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ABSTRACT 

 

  Abstract—The purposes of this study were to investigate the cadmium and lead concentrations in edible 

portions of river fish that collected during wet season and dry season from market at 4 provinces near Chao Phraya 

river of Thailand including, Nakhon Sawan (NK),Chainat (CN) ,Singhaburi (SB) and Angthong (AT) and determine 

the potential health risk of the observed concentrations of both metals to human health.  The maximum 

concentration of cadmium was found in C. striata from AT province during the wet season at 1.357 mg/kg dry 

weight.  The maximum concentration of lead was found in K. bleekeri from AT province during dry season at 0.658 

mg/kg dry weight.  The cadmium concentrations in C. striata , P. hypopthalamus, and K. bleekeri  as wet weight 

basis exceeded the permissible limit level in fish that have been proposed by EU (0.05  mg/kg wet weight) whereas 

the concentrations of lead did not exceed the permissible limit level of the EU (0.3 mg/kg wet weight).  The 

obtained daily intake of cadmium from selected fish species varied between of 0.011 – 0.573 µg/day which did not 

exceed the maximum allowable guideline level established by the WHO (1 µg /kg B.W/day).  Similarly, the 

obtained daily intake values of lead from selected fish species in each sampling site varied between of 0.115 – 0.340 

µg/ kg B.W/day which did not exceed the maximum allowable guideline level established by the  WHO  (3.5 µg/kg 

B.W/day).  The calculated target hazard quotient values in this study were not greater than 1, suggesting the safe 

level through consumption of these fish.    

  Key words— cadmium, lead, fish health risk, Thailand  
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INTRODUCTION 

 

Cadmium and lead are heavy metals that potentially cause adverse effect to human health [1] [2]. They are 

ubiquitous in environment and accumulated in all part of environment including atmosphere, soil and aquatic 

ecosystems.  Cadmium and lead are toxic metals that were classified as carcinogens.  They can cause several 

adverse effects to human health by disruption of several biochemical processes and can induce renal, prostate and 

ovarian cancers [1] [2]. Due to its properties, cadmium and lead are readily to dissolve in water and have high 

potential to contaminate in all part of aquatic ecosystems and subsequently to accumulate in food chain [3].  The 

heavy metal aquatic contamination is a threat to humans who consume contaminated water and aquatic organisms.  

Fish are the important fishery component of aquatic ecosystem which occupy a high trophic level and have been 

reported to be the important sources of human protein.  The contamination of heavy metals in fish can reflect the 

water quality and the bio-accumulation of heavy metal in food web [4]. Currently, contamination of heavy metals in 

river has become a matter of great concern due to the fact that heavy metals contaminated water and fish are one of 

the routes for non-occupational exposure for human [5].  Due to fish’s high nutritional content, fish have been 

recommended for consumption among people in several regions.  Thus, fish consumption has increased in several 

regions in the world and the quality of fish and their products are of interest.  Prolonged consumption of river fish 

that contaminated heavy metal may increase the risk to have adverse effect on human health. Therefore, 

contamination of heavy metals in fish is increasing global attention [4].  To prevent the health problems to humans 

and to maintain clean aquatic ecosystems, the contamination of heavy metals in fish should be monitored regularly 

[6]. 

In Thailand, inland capture fisheries from river and lake are an important source of animal protein for the 

rural people [7]. The captured fish from river mostly come from the fishermen who live near the river side.   In the 

central part of Thailand, the major river fish are mostly from Chao Phraya River.  This river is 320 meter long which 

begins from the confluence of Ping and Nan River at Nakhon Sawan city. The river flows from the north to south 

and flows to the gulf of Thailand at Samutprakarn province.  The area of the Chao Phraya River basin is 

approximately 160,000 km2, which is 30% of the total area of Thailand [8]. The Chao Phraya River supplies water 

and several aquatic organisms particularly the river fish for people. There are approximately 300 species of fish in 

the Chao Phraya River; the dominant species in this river are cyprinids and various catfish taxa [9]. Nowadays, the 

Chao Phraya River has been reported to suffer from pollutions which come from industrial sources, leachate from 

agricultural activities and untreated urban discharges.  Witjaya [10] stated that high level of cadmium, copper, 

chromium, lead and zinc concentrations were found to accumulate in Chao Phraya river sediment at the sampling 

site that mainly located within Bangkok area which near the river mouth.  The major source of heavy metal 

accumulation in Chao Phraya river sediment was from anthropogenic activities [10]. However, the data about 

contamination of heavy metal in river fish in Thailand are still scarce.  Reports about heavy metal in river organisms 

mostly found from a study that collecting organisms from the Chao Phraya River’s mouth of Cheevaporn and 

Menasveta [11] found that several heavy metal including lead cadmium and mercury were observed at high 

concentrations in mussels and clams from river mouth of Chao Phraya River that located at the inner gulf of 

Thailand. Cheevaporn and Menasveta [11] suggested that organisms in the river mouth of Thailand particularly the 

important sea food such as clam and mussel accumulated the high concentration of heavy metal which may pose a 

threat to human health.  They also suggested regularly monitoring the contamination of heavy metal in aquatic 

organisms.  Dummee et al [3] determined several heavy metals in water, sediment and snail in Beung Boraphet 

which is the largest lake of Thailand that located in Nakhon Sawan province.  This lake connects to Nan River by 

over spills of the river during rainy seasons.  The contents of several heavy metals including copper, manganese, 

ferrous, zinc, lead and cadmium were determined during wet and dry seasons.    Dummee et al [3] found that water 
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quality of Beung Boraphet was medium level of cleanliness.  The sediment of the lake contained high concentrations 

of ferrous and copper and the high bio-accumulated of manganese was found in snails and aquatic plants.  They also 

suggested using snails and aquatic plants as the bio-monitors of sedimentary metal of the lake.  

However, the concentrations of cadmium and lead in fish from Chao Phraya River or from the market 

proximal to the Chao Phraya River need to be studied due to the scarcity of the data. In addition, the area of Chao 

Phraya River is the largest area for the irrigation rice cultivation in Thailand (55 % of irrigation area in Thailand) 

[12].  The Chao Phraya dam was constructed at Chainat province to elevate the river level for contribution of 

irrigation areas.  Therefore, the areas surrounded the Chao Phraya river including, Nakhon Sawan province, Chainat 

province, Singhaburee province, Angthong province are the major provinces that cultivated rice under irrigation 

system [13].  Therefore, the leachate contaminated heavy metals from paddy fields may be carried to Chao Phraya 

River which may cause accumulation of heavy metals in river ecosystems. In addition, studies of concentrations of 

cadmium and lead in marketed fish captured from the 4 provinces and the health risk assessment are still scarce. 

Therefore, the purpose of this study was to investigate the concentrations of cadmium and lead in river fish that 

collected from markets near Chao Phraya River.  The collected species of fish in this study were mostly captured 

from the river. The risk assessment was conducted to assess the potential health risk in term of dietary intake and 

target hazard quotient for people who live in the vicinity area of Chao Phraya River.  

 

MATERIALS AND METHODS 

 1.1 Sampling site 

The sampling site in this study were markets located in the city near Chao Phraya  River; the site, from 

upstream to downstream, included  Nakhon Sawan (NK) ,Chainat (CN) ,Singhaburi (SB) and Angthong (AT) 

(figure 1).  Fresh fish were collected during wet season (August) and after wet season (November) in Thailand in 

2015.  

Figure 1 

Sampling sites for collecting of fish sample at cities near Chao Phraya River in Thailand 

 

 

 

 

 

 

 

 

 

 

1.2 Sample collection and preservation 

  Almost of the selected species of fish were restricted to Chao Phraya River.  These fish were to be 

consumed by the people in the vicinity of Chao Phraya River and were probably caught by the local fishermen. The 

species of river fish were available at the open market in the morning.  Different fish species were collected from the 
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same period.  However, if there were the same species of fish was sold by different fishermen, at least 3 samples 

from 3 different fishermen were obtained.  After collection fish samples, the fish were washed by clean water to 

remove some fouling and then the samples were weighted and preserved in the ice containers. Some of the preserved 

fish were brought to identify species and the rest were brought to the next process. 

   

  The preserved fish samples were transported to the laboratory and then they were subjected to another wash 

with clean water. The pre-treatment processes of the edible portions of the sample were conducted in a manner to 

imitate processing of regional people prior to consumption.  Almost all of the fish samples were processed by 

removing the scales, head, fin, tale and bones followed by cutting the edible portions (muscle tissues) into small 

pieces and washing thoroughly with distilled water; the edible portions were weighted before drying with the hot air 

oven.  However, some of species of the fish samples were to be consumed without remove scales bones and heads 

due to the fact that they were small fish.  Therefore, these small fish samples were cut into small pieces without 

remove scales, heads and bones.  

  

 The fish samples were dried in the hot air oven at 80 oC (Contherm Rmotec 2000) overnight until the 

constant dry weight was reached.  The dried samples were pulverized by wood mortar and then stored in polythene 

zip-bags and keep in desiccators.    

1.3 Digestion and heavy metal analyze 

The digestion method in this study was conducted based on the method described in Hseu [14].  Briefly, 1 

g. of pulverized fish was weighted and placed in glass beaker with 5 ml of concentrated HNO3 followed by 10 ml of 

concentrated H2SO4 .  After mixing the pulverized fish samples and the acids the mixture would liquefy; when the 

reaction was complete the samples were heated using a hotplate.  The samples were heated on medium heat until the 

mixture decrease in volume and a clear solution.  Then the solutions were left to cool at room temperature and then 

filtered using filter paper (Whatman No.5 diameter 110 mm). The filtered solutions were then added into 50 ml 

volumetric flask: deionized water was added to reach final volume of 50 ml.  Prior to use, every glassware was 

washed with deionized water and rinsed with 10% of HNO3.  All rinsed glassware was left to dry at room 

temperature before using. 

The samples were analyzed by using graphite furnace atomic absorption spectrophotometer Shimadzu 

(Model AA-7000 Corporation, Japan). The lower limit of detection of cadmium is 0.02 µg/kg and lead is 0.02 µg/kg  

1.4 Accuracy check 

To validate the analytical procedure, the Thailand reference material (TRM) - trace and essential elements 

in prawn (TRM-F- 4002) was obtained from National Institute of Metrology Thailand (NIMT) for validation of 

analytical procedure.  The results of cadmium and lead content in TRM are shown in table1.  The percentage 

recovery of known elements was 95-99% and the result of the observed values of Cd and Pb in TRM were 

acceptable in reference to the certified values.    
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1.5 Estimated daily intake 

The estimated daily intake (EDI) in this study was determined by the following equation:  

EDI   =      

 

Where C metal is the concentration of heavy metal in fish (µg/kg fresh weight) which use the convert factor 

of dry weight to wet weight based on Yang and Miyazaki [15]; W food is the average consumption rate of fish in 

Thailand and Bw is the average body weight of people in Thailand.  In this study, the rate of fish’s consumption is 

85 g/person/day (based on fresh weight) and body weight is 50 kg which based on Agusa et al [16].   

1.6 Target hazard quotient  

  In this study, target hazard quotient (THQ) was used to determine the health risks from consumption of 

fish.  The THQ was calculated following the USEPA [28] and Javed and Usmani [17] which was as follow:  

 

THQ =   

 

  

Where EFr is exposure frequency (365 days/year).  ED is the exposure duration (70 years).  FI is food 

ingestion rate which was 85 g/day/person [16].  MC is the concentrations of metal in fish (µg/g of fresh weight).  

RfD are the reference doses of cadmium (0.001 µg/g/day) [1] and lead (0.004 µg/g/day) [2]. BW was average body 

weight of Thai people which was 50 kg [16].  AT is the average time for expose to non-carcinogen substance (365 

days/year × number of exposure year which was 70 years).  THQ values less than 1 indicates adverse effect are 

unlikely for people exposed to these toxic substances. If the THQ values are close to 1 or higher than 1, there is risk 

that exposure may produce some adverse effects.  

1.7 Statistical analysis 

  Kruskal – Wallis test was used to test the differences between the concentrations of heavy metal in each 

sampling sites because the data in this study showed the non-parametric characteristics.  The test also was applied to 

test whether the concentrations of cadmium and lead differed among sampling site in each period.  Kruskal – Wallis 

test was performed by using R- program [18] and the test results were considered to be statistically significant at p < 0.05. 

 

RESULT 

1.8 The species of fish collected from markets  

The 12 families, 17 genus and 20 species of fish were collected from the open markets in 4 provinces of 

Thailand during wet and dry seasons.  The species of fish in family cyprinidae (carp) was  mostly found from all 

sample sites; other common fish included pangasiidae (shark catfish), bagridae (catfish), siluridae (sheatfish), 

notopteridae (featherback), cobitidae (loaches), metacembelidae (spiny eel), soleidae (soles), synbranchidae (swamp 

eel), channidae (snakehead), anabantidae (climbing gouramies), sisoridae (sisorid catfish)  and dasyatidae (fresh 

water stingray) as shown in table 2 and 3.  These fish can be classified in to 3 groups based on behaviors including, 

pelagic, bentho-pelagic and demersal [19] [20].   

C metal × W food 

           BW 

(1) 

EFr × ED × FI × MC 

  RfD × BW × AT 

× 0.001 
(2) 
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Table 1 

Cadmium and lead content in Thailand reference material (TRM) (mg/kg, average ± SD) 

Element Certified value Average value Recovery (%) 

Cd 2.05 ± 0.2 2.03 ± 0.003 99.02 

Pb 1.80 ± 0.1 1.72 ± 0.02 95.31 

 

Table 2 

The concentration of cadmium and lead (geometric mean n>1 and individual value n = 1) in edible portion of 

river fish during wet period 

Samp

le site 
Fish samples 

Number 

of sample 
Cadmium Lead 

 Common name Scientific name  mg/kg dry weight mg/kg dry weight 

NK Common silver barb B. gonionotus n = 1 nd 0.226 

 Soldier river barb C.  enoplos n = 3 0.03 (nd-0.03) 0.248 (0.223 – 0.290) 

 Apollo shark L. bleeker n = 1 0.205 0.234 

 Snail-eating catfish P. conchophilus n = 1 0.027 0.464 

 Iridescent mystus M. vittatus n = 1 nd 0.239 

 Long-nose loach A.-choirorhynchos n = 1 0.252 0.221 

 Peacock eel M. siamensis n = 2 0.167 (nd – 0.167) 0.299 (0.249 – 0.299) 

 Armed spiny eel M. armatus n = 1 0.128 0.288 

 Smallscale tongue sole C.  microlepis n = 1 0.069 0.373 

 Swamp eel M. albus n = 3 0.026 (0.023-0.034) 0.240 (0.237- 0.246) 

 Freshwater stingray D.  bleekeri n = 1 0.035 0.237 

 Giant Bagarius B. yarrell n = 1 nd 0.277 

CN Yellow catfish M.  nemurus n = 1 0.103 1.134 

 Whisker Sheatfish K.  bleekeri n = 1 0.612 0.304 

 Great white sheatfish W. attu n = 1 0.107 0.379 

 Giant Bagarius B. yarrelli n = 1 0.100 0.318 

SB Striped catfish P. hypopthalamus n = 1 0.748 0.298 

 Swamp eel M. albus n = 3 0.152 (0.144-0.161) 0.410 (0.360 – 0.452) 

 Whisker Sheatfish K.  bleekeri n=1 0.036 0.221 

 Shark catfish P. macronema n=1 0.032 0.227 

 Soldier river barb C. enoplos n=1 0.071 0.254 

AT Common Silver barb B. gonionotus n = 2 0.055 (0.05-0.06) 0.237 (0.224 – 0.237) 

 Soldier river barb C. enoplos n = 2 0.088 (0.06 -0.117) 0.235 (0.217 – 0.235) 

 Smith barb P. proctozystron n = 1 0.133 0.248 

 Siamese mud carp C. jullieni n = 1 0.100 0.312 

 Greater bony lipped barb O. melanopleura n = 1 0.192 0.211 

 Snake head fish C. striata n = 1 1.357 0.237 

The data in bracket represent the lowest – the highest value   

nd = “cannot detect” due to the level of cadmium in collected samples was under limit of detection  
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Table 3 

The concentration of cadmium and lead (geometric mean n>1 and individual value n = 1) in edible portion of 

river fish during dry period 

 

Sample 

site 

Fish samples 
Number of 

sample 
Cadmium Lead 

Common name Scientific name  mg/kg dry weight mg/kg dry weight 

NK Common silver barb B. gonionotus n = 2 0.149 (0.144 - 0.153) 0.227 (0.219 - 0.236) 

 Bronze featherback N.  notopterus n = 1 0.066 0.359 

 Smallscale tongue-sole C. microlepis n = 1 0.204 0.252 

 Giant Bagarius B. yarrelli n = 1 0.117 0.212 

CH Soldier river barb C.  enoplos n = 1 nd 0.216 

 Smallscale tongue-sole C.  microlepis n = 2 0.104 (0.020 -0.188) 0.229 (0.227 – 0.230) 

 Peacock eel M. siamensis n = 1 0.193 0.341 

 Armed spiny eel M. armatus n = 1 0.082 0.227 

SB Common silver barb B. gonionotus n = 2 nd (nd – nd) 0.222 (0.216 – 0.228) 

 Armed spiny eel M.  armatus n = 1 0.141 0.484 

 Snake head fish C. striata n = 1 nd 0.216 

 Swamp eel M. albus n = 3 nd (nd – nd) 0.242 (0.231 – 0.261) 

AT Common silver barb B. gonionotus n = 2 nd (nd – nd) 0.262 (0.216 – 0.301) 

 Soldier river barb C. enoplos n = 1 nd 0.248 

 Whisker sheatfish K. bleekeri n = 1 0.034 0.658 

 Spotted featherback N.  chitala n = 1 nd 0.219 

 Peacock eel M. siamensis n = 1 0.072 0.279 

 Snakehead fish C. striata n = 2 nd (nd – nd) 0.219 (0.213 – 0.223) 

 Swamp eel M. albus n = 2 0.073 (nd-0.073) 0.242 (0.217 – 0.268) 

The data in bracket represent the lowest – the highest value   

nd = “cannot detect” due to the level of cadmium in collected samples was under limit of detection  

 

1.9 Cadmium concentration in fish 

  The concentration of cadmium in edible portions of fish in this study varied based on sampling sites and 

species of fish as shown in table 2. The observed concentrations of cadmium in edible portions of collected fished 

from 4 market sites in 4 provinces ranged from lower than limit of detection (nd) – 1.357 mg/kg dry weight.  The 

lowest concentrations of cadmium were under the lowest limit of detection of the instrument.  Some of 

concentrations of cadmium in fish in this study were lower than limit of detection of the instrument in both sampling 

period.  However, within both period of sampling, the concentration of cadmium in C. striata from AT province 

during the wet season showed the highest concentration at 1.357 mg/kg dry weight. Observable concentrations of 

cadmium were also found in P. hypopthalamus (0.748 mg/kg dry weight) from SB province during wet period and 

K. bleekeri (0.612 mg/kg dry weight) from CN province during dry season respectively.   

In this study, some observed concentrations of cadmium were found in the bentho-pelagic fish such as C. 

striata, P. hypopthalamus, and O. melanopleura.  The observed cadmium concentration also found in demersal fish 
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such as M. armatus and A. choirorhynchos.  In the wet season, the bentho-pelagic and carnivorous fish that had the 

the observable concentrations of cadmium were from NK and SB province including, A. choirorhynchos (0.252 

mg/kg dry weight), L. bleeker (0.205 mg/kg dry weight), M. siamensis (0.167 mg/kg dry weight), M. albus (0.152 

mg/kg dry weight).  In the dry season, the observed cadmium concentrations were found in bentho-pelagic and 

demersal fish from NK and SB province including, C. microlepsis (0.204 mg/kg dry weight), B. gonionotus (0.149 

mg/kg dry weight) and M. armatus (0.141 mg/kg dry weight).  

The Kruskal –Wallis test showed the significant differences between cadmium concentrations in fish from 

different sampling site in wet (p < 0.05) and dry season (p < 0.05) as shown in table 4. During wet season, the 

median values of cadmium in fish from each sampling site decreased in the following order:  SB > AT> CN> NK.  

While the median values of cadmium in fish from each sampling site during dry season decreased in the following 

order:  NK >CN >SB >AT.   

Table4 

The Kruskal-Wallis test of cadmium and lead concentration (mg/kg dry weight) in fish among 4 provinces 

during wet and dry seasons of Thailand 

Province Statistical 

parameters 

Cd Pb 

wet season dry season wet season dry season 

NK median value 0.0273 0.1534 0.2387 0.2363 

CH median value 0.1053 0.0821 0.3488 0.2278 

SB median value 0.1437 0.0141 0.2976 0.2317 

AT median value 0.1087 0.0124 0.2360 0.2480 

 p value 0.033* 0.0074** 0.022* 0.9543 

 Chi-Square 10.589 12.002 14.144 0.3297 

 df 3 3 3 3 

* = significance different at p value < 0.05, ** = significance different at p value < 0.01 

1.10 Lead concentration in fish 

  The concentration of lead in edible portions of fish in this study varied among sampling sites and species of 

fish as shown in table 2. The observed concentrations of lead in edible portions of collected fished from 4 market 

sites in 4 provinces ranged from 0.211 – 1.134 mg/kg dry weight. The maximum concentration of lead in fish was 

found in bentho-pelagic fish: M. nemurus at 1.134 mg/kg dry weight from CN province during the dry season. 

Lesser concentrations of lead in fish were observed in K. bleekeri (0.658 mg/kg dry weight) from AT province 

during the dry season, M. armatus (0.484 mg/kg dry weight) from SB province during the dry season, P. 

chonchophilus (0.464 mg/kg dry weight) from NK province during the wet period and M. albus (0.410 mg/kg dry 

weight) from SB province during the wet season.   

  Some observable concentrations of lead were found in bentho-pelagic and demersal fish similar to the 

result of cadmium. During the wet period, at CN province, the observable concentrations of lead were found in 

demersal fish that are carnivorous fish including W. attu (0.379 mg/kg dry weight), B. yarrelli (0.318 mg/kg dry 

weight) and K. bleekeri (0.304 mg/kg dry weight) respectively. During the dry season, the observable concentrations 

of lead were found in N. notopterus (0.359 mg/kg dry weight) at NK province and M. siamensis (0.341 mg/kg dry 

weight) at CN province.   

The Kruskal –Wallis test showed the significant differences between lead concentrations in fish from 

differences sampling site in wet season (p < 0.05) whereas there was no significant differences in each sampling site 
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during dry season as shown in table 4.  During wet season, the median values of lead in fish from each sampling site 

decreased in the following order: CN >SB > AT >NK.  

1.11 Estimate daily intake and target hazard quotient of cadmium and lead 

  In this study, the EDI of cadmium via fish consumption was determined as already mentioned by using the 

equation (1).  We selected the concentrations of cadmium and lead from the fish species that contained highest 

concentration in each sampling site.  The results were shown in table 5 which provides the daily intake of the metal 

during wet and dry season.  The calculated EDI of cadmium varied between 0.011 – 0.573 µg/day.  The highest EDI 

of cadmium was 0.573 µg/day, resulting from consumption of C. striata at AT province during the wet season.  The 

Target hazard quotient or THQ values were calculated following the equation (2). All of THQ of cadmium were 

lower than 1 and the highest THQ derived from C. striata collecting from AT province during the wet season 

(0.573).  However, all of the calculated EDI values of cadmium did not exceed the maximum allowable guideline 

level of World health organization [21] which was 7 µg/kg B.W/week or 1 µg/kg B.W/day.  The calculated EDI 

values of lead ranged from 0.115 – 0.340 µg/BW/day as shown in table 6.  The highest EDI of lead was found from 

consumption of M. nemerus at CH province during wet season.  The THQ values of lead were under 1 and the 

highest value was 0.085 from consumption of M. nemerus at CH province during wet season.  

Table 5 

Estimate dietary intake (EDI) and Target hazard quotient (THQ) of Cd via consumption of selected fish from 

market 

 

Fish species Seasons EDI (µg/day) THQ 

NK province 

     A. choirorhynchos   wet 0.099 0.099 

     B.  gonionotus dry 0.072 0.072 

CH province 

     K.  bleekeri wet 0.136 0.136 

     M. siamensis dry 0.080 0.080 

SB province 

     P  hypopthalamus wet 0.219 0.219 

     M.  armatus dry 0.045 0.045 

AT province 

     C. striata wet 0.573 0.573 

      M. albus dry 0.011 0.011 
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Table 6 

Estimate dietary intake (EDI) and Target hazard quotient (THQ) of Pb via consumption of some selected fish 

from market 

Fish species Seasons EDI (µg/day) THQ 

NK province 

     N. notopterus wet 0.115 0.029 

     P. conchophilus dry 0.147 0.037 

CH province 

     M. nemurus wet 0.340 0.085 

     M. siamensis dry 0.140 0.035 

SB province 

     M. albus wet 0.114 0.029 

     M.  armatus dry 0.152 0.038 

AT province 

     C. jullieni wet 0.122 0.031 

     M.  bleekeri dry 0.179 0.045 

 

DISCUSSION 

  The concentrations of cadmium as mg/kg wet weight in some fish that exhibited the relative high 

concentrations, including C. striata ,  P. hypopthalamus, and K. bleekeri  were 0.34 mg/kg wet weight (moisture 

content was 75% and converse factor was 0.25), 0.13 mg/kg wet weight (moisture content was 83% and converse 

factor was 0.25) and 0.07 mg/kg wet weight (moisture content was 87% and converse factor was 0.13) respectively.  

These concentrations of cadmium were higher than the permissible limit concentration in fish that proposed by the 

European community (EU) (0.05 mg/kg wet weight) [22] and United States food and drug administration (USFDA) 

(0.01 – 0.21 mg/kg wet weight) [6].  The observable cadmium concentrations from these fish indicated the potential 

risk to human who consume these fish.  The concentrations of lead found in fish as mg/kg wet weight in this study 

did not exceed the concentration of EU (0.30 mg/kg wet weight). The highest concentration of lead that found in M. 

nemerus as wet weight was 0.200 mg/kg which was under the permissible limit level of EU.  The observed cadmium 

and lead concentrations in several fish species may have been from contaminated river water and sediment. Since, 

most of collected fish in this study were caught from Chao Phraya River, the content of cadmium and lead may have 

resulted from contaminated water and sediment in Chao Phraya River. A study of the concentrations of heavy metals 

in Chao Phraya River that was conducted by Wijaya et al [10] demonstrated that contamination of cadmium and 

lead in the river sediment and water column in Chao Phraya River occurred from anthropogenic activities, 

particularly the point sources from road site dust and fly ash.   

  The observed concentration of cadmium in this study was higher than the study conducted in Malaysia by 

Baharom and Ishak [6]. However, some studies reported the mean concentrations higher than this study including, 

Rahman et al [4] (mean 0.30 mg/ kg dry weight) and Islam et al [23] (mean 0.84 mg/ kg). The lead concentrations in 

fish in this present study were lower than some reports, including Rahman et al [4] (4.64 mg/ kg dry weight) and 

Islam et al [23] (0.74 mg/ kg dry weight). From several studies, it should be noted that the variation of heavy metals 

in fish can be attribute to the variation species of fish and the sampling area.  

  The content of cadmium and lead in fish in this study varied among species of fish which was similar to a 

study of Rahman et al [4] and Baharom and Ishak [6].  Rhaman et al [4] showed a significant difference of heavy 
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metal among fish species.  A study of Baharom and Ishak [6] indicated that the mean concentrations of heavy metals 

in fish tissues were different among species. This observation could be explained by the feeding behavior and their 

habitat characteristic of the fish species.  In this study, the presence of lead and cadmium content in bentho-pelagic 

such as snake head fish, striped catfish and demersal fish such as swamp eel, small scale tongue-sole and long-nose 

loach and yellow catfish was similar to a report of Boscher et al [24] which indicated that the species of fish such as 

stone loach that live most time near sediment could be directly expose to pollutants particularly heavy metals.  

Therefore, heavy metals can accumulate in demersal fish higher than the species that live in pelagic area of river.   

The feeding behavior of fish that associate with their habitats may influence the accumulation of heavy metals.  

Since the fish such as stone loach and swamp eel live in sediment area, their food should be captured from sediment 

and they may be expose to heavy metal by gill absorption and consumption of contaminated foods which 

consequently accumulate in kidney and muscle [25].  Cadmium and lead have high potential to accumulate from 

sediment into fish due to the fact that the bio-concentration factor of cadmium between sediment and fish are high 

[24], therefore, the accumulation of heavy metals in bentho-pelagic and demersal fish could be observed.   

In addition, the feeding habits of fish may influence the bio-concentration in fish. The observed high 

content of cadmium and lead in carnivorous fish such as C. striata., M. nemurus and K. bleekeri [19] may be due to 

the bio-magnification of heavy metal further up to the trophic level [26]. A report of Jabeen et al [26] showed the 

level of several heavy metals that were found in carnivore fish higher than in herbivore fish which indicated the bio-

magnification of heavy metals through the trophic level of the river ecosystem.   

The significant different of cadmium concentrations between sampling site during wet and dry period 

indicated the different concentrations of cadmium were attribute to the location where fish were caught.  The 

different of location where the fish were caught may have the different of water and sediment concentrations of 

heavy metal. Chao Phraya River differed among sampling sites, indicating the difference of anthropogenic input in 

each location. The sources of pollutions that contaminated to aquatic system come from 2 major point sources, 

including non-point sources (road run-off and street dust) and point sources (discharge from household and 

industrial waste water) [27]. Thus, the different of cadmium and lead concentrations in fish in this study among 

sampling sites may have been influenced by different human activities near Chao Phraya River.  Heavy metal 

pollution in river or water sources may be attributed to the use of several agricultural chemicals in the areas near 

Chao Phraya River. The selected provinces in this study including, Nakhon Sawan, Chainat, Sighaburee and 

Angthong are the areas that contain high amount of rice field.  The heavy metals polluted in river that surrounded by 

the rice fields may result from the leaching of fertilizer, pesticide, fungicide from the rice fields [3]. During wet 

season, the median values of cadmium concentrations in edible portion of fish were higher than dry season.  This 

result could be inferred that the location of sampling area in difference period may influence the concentrations of 

cadmium. Interestingly, during wet season, the median values of cadmium and lead at SB province higher than the 

other sampling areas suggesting the concentrations of metals in fish may associate to the location of the market. The 

SB provinces are the downstream area of Chao Phraya River, the polluted water in river may increase because of the 

downstream of Chao Phraya River surrounded by higher number of road site and big city when compared to the 

upstream area.  The more polluted of downstream area of Chao Phraya River may attribute to the high density of 

non-point sources and point-sources of pollutions.  A number of fish that were caught from downstream river may 

contaminate the higher concentrations of cadmium than upstream river.  However, the different result of cadmium 

concentration in fish was observed during dry season.  The lowest median concentration of cadmium was found in 

AT and SB province.  This may influence by the hydrological characteristic of water in Chao Phraya River during 

the dry season and the different human activities around the sampling area. The significant different concentrations 

of lead among sampling site were observed only in wet season.  The highest median value of lead was found in CH 

followed by SB province which was similar to result of cadmium in wet season.  This may reflect the problems of 



 
 
 
The 80th Anniversary of Suan Sunandha Rajabhat University  

“International Conference on Innovation, Smart Culture and Well-Being” (ICISW2018) 

8th November 2018, Suan Sunandha Rajabhat University, Bangkok, Thailand 

 
 
 

524 

 

activities surrounded CH and SB province.  There are several anthropogenic activities in SB province that could 

ascribe the bio-concentrated of heavy metal, including industrial estate, brick kiln activities and domestic waste 

water.  Another factor such as transportation, contaminated fish containers and the environment in the market may 

influence the accumulation of heavy metal in fish.     

  The EDI value was performed to obtain the data about human exposure.  Food ingestion is one of the 

important routes of cadmium and lead exposure.  Therefore, the EDI value should be applied in order to see whether 

the contaminated fish increased the health risk to people who consumed them.   The calculated EDI values in this 

study derived from selected fish that possessed highest concentrations of cadmium and lead in each sampling site 

were lower than permissible limit level that given by the WHO. It could be assumed that the concentration of 

cadmium and lead were safe for the consumption of these fish.  The target hazard quotient (THQ) is the model that 

has been proposed by the WHO in order to use for risk assessment.  The obtaining THQ values were lower than 1 

indicating the safe margin of consumption of fish.  However, if people consume more than one fish species, the risk 

may likely increase due to the fact that the sum of THQ values from each fish showed the higher level.  The THQ 

value that greater than 1 indicated the potential risk to have adverse health effect resulting from consumption of 

contaminated fish species.  Even though the obtained data in this study indicated the low health risk from 

consumption of fish, the monitoring of heavy metal contaminated in several food stuffs should be considered due to 

the fact that the accumulation of risk can occur by consumption of diverse contaminated foods.   

 

CONCLUSION 

 

  This present study revealed the contaminations of cadmium and lead in several fish species that were 

collected from open market near Chao Phraya River.  The concentrations of cadmium and lead in edible portion of 

fish varied among fish species and sampling sites.  The concentrations of cadmium as mg/kg wet weight that were 

higher than permissible level of EU were found in bentho-pelagic and demersal fish which were mostly are 

carnivorous fish.  

  Similarly, the observable concentrations of lead were found in bentho-pelagic and demersal fish which 

mostly are carnivorous fish.  However, the concentrations of lead in fish as mg/kg wet weight did not exceed the 

permissible level of EU and USFDA.  The different concentrations of heavy metal between sampling sites could be 

related to anthropogenic activities surrounded each sampling area. The concentrations of cadmium and lead in 20 

species of fish in both wet and dry seasons obtained in this study could be used as the data base for further 

monitoring the river fish. The obtained EDI and THQ values in this study were within safe level, suggesting the low 

risk for local people consuming contaminated fish.  However, the local inhabitants should avoid consumption of 

bentho-pelagic and demersal fish that are carnivorous fish for a long time due to the higher concentrations of 

cadmium and lead were observed.  The data from this study suggest that levels of cadmium and lead in fish should 

be monitored the regularly in order to sustain the healthy food sources for local inhabitants.   
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