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ACCUMULATION AND DISTRIBUTION OF HEAVY METALS IN BANANA PRAWN, 
Penaeus merguiensis (de Man, 1888) IN THE UPPER GULF OF THAILAND 
SATITA KANONGDECH 4536401 ENTM/M 
M.Sc. (TECHNOLOGY OF ENVIRONMENTAL MANAGEMENT) 
THESIS ADVISORS: ROACHANAKANAN R., Ph.D. (ECOLOGY, EVOLUTION AND  
SYSTEMATICS), NAIYANETR P., M.Sc. (ZOOLOGY) 

ABSTRACT 
The distribution of five heavy metals, i.e., Cd, Cr, Cu, Pb and Zn were determined from Penaeus 

merguiensis samples collected from ten provinces around the Eastern, Central and Western Upper Gulf 
of Thailand. Three marketable sizes of P. merguiensis samples were collected from ten fresh markets 
(one fresh market per province) every month in the rainy and cold seasons (June to November, 2004). 
The accumulations of heavy metals in the cephalothorax and abdomen of male and female prawns were 
investigated. The samples were digested in a microwave digestion system and analyzed by using Flame 
and Graphite Atomic Absorption Spectrometers. Statistical analysis was carried out with SPSS for 
Windows 11.5 and a reliability interval of 95 % (P<0.05) was set for data analysis. 

The highest overall average Cd, Cr, Cu, Pb and Zn concentrations of 0.02, 3.99, 1.41, 6.03 and 
0.07 mg/kg dry weight were found in P. merguiensis from Bangkok, Bangkok, Rayong, Chon Buri and 
Samut Sakhon, respectively. The highest heavy metal concentrations were found in the provinces with 
high industrial development. When comparing the overall average heavy metal concentrations of P. 
merguiensis amongst ten provinces, it was found that only the overall average Cd and Cr concentrations 
of the large size and the overall average Cd, Cr, Cu and Pb concentrations of the medium and small 
sizes were significantly different. For heavy metal concentrations in male and female P. merguiensis 
from ten provinces, the highest Cd, Cr, Pb and Zn concentrations of 0.04, 1.55, 0.07 and 4.44 mg/kg dry 
weight were found in female P. merguiensis from Phetchaburi, Trat, Samut Songkhram and Bangkok, 
respectively. Whereas, the highest Cu concentration of 4.82 mg/kg dry weight was found in male P. 
merguiensis from Phetchaburi. The results showed that female P. merguiensis accumulated higher 
heavy metal concentrations than male P. merguiensis. Results from previous studies in other shrimp 
species varied and there was no study on P. merguiensis available. When comparing heavy metal 
concentrations between male and female P. merguiensis from ten provinces, Cd, Cr, Pb and Zn 
concentrations of the large size in some provinces, Cu and Pb concentrations of the medium size in 
some provinces and Pb concentration of the small size in Chanthaburi were significantly different. For 
heavy metal concentrations in the cephalothorax and abdomen of P. merguiensis from fresh markets of 
ten provinces, the highest Cd, Cr, Cu, Pb and Zn concentrations of 0.07, 1.81, 11.49, 0.08 and 6.76 
mg/kg dry weight were found in cephalothoraxes from Phetchaburi, Trat, Chon Buri, Samut Sakhon and 
Bangkok, respectively. Similar to many previous studies, results suggest that heavy metal 
concentrations in the cephalothorax are higher than in the abdomen. When comparing heavy metal 
concentrations between the cephalothorax and abdomen of P. merguiensis from ten provinces; Cu and 
Zn concentrations of the large size, Zn concentrations of the medium size and Cd and Zn concentrations 
of the small size were significantly different in all provinces. For heavy metal concentrations of P. 
merguiensis from fresh markets of ten provinces in the rainy and cold seasons, the highest Cd and Zn 
concentrations of 0.04 and 4.20 mg/kg dry weight were found in P. merguiensis from Bangkok in the 
cold season. Whereas the highest Cr, Cu and Pb concentrations of 1.74, 6.02 and 0.07 mg/kg dry weight 
were found in P. merguiensis from Trat, Chon Buri and Samut Sakhon, respectively in the rainy season. 
The results also demonstrated that Cr, Pb concentrations were higher in the rainy seasons than in the 
cold season whereas Cd, Cu and Zn concentrations were higher in the cold season than in the rainy 
season. When comparing heavy metal concentrations of P. merguiensis between the rainy and cold 
seasons in ten provinces; Cd, Cr, Cu and Pb concentrations of the large size, all heavy metal 
concentrations of the medium size and Cd, Cr and Cu concentrations of the small size were significantly 
different in some provinces.  

