FE among 

fish fed Hg0, IHg10, IHg20, IHg40, OHg10 and OHg20 diets, among fish 

fed IHg20, IHg40, OHg20 and OHg40 diets or among those fed IHg160 and 

OHg40 diets. Protein efficiency ratio from fish fed OHg10 diet was 

significantly higher than those from fish fed IHg160, OHg20, OHg40 and 

OHg160 diets. Also, PER from fish fed IHg160 diet was significantly higher 

than that from fish fed OHg160 diet. However, there were no significant 

differences in PER among fish fed Hg0, IHg10, IHg20, IHg40 and OHg10 

diets, among fish fed Hg0, IHg10, IHg20, IHg40 and OHg20 diets, among 

fish fed IHg20, IHg40, OHg20 and OHg40 diets or among those fed IHg160 

and OHg40 diets. There were no significant differences in survival from fish 

fed all the experimental diets, except fish fed OHg160 diet. 
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Proximate Composition 

Proximate composition of whole-body and muscle of juvenile olive flounder, 

fed the experimental diets containing nine different mercury levels for 8 

weeks is summarized in table 3. There were no significant differences in 

whole-body moisture, crude protein, crude lipids and ash from fish fed all 

experimental diets, except for the whole-body crude lipid from fish fed 

OHg40, which was significantly lower than that from fish fed Hg0. Also 

there were no clear trends that could suggest the effects of the different 

dietary mercury levels on proximate composition of fish fed all the 

experimental diets.  

Mercury concentration 

Total mercury accumulations in liver, kidney and gill tissues of fish fed all 

the experimental diets for 8 weeks are shown in Table 5. Whole body Hg 

burden increased in a dose-dependent manner, mercury concentration in 

liver, kidney and gill tissues of fish fed OHg40 diets were significantly 

higher than those of fish fed containing less than Hg0, IHg10, IHg20, IHg40, 

IHg160, OHg10 and OHg20 diets (p<0.05), and there were no significant 

differences on total mercury concentrations in liver, kidney and gill from 
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fish fed Hg0, IHg10 and IHg20 diets (p≥0.05). Meanwhile, kidney showed 

the highest total mercury concentration followed by liver and gill. 

Serological characteristics 

Serological characteristics of juvenile olive flounder, P.olivaceus, fed diets 

containing different levels of organic and inorganic mercury are shown in 

Table 4. There were no significant differences in total protein, aspartate 

transaminase, alanine transaminase and cholesterol from fish fed all the 

experimental diets. 

Broken line analysis 

 Broken-line analysis of WG indicate that the dietary organic and inorganic 

mercury threshold levels for the mercury could be 13.5 mg Hg/kg diet in the 

form of HgCl2 and 8.7 mg Hg/kg diet in the form of MeHg in juvenile olive 

flounder. 
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Table 1. Formulation and proximate analysis of the basal diet (% of DM basis). 

Ingredients % in diet 

Casein1 27.0 

Fish meal2 32.0 
Wheat flour3 18.0 
Dextrin1 4.20 

Corn starch2 3.50 

Fish oil4 6.10 

Vitamin premix5 3.00 

Mineral premix6 3.00 

Cellulose1 3.20 

Hg-premix(5000 ppm) 0.00 
1 Sigma aldrich ,  St. Louis MQ 63103. 
2 Su Hyup Feed Co., Uiryeong, Republic of Korea. 
3 Young Nam Flour Mills Co., Busan, Republic of Korea. 
4 E-Wha Oil Co. Ltd., Busan, Republic of Korea. 
5 contains (as mg/kg in diets) : Ascorbic acid,300: Inositol, 150; Menadione,  6;Niacin, 150; 

Pyridoxine.HCl, Riboflavin, 30; Thiamine mononitrate, 15; dl-a-Tocopherol acetate, 

201;Retinyl acetate, 6; Biotin, 1.5;B12 ,0.06   
6 contains( as mg/kg in diets ) : Nacl,437; MgSo4.7H2O,1379.8; ZnSo4.7H2O,226.4;Fe-

Citrate,299;MnSo4,0.016; FeSo4, 0,378;CuSo4,0.00033; Calcium Iodate, 0.0006; 

MgO,0.00135;NaSeO3,0.00025. 
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Table 2. Growth performances of juvenile olive flounder, Paralichthys 

olivaceus fed nine experimental diets for 8 weeks1 

Diets2 WG3 SGR4 FE5 PER6 SR7 

Hg0 288.4a 2.77a 109.8a 2.33ab 81.7 

IHg10 285.3a 2.75a 106.4a 2.29ab 83.3 
IHg20 266.9b 2.65ab 102.1ab 2.16abc 85.0 
IHg40 232.1cd 2.45bcd 95.8ab 2.06abc 78.3 

IHg160 207.6de 2.29cd 77.4c 1.65d 85.0 

OHg10 282.9a 2.74a 110.2a 2.34a 81.7 

OHg20 243.8bc 2.52abc 94.4ab 1.99bc 86.7 

OHg40 200.4e 2.24d 87.0bc 1.87cd 73.3 

OHg160 7.3f 0.12e 4.1d 0.07e 13.3 

Pooled SEM8 15.5 0.15 6.0 0.13 4.2 
1Values are mean from triplicate groups of flounder where the values in each row with 

different superscripts are significantly different (P<0.05). 

2Refer to the table1 

3WG Weight Gain (%) = (final weight-initial weight)*100/initial weight. 

4 SGR (%/day) = (Ln final weight – Ln initial weight)  × 100 /day  

5 FE (%) = (wet weight gain (g) ×100 /dry feed intake)  
6 PER = Wet weight gain (g) / Protein intake (g) 

7SR (%): (total stocked fish-dead fish at the end)*100/total stocked fish 

8Pooled SEM: pooled Standard Error of Means: SD /√n. 
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Table 3. Whole-body proximate composition of juvenile olive flounder, 

Paralichthys olivaceus fed nine experimental diets for 8 weeks 

Diets1 Moisture 
Crude 
Protein 

Crude 
Lipid 

Ash 

Hg0 76.3a 70.5a 11.7a 12.7a 

IHg10 77.7a 70.2a 11.1ab 13.3a 

IHg20 77.5a 69.4a 11.2ab 14.1a 

IHg40 78.3a 69.1a 10.7ab 14.1a 

IHg160 77.7a 69.0a 9.9ab 14.4a 

OHg10 77.8a 70.0a 11.0ab 13.4a 

OHg20 77.5a 69.7a 9.1ab 14.2a 

OHg40 77.3a 69.1a 8.8b 15.2a 

OHg160 ND ND ND ND 

Pooled SEM8 0.2 0.3 0.3 0.3 
1 Refer to the table1 

2Pooled SEM: pooled standard Error of Means: SD/√n 
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Table 4. Serological characteristics of juvenile olive flounder, Paralichthys 

olivaceus fed nine experimental diets for 8 weeks1 

Diets1 Total Protein2 AST3 ALT4 Cholesterol5 

Hg0 1.8 242.5 15 141 

IHg10 2.2 297.7 11.7 160.3 

IHg20 2.2 224.3 9.0 155 

IHg40 2.0 268.7 12.3 150.3 

IHg160 1.7 225.3 10.7 140.5 

OHg10 1.9 224 11.0 167.7 

OHg20 1.7 254.3 11.7 142.3 

OHg40 1.7 232 11.3 152 

OHg160 ND ND ND ND 

Pooled 
SEM8 

0.1 10.4 0.7 3.3 
1Values are mean from triplicate groups of flounder where the values in each row with 

different superscripts are significantly different (P<0.05) 

2Refer to the table1 

3Total protein (mg/dL) 

4AST Aspartate transaminase (Glutamic oxaloacetic transaminase) 
5ALT Alanine transaminase (Glutamic pyruvic transaminase) 

6Cholesterol (mg/dL) 

7Pooled standard error of means: SD/√n 
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Table 5. Tissues mercury content of juvenile olive flounder, Paralichthys 

olivaceus fed nine experimental diets for 8 weeks1 

Diets Gill Kidney Liver 

Hg0 1.83d 2.02e 1.38e 

IHg10 1.63d 2.30e 1.52e 

IHg20 1.77d 2.88e 3.12de 

IHg40 2.55d 5.09de 7.55c 

IHg160 3.37cd 13.79c 17.08b 

OHg10 5.32bc 8.44d 6.69cd 

OHg20 7.58b 17.74b 14.53b 

OHg40 13.82a 28.29a 24.20a 

OHg160 ND ND ND 

Pooled SEM8 0.77 1.66 1.49 
1Values are mean from triplicate groups of flounder where the values in each row with 

different superscripts are significantly different (P<0.05) 

2 Refer to the table1 

3Pooled SEM: pooled standard Error of Means: SD/√n 
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Weight Gain 

 

Fig.1.Average weight gain of juvenile olive flounder, Paralichthys olivaceus, fed diets 

containing different levels of dietary mercury for 8 weeks. Values are means (± SD) of 

triplicate groups, where bars with different letters are significantly different (P < 0.05). 
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Feed efficiency 

 

Fig.2.Average feed efficiency of juvenile olive flounder, Paralichthys olivaceus, fed diets 

containing different levels of dietary mercury for 8 weeks. Values are means (± SD) of 

triplicate groups, where bars with different letters are significantly different (P < 0.05). 
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Broken line analysis 

 

Fig.3. Broken-line analysis of weight gain (%); each point represents the mean of 

three replicate groups. The dietary threshold level for inorganic Hg toxicity could 

be 13.5 mg Hg/kg diet in the form of HgCl2 
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Broken line analysis 

 

Fig.4. Broken-line analysis of weight gain (%); each point represents the mean of three 

replicate groups. The dietary threshold level for organic Hg toxicity could be 8.7 mg Hg/kg 

diet in the form of MeHg 
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Discussion 

In the present study, organic and inorganic mercury concentrations ranging 

from 10(OHg, IHg) mg to 160 (OHg, IHg) mg/kg diet were tested. The diet 

containing 160 mg organic mercury/kg diet (OHg160) had the most toxic 

effect on growth performance of fish compare with those of diets containing 

less than Organic and inorganic mercury concentration and at the end of 

feeding trail almost 97%  of the fish were died. In previous studies with 

teleosts, Rodgers and Beamish (1982) found no mortality in rainbow trout 

exposed to 25, 45, or 95 mg MeHg/kg diets for 12 weeks. Similarly, Houck 

and Cech (2004) reported no significant mortality in Sacramento blackfish 

fed 22.2 or 55.5 mg MeHg/kg diets over 10 weeks. Significant mortality 

was observed in Sacramento blackfish fed diets with 55.5 mg MeHg/kg only 

after 35 weeks. However, juvenile beluga sturgeon (Huso huso) have been 

shown to be more sensitive than green sturgeon to dietary MeHg, in beluga 

sturgeon 100% mortality was observed when they were fed a 16.22 mg 

MeHg/kg diet for 6 weeks (Gharaei et al., 2008). Generally, organic 

mercury proved to be more toxic than the inorganic form, with fish fed 
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organic mercury having significantly, or at least, numerically poorer growth 

than those fed inorganic mercury at the same dietary inclusion levels. 

Broken-line regression analysis of weight gain (WG) indicated that the 

dietary Hg threshold toxicity level for juvenile olive flounder could be 13.5 

mg Hg/kg diet in the form of HgCl2 and 8.7 mg Hg/kg diet in the form of 

MeHg. (Lee 2013) reported that the dietary threshold level for mercury 

toxicity in juvenile olive flounder, Paralichthys olivaceus could be 55.9 

mgHgCl2/kg diet based on broken line analysis of weight gain for the 

external growth level and less than 4.64 mg HgCl2/kg diet based on broken 

line analysis of metallothionein expression for the molecular level. 

 Previous studies that include the biological consequences of dietary 

mercury exposures are contradictory as to the dietary threshold level that 

threatens fish health. Wobeser (1975) found no adverse effects on growth in 

rainbow trout (Oncorhynchus mykiss) fed mercury concentrations up to 16 

mg/kg dry feed. In contrast, Friedmann et al. (1996) reported induction of 

reduced growth in juvenile walleye (Stizostedion vitreum) fed fish muscle 

contaminated with mercury at concentrations as low as 0.1 mg/kg wet weigh. 

However, the organism’s physiology could be clearly affected by mercury 

toxicity. High-affinity binding of divalent mercuric ions to thiol or 
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sulfhydryl groups of proteins is believed to be the major mechanism of 

mercury toxicity. Binding to hydroxyl, carboxyl, and phosphoric groups 

may also contribute to toxicity (ATSDR, 1999). Sulfhydryl groups play an 

integral part in the structure and function of most proteins, and binding by 

mercury results in decreased enzyme activities, impaired structural 

functionality, and disruption of transport process (Zalups and Lash, 1994).  

Except for the whole-body crude lipid from fish fed OHg40, there were 

neither significant differences nor clear trends that could suggest the effects 

of the different dietary mercury levels on proximate composition of fish fed 

all the experimental diets. Previous study indicated that, the whole body 

moisture content in green sturgeon was significantly higher than that in 

white sturgeon in each treatment group, whereas whole body crude protein, 

lipid, and energy con-tents in white sturgeon were significantly higher than 

those in green sturgeon in each treatment group (Jang and Bia, 2011), 

therefore, dietary MeHg had no significant effect on whole body moisture, 

crude protein, lipid, or energy content in either species.  

 Fish fed containing OHg40 mg/kg diet showed the highest total mercury 

concentrations in liver, kidney, and gill tissues than those fish fed diets 

containing less than organic and inorganic mercury concentration. 
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Meanwhile, the kidney showed the highest total mercury concentration 

followed by liver and gill. The increased mercury load in the experimental 

diets is resulted in a great accumulation in fish tissues. According to Van 

der Oost et al. (2003), bioaccumulation should be addressed including 

toxicokinetics, metabolism, and organ-specific bioaccumulation. 

Similar to whole-body proximate composition, serological parameters 

characteristics of juvenile olive flounder, P. olivaceus, were not 

significantly affected by dietary mercury in the two forms at any of the 

tested levels, due to variations in the strength and duration of the serological 

response and lack of validated and standardized procedures, detection of 

fish antibodies has not yet been accepted as a routine diagnostic method for 

assessing mercury toxicity level in fish. These results show that whole-body 

proximate composition and serological characteristics may not be good 

early indicators of mercury toxicity in juvenile olive flounder.  
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In conclusion, dietary mercury affects growth of juvenile olive flounder. 

Growth performance proved to be more reliable than whole-body proximate 

composition and serological characteristics in determining the dietary 

threshold levels for mercury toxicity in juvenile olive flounder. Based on 

broken-line analysis of WG, the dietary threshold levels for mercury toxicity 

in juvenile olive flounder could be 13.5mg Hg/kg diet in the form of HgCl2 

and 8.7mg Hg/kg diet in the form of MeHg.  
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