Fortunately, it was concluded that the concentrations of five heavy metals in P. merguiensis were 
far below the permissible limits of the Office of the National Codex Alimentarius Committee and 
Ministry of Public Health. In conclusion, P. merguiensis from the Upper Gulf of Thailand were found to 
have safe levels of heavy metal concentrations for human health. 
KEY WORDS: BANANA PRAWN/ Penaeus merguiensis/ HEAVY METAL ACCUMULATION   

AND DISTRIBUTION/ THE UPPER GULF OF THAILAND 
129 P. ISBN: 974-04-6724-5 
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บทคัดยอ 
การแพรกระจายของโลหะหนัก 5 ชนิด ไดแก แคดเมียม โครเมียม ทองแดง ตะกั่ว และ สังกะสี ในตัวอยางกุงแชบวยที่เก็บจาก 

10 ตลาดสดของจังหวัดโดยรอบบริเวณอาวไทยตอนบน ซึ่งแบงพื้นที่ออกเปน 3 สวน ไดแก อาวไทยฝงตะวนัออก อาวไทยตอนใน 
(รูปตัว ก) และอาวไทยฝงตะวันตก โดยเก็บตัวอยางกุงแชบวย 3 ขนาดจากตลาดสด 1 ตลาดในแตละจังหวัดทุกๆเดือน ตั้งแตมิถุนายน
ถึงพฤศจิกายน 2546 (ครอบคลุมฤดูฝน และฤดูหนาว) เพื่อศึกษาการสะสมของโลหะหนักในสวนหัวและลําตัว ของเพศผูและเพศเมีย 
ตัวอยางกุงถูกยอยในระบบ Microwave Digestion และวิเคราะหปริมาณโลหะหนักดวยเคร่ือง Flame และ Graphite Atomic 
Absorption Spectrometer และวิเคราะหขอมูลโดยทดสอบนัยสําคัญทางสถิติของขอมูลโดยใชโปรแกรมสําเร็จรูป SPSS for Window 
11.5 ที่ระดับความเชื่อมั่น 95 % (P<0.05)  

คาเฉลีย่รวมสูงสุดของ แคดเมียม โครเมียม ทองแดง ตะกั่ว และสังกะสี ในกุงแชบวย มีคา 0.02, 3.99, 1.41, 6.03 และ0.07 
มิลลิกรัมตอกิโลกรัมน้ําหนักแหงซึ่งพบที่จังหวัด กรุงเทพฯ กรุงเทพฯ ระยอง ชลบุรี และสมุทรสาคร ตามลําดับ ซึ่งปริมาณโลหะหนัก
ที่สูงมักพบในจังหวัดที่มีการพัฒนาอุตสาหกรรมอยางมาก เมื่อทดสอบทางสถิติโดยใช ANOVA พบวา คาเฉลีย่รวมของแคดเมียมและ
โครเมียม ในกุงขนาดใหญ และคาเฉลีย่รวมของ แคดเมยีม โครเมียม ทองแดง และตะกั่ว ในกุงขนาดกลางและขนาดเล็ก แตกตางกัน
อยางมีนัยสําคัญทางสถิติ สําหรับปริมาณโลหะหนักระหวางกุงแชบวยเพศผูและเพศเมีย พบวา คาเฉลีย่รวมสูงสุดของแคดเมียม 
โครเมียม ตะกั่ว และสังกะสี มีคา 0.04, 1.55, 0.07 และ4.44 มิลลิกรัมตอกิโลกรัมน้ําหนักแหงซึ่งพบในเพศเมียที่จังหวัดเพชรบุรี ตราด 
สมุทรสงคราม และกรุงเทพฯ ขณะทีค่าสูงสุดของทองแดง มีคา 4.82 มิลลิกรัมตอกิโลกรัมน้ําหนักแหงพบในเพศผูที่จังหวัดเพชรบุรี 
ผลการศึกษาแสดงวาปริมาณการสะสมโลหะหนักในเพศเมียสูงกวาในเพศผู อยางไรก็ตามจากการศึกษาในอื่นๆ พบวา การสะสมใน
ทั้งสองเพศแตกตางกันขึ้นกับชนิดของกุง และยังไมเคยมกีารศึกษาในกุงแชบวยมากอน เมื่อเปรียบเทียบโลหะหนักระหวางเพศผูและ
เพศเมีย พบวาปริมาณของ แคดเมียม โครเมียม ตะกั่ว และ สังกะสี ในกุงขนาดใหญ ปริมาณทองแดงและตะกั่วในกุงขนาดกลาง และ
ปริมาณตะกั่วในกุงขนาดเล็ก แตกตางกันอยางมีนัยสําคัญ สําหรับปริมาณโลหะหนักในสวนหัวและสวนลําตัวของกุงแชบวย พบวา 
คาเฉลีย่รวมสูงสุดของแคดเมียม โครเมียม ทองแดง ตะกั่ว และสังกะสี มีคา 0.07, 1.81, 11.49, 0.08 และ6.76 มิลลิกรัมตอกิโลกรัม
น้ําหนักแหงซึ่งพบในสวนหัวที่จังหวัดเพชรบุรี ตราด ชลบุรี สมุทรสาคร และกรุงเทพฯ เชนเดียวกับการศึกษาอื่นๆ พบวา ปริมาณ
โลหะหนักมีการสะสมในสวนหัวมากกวาสวนลําตัว เมื่อเปรียบเทียบโลหะหนักระหวางสวนหัวและสวนลําตัว พบวา ปริมาณของ
ทองแดง และสังกะสีในกุงขนาดใหญ ปริมาณของสังกะสี ในกุงขนาดกลาง และปริมาณแคดเมียมและสงักะสีในกุงขนาดเลก็ 
แตกตางกันอยางมีนัยสําคัญทางสถิติในทุกจังหวัด สําหรับปริมาณโลหะหนักระหวางกุงแชบวยในฤดูฝนและหนาว พบวาคาสูงสุด
ของแคดเมียม และสังกะสี มีคา 0.04 และ4.20 มิลลิกรัมตอกิโลกรัมน้ําหนักแหง พบที่กรุงเทพฯในฤดูหนาว ขณะที่คาสูงสุดของ
โครเมียม ทองแดง และตะกั่ว มีคา 1.74, 6.02 และ0.07 มิลลิกรัมตอกิโลกรัมน้ําหนักแหง พบที่จังหวัดตราด ชลบุรี และสมุทรสาครใน
ฤดูฝน ผลการศึกษาแสดงวา ปริมาณโครเมียมและตะกั่วในฤดูฝนสูงกวาฤดูหนาว ขณะที่ปริมาณแคดเมียม ทองแดง และสังกะสี ใน
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ทองแดง และตะกั่วในกุงขนาดใหญ ปริมาณโลหะหนักทั้งหมดในกุงขนาดกลาง และปริมาณแคดเมียม โครเมียม และทองแดงในกุง
ขนาดเล็ก แตกตางกันอยางมีนัยสําคัญทางสถิติในบางจังหวัด  

สรุปปริมาณการสะสมโลหะหนักทั้ง 5 ชนิดในกุงแชบวยบริเวณอาวไทยตอนบนมคีาต่ํากวามาตรฐานของสํานักงาน
คณะกรรมการแหงชาติวาดวยมาตรฐานอาหารระหวางประเทศ และมาตรฐานที่กําหนดโดยกระทรวงสาธารณสุข แสดงวาปริมาณ
การปนเปอนของโลหะหนักในกุงแชบวยบริเวณอาวไทยตอนบนยังอยูในระดับที่ปลอดภัยตอผูบริโภค 
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CHAPTER I 

INTRODUCTION 

 
 

1.1 Statement of the problems 

 

Penaeus merguiensis, banana prawn, is one of the valuable economic 

invertebrates that supports commercial fisheries in the coastal area and estuaries of the 

Gulf of Thailand. Most Thais consume them because of low price and a large amount 

of banana prawns available for catch in the nature all year round. Moreover, they are 

very popular meat in many countries especially in Japan, USA and European countries 

(Yachiro and Songtaworntawee, 1995). P. merguiensis tends to be an inshore species, 

favouring the turbid waters that flow from estuaries. In some areas the size of the catch 

increases significantly after heavy rainfall. It is a scavenger searching for food at the 

bottom (on sediment) of water body. Its feeding habit can lead to direct uptaking of 

heavy metals from the sediments.  

The Gulf of Thailand is contaminated by pollution from human activities 

including industrial and agricultural activities. Among these problems, heavy metal 

contamination is of great importance. The characteristic of the Gulf of Thailand is 

surrounded with the four major estuaries; Chao Praya and Bang Pakong estuaries on 

the East, Tha Chin and Mae Klong estuaries on the West. These estuaries are the 

sedimentary areas where heavy metals are accumulated. Heavy metal contaminations 

in sediment were reported in high concentrations mainly in the Eastern Gulf of 

Thailand. At Chanthaburi River Mouth, Cd was reported at levels of 0.7 mg/kg, Pb of 

222.8 mg/kg at Laem Chabang Sea Port and Zn of 77.7 mg/kg at Chon Buri Bay 

(Pollution Control Department, 1999a; Sopon and Rungsupa, 2004). Also 

determination in coastal water showed high concentrations of Pb and Zn (52 and 114.3
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µg/l, respectively) in the cold season at Somboon Beach, Bang Saphan District, 

Prachuap Khiri Khan Province. These levels exceeded the Standard of Coastal Water 

Quality of Thailand. Whereas only Pb concentration (52 µg/l) exceeded the Standard 

in the rainy season.  

Heavy metals are by-products from many industrial and agricultural processes 

that can be contributed in various amounts of different metals discharged as wastes 

into freshwater and marine environments. They enter the marine environment through 

atmospheric and land-based effluent sources. These metals are concerned considerably 

as toxic. They are not only toxic in the form of condensed free elements but they are 

dangerous to living organisms in the form of cations as well with capacity to bind with 

short carbon chains. In these forms, they can be accumulated in marine organisms with 

more concentration along the food chain year after year (Kaewudom, 1989; Islam and 

Tanaka, 2004). The bioaccumulation of heavy metals in prawn from the polluted areas 

is a concern for both human health and ecosystem. 

The toxic heavy metals are non-biodegradable which can be accumulated in 

the tissues of living organisms. Heavy metal interferences are reported to increase in 

the permeability of cell membrane in phytoplankton and other marine algae, leading to 

the loss of intracellular constituents and therefore cellular integrity (Kayser, 1996). 

Dangerous situations are increasing which are efficiently enriched from one trophic 

level to another along the food chain. Thus, some level of exposure and absorption can 

be affected to consumers. For example, Itai-Itai disease is one of acute effect of Cd 

poisoning (Miettinen, 1973).  

Accumulation of heavy metal in living organisms depends on many factors. 

Wanpen (2000) reported eight heavy metals (Cd, Cu, Cr, Fe, Mn, Ni, Pb and Zn) were 

accumulated much higher in cephalothorax than in the abdomen of Penaeus monodon 

taken from outer part of the Songkhla lake. Paez-Osuna and Tron-Mayen (1996) 

studied wild and farmed  Penaeus vannamei and found higher Cu concentrations in the 

gills in males (281 and 329 µg/g) than in females (188 and 212 µg/g) and higher Cd 

concentrations in the hepatopancreas in males (1.02 µg/g) than in females (0.11 µg/g) 

of farmed prawn. Knowledge of the distribution of heavy metals in tissues is useful in 

order to identify a specific organ that may be particularly selective regarding 
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accumulation of heavy metals. The study of Wongwiwatanawute and Jiayaratana 

(2002) suggested heavy metal contents in the water in the rainy season were higher 

than in the dry season. 

The attempt was made to find out the distribution and accumulation of heavy 

metals i.e., Cu, Zn, Cr, Pb and Cd, that are considered as threats to both human health 

and ecosystem from P. merguiensis, one of the popular seafood meat. Also the 

accumulation of heavy metals in P. merguiensis may suggest that organisms could 

also be used as an effective long term bioindicator of heavy metal contamination in 

marine waters. 

1.2 Objectives of the study 

 
1.2.1 General objective 

To study the distribution and accumulation pattern of five heavy metals (i.e. Cd, 

Cr, Cu, Pb and Zn) in different body parts and sexes of three marketable sizes of P. 

merguiensis collected from fresh markets of ten provinces of the Upper Gulf of 

Thailand during the rainy and cold seasons. 

1.2.2 Specific objectives 

1) To compare the distribution pattern of five heavy metals in P. merguiensis 

in ten provinces of the Upper Gulf of Thailand and amongst the Eastern, Central and 

Western Gulf of Thailand. 

2) To compare the accumulation pattern of five heavy metals in male and 

female of P. merguiensis in three marketable sizes. 

 3) To compare the accumulation pattern of five heavy metals in cephalothorax 

and abdomen of P. merguiensis in three marketable sizes. 

 4) To compare the accumulation pattern of five heavy metals during the rainy 

and cold seasons. 
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1.3 Conceptual framework 

 
Figure 1.1 The conceptual framework in the study 
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1.4 Scope of the study 

 
1.4.1 P. merguiensis were taken from fresh markets in ten provinces of the 

Upper Gulf of Thailand.  

1.4.2 Heavy metals determined in the study were Cd, Cr, Cu, Pb and Zn. 

1.4.3 P. merguiensis were collected from June to November 2004. 

1.4.4 Three marketable sizes, male and female and two body parts of P. 

merguiensis samples were determined for five heavy metal concentrations. 

 

1.5 Operational definitions 
 

 1.5.1 Heavy metal concentration is the amount of metal determined in P. 

merguiensis. 

 1.5.2 Accumulation is the heavy metal concentration determined in three 

marketable sizes of male and female and body parts of P. merguiensis. 

 1.5.3 Distribution is the heavy metal concentration determined in three 

marketable sizes of P. merguiensis collected from fresh markets during June and 

November 2004. 

 1.5.4 The Upper Gulf of Thailand covers ten provinces and is divided into 

three areas as follows: 

  -the Western Gulf of Thailand includes two provinces of Phetchaburi 

and Prachuap Khiri Khan. 

  -the Central Gulf of Thailand includes four provinces of Bangkok, 

Samut Prakan, Samut Sakhon and Samut Songkhram. 

  -the Eastern Gulf of Thailand includes four provinces of Chanthaburi, 

Chon Buri, Rayong and Trat. 

 1.5.5 Marketable size of P. merguiensis can be divided into three sizes 

according as used in fresh markets in the Upper Gulf of Thailand. The three sizes are 

as follows: 
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  -small size representing the total length of 7.0-11.9 cm, 

  -medium size representing the total length of 12.0-14.9 cm, 

  -large size representing the total length of 15.0-20.0 cm. 
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CHAPTER II 

LITERATURE REVIEW  

 

 

2.1 Biology and ecology of Banana prawn, Penaeus merguiensis de 

Man, 1888 

 

 2.1.1 Taxonomy of Banana prawn 

The banana prawn is scientifically known as Penaeus merguiensis de Man, 1888. 

Its classification is as follows: 

Phylum     Arthropoda 

    Class          Crustacea 

         Subclass      Malacostraca 

              Order  Decapoda 

                   Suborder      Natantia 

                        Family  Penaeidae 

     Subfamily      Penaeinae 

                                  Genus           Penaeus 

               Species           Penaeus merguiensis 

 FAO name (Chan, 1998): Banana prawn 

Thai name (Chan, 1998): กุงแชบวย - Kung chaebauy  
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2.1.2 Morphology (Chan, 1998) 

The external feature is showed in Figures 2.1 and 2.2. 

 

 

Figure 2.1 Black and white drawing of P. merguiensis de Man, 1888 

Source: Hall, 1962  

 

Figure 2.2 External features of P. merguiensis de Man, 1888 (Photograph taken 

in August 2005) 
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Diagnostic characters: 

Carapace rather smooth lacking gastrofrontal and hepatic crests; adrostral crest 

extending to, or just before, epigastric tooth; tip of rostrum horizontally straight, and 

rostral crest becoming very high and broadly triangular in large specimens (even 

stronger in females), generally bearing 6 to 9 upper teeth (including those on carapace) 

and mostly 3 to 5 lower teeth; postrostal crest extending near to posterior margin of 

carapace; gastroorbital crest varying from distince to nearly absent (in some specimens 

from the Philippines to Australia), extending over middle third to posterior 2/3 of the 

distance between the hepatic spine and orbital margin. In adult males, third maxilliped 

with distal segment only about half as long as second segment which bears a tulf of 

dense short hairs (slightly shorter than distal segment) at tip. Petasma of males with 

distomedian projections is short and not reaching distal margin of costae. Thelycum of 

females is formed by 2 semi-circular lateral plates, with their median margins forming 

tumid lips; anterior process slightly rounded and concave, which is obscured by hairs; 

posterior process elongated and inserted between anterior parts of lateral plates. It is 

lacked of lateral spines in telson, petasma and thelycum of P. merguiensis were 

showed in Figures 2.3 and 2.4. 

Colour: 

Body semi-translucent, somewhat yellowish (in young and moderate-sized 

specimens) to greenish (in very large specimens) and covered with numerous minute 

dark brown dots; eyes light brown and covered with some dark brown mesh-like 

stripes; rostral and abdominal dorsal crests reddish brown to dark brown; antennal 

flagella reddish brown; antennular flagella of same color as body and covered with 

many dark spots; legs translucent and somewhat whitish; pleopods pinkish to reddish; 

distal part of uropods yellowish green with red margins; young specimens often with 

many longitudinal black broken lines on abdomen. 
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Thelycum            Petasma 
 

Figure 2.3 Black and white drawing of petasma and thelycum of P. merguiensis 

Unit = cm 

Source: Hall, 1962 

 
  

 

Figure 2.4 Thelycum (left) and petasma (right) of P. merguiensis (Photographs taken 

in August 2005) 
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2.1.3 Habitat, biology and fisheries (Chan, 1998) 

P. merguiensis is found on the bottoms of sand and mud, from the coastline and 

river mouths to depths of about 55 m, usually less than 20 m; prefers turbid waters. 

Sometimes it forms very dense shoals and good catches are often linked with heavy 

rainfall. It is one of the most economically important prawn species in the Western 

Central Pacific area. From 1990 to 1995, the reported annual catch of P. merguiensis 

in the Western Central Pacific ranged from 44,303 to 52,087 tons. About 4/5 of this 

production originate in Indonesia. P. merguiensis can be caught by trawls, fish corrals, 

pocket netting, beach seining, cast nets, and artisanal gear. Also it plays an important 

role in pond culture in Thailand (1,814 tons in 1995). Department of Fisheries (2003) 

reported the production of whole marine fishery and coastal aquaculture including P. 

merguiensis has been increasing during 1996 to 2000 with the volume of production as 

15,500, 14,400, 15,100, 15,600, 18,600 tons, respectively. 

2.1.4 Size (Holthuis, 1980) 

The maximum total length of P. merguiensis, from rostrum to telson is about 240 

mm. 

2.1.5 Distribution (Naiyanetr, 1998) 

Gulf of Thailand, Chachoengsao, Samut Sakhon, Samut Songkhram, Chon Buri, 

Rayong, Chanthaburi, Trat, Phetchaburi, Prachuap Khiri Khan, Chumphon, Surat 

Thani, Nakhon Si Thammarat, Narathiwat, Chumphon, Trang, Ranong Phuket, 

Phangnga, Krabi, Satun, Andaman Sea. 

 

2.2 Heavy metals 

 
2.2.1 Characteristic of heavy metals 

The term “heavy metal” is commonly referred to the metal of which density is 

greater than a certain value of usually 5 or 6 g cm-3. It is different from alkali and 

alkaline earth group. Atomic numbers of heavy metal are in the row of 4th to 7th in 

element periodic table as 23 to 92 (Panitchasakpattana, 1997). 
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Forms of heavy metals in the environment are as follows. 

1. Dissolved metals: Those constituents (metals) of an unacidified sample that 

pass through a 0.45 µm membrane filter. 

2. Suspended metals: Those constituents (metals) of an unacidified sample that 

are retained by a 0.45 µm membrane filter. 

3. Total metals: The concentration of metals determined on an unfiltered sample 

after vigorous digestion, or the sum of the concentrations of metals in both dissolved 

and suspended fractions. 

4. Acid-extractable metals: The concentration of metals in solution after 

treatment of an unfiltered sample with hot dilute mineral acid.  

Although it is only a loosely defined term it is widely recognized and usually 

apply to the elements such as Cadmium (Cd), Lead (Pb), Zinc (Zn), Copper (Cu), and 

Chromium (Cr) which are commonly associated with pollution and toxicity problem 

metals. 

2.2.2 Heavy metals in this study 

Heavy metals in the study are Cd, Cu, Pb, Zn and Cr. These heavy metals are 

naturally present in sea water. However, these metals are also found as contaminant in 

wastewater from industry, agriculture and community. 

1) Cadmium (Cd) 

1.1) Availability of cadmium (World Health Organization, 1977a) 

Cadmium is available in many forms including foil, granules, pellets, sheet, 

powder, rod, shot, sticks, wire and "mossy Cd". Cd is white–bluish, malleable, lustrous 

and ductile metal and soft. It is easily cut with a knife. Interestingly, a characteristic 

Cd "scream" is heard on bending a Cd bar. Cd can be oxidized in moist air at room 

temperature. At high temperature, the oxidation is more rapid and producing a 

brownish Cd oxide fume (CdO). Cadmium and its compounds are highly toxic.  

1.2) Uses of cadmium (Bunsong, 2003) 

Cadmium is primary used in electroplating. The pattern of Cd consumption has 

changed in recent years with significant decreases in electroplating and increases in 
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batteries (Ni-Cd dry cell batteries) and specialized electronic uses. Cd is used in some 

control rods and shields within nuclear reactors. Cd is used in black and white 

television phosphors and in blue and green phosphors for color TV tubes. In addition, 

Cd is also used in pigment in coloring glass, elastics, textiles, paper and rubber, 

printing inks, ceramic glaze and fire work. Moreover, Cd is one of the component in 

agricultural material i.e. impurity in fertilizer (such as Cd and U in phosphatic 

fertilizer), compost and manure (Alloway, 1993). 

1.3) Biological role of cadmium (Chang, 1996) 

Cadmium is a highly toxic non-essential metal and has no advantage to human 

but it might be a necessary element in very small quantities in rats. Once absorbed by 

the body, Cd tends to be concentrated in the liver and kidney on a low molecular 

weight protein called thionein. This protein contains large numbers of sulfurhydryl 

group, which attract Cd as well as other heavy metals. 

1.4) Cadmium toxicology (Nomiyama, 1973; Harrison, 1990; Manahan, 1993; 

World Health Organization, 1977a).  

Cadmium is the one of the most dangerous elements to human health. The 

effects of acute Cd poisoning in human are very serious. The most serious effects of 

Cd poisoning usually involve damage to the kidney, liver, lung and bone. The toxic 

action of Cd seems to involve the replacements of Zn in certain enzymes. Liver and 

kidney that contain too much Cd will not function properly because their structures 

have been damaged and as a consequence of this, protein urea will be produced. Apart 

from this, Cd also affects many systems within the body, such as digestive tract, 

reproductive system, and nervous system. The placenta is also damaged by Cd and this 

will later induce abnormalities within the infant. Furthermore, bone and spinal cord are 

also impaired by Cd. Environmental exposure to Cd was the case of a disease first 

reported in 1955 in Japan. It was called Itai-Itai disease meaning it hurts, due to the 

pain caused by the deformed bones. 
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2) Lead (Pb) 

2.1) Availability of lead (World Health Organization, 1977b; Davies, 1994) 

Lead is a malleable metal. It is very soft and tends to creep or flow under 

sustained pressure; it is therefore readily cut and shaped and has long been on roots or 

as pipes. Pb is a bluish-white, and a corrosion resistant material. 

2.2) Uses of lead (Winter, 2003) 

The major sources of Pb in the environment arise from the industrial and other 

technological use of Pb such as the production of Pb-acid storage batteries. Pb dioxide 

(PbO2) is used in lead-acid storage batteries. The alloy of Pb with tin and antimony is 

a material used in printing presses and plates. Lead is also used as covering on some 

wire and cables to protect them from corrosion, as material to absorb vibrations and 

sounds and in the manufacture of ammunition. Lead monoxide (PbO) is used to make 

Pb crystal and flint glass, in the vulcanizing of rubber and as a paint pigment.  

2.3) Biological role of lead (World Health Organization, 1977b) 

Lead is a biological nonessential element and generally metabolic poison. When 

absorbed by the body, lead tends to be accumulated in the bone marrow, where red 

blood cell formation occurs. Lead is also responsible for destroying the nervous 

system because it slows down the sensory neurons thus paralyzing hands, feet, and 

other muscles. Organic compounds lead can dissolve easily into organs that contain a 

high amount of fats, such as the brain, thus the cells of the nervous system are 

destroyed. Furthermore lead also harms the filtering unit of the kidneys, which causes 

the lymph gland to function improperly. 

2.4) Lead toxicology (Harrison, 1990; Manahan, 1993; World Health 

Organization, 1977b). 

From a mass balancing point of view, the transport and distribution of lead from 

stationary or mobile sources are mainly via air. Although large amounts are probably 

also discharged into soil and natural water systems. The effect of Pb poisoning is 

thought to have caused mental retardation in many children. Mild Pb poisoning caused 

anemia. On the other hand, it is indicated that the expected effects on animals such as 

fish would be changed in behavior, disruption of hematological metabolism and 
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inhibition of certain enzymes. There may be a strong correlation with calcium 

metabolism. This metal is implicated in causing liver damage, central nervous system 

and metabolism unusual on human. The victim may have headache and sore muscles 

and may feel irritable.  

3) Zinc (Zn) 

3.1) Availability of zinc (Winter, 2003) 

Zinc is available in many forms including dust, foil, granules, powder, pieces, 

nano size activated powder, shot, and a mossy form. Zn is a bluish-white, lustrous 

metal. 

3.2) Uses of zinc (Winter, 2003) 

Zinc is widely used in the production of alloys and in galvanization to protect 

steel structures. Zn metal is used for dry batteries, roof cladding, and to protect iron 

structures from corrosion by attaching zinc as sacrifical anodes. Zn metal is also used 

in lightweight coins. The most important zinc compound is Zn oxide used in ceramic, 

ink production, used in the manufacture of paints, rubber products, cosmetics, 

pharmaceuticals, floor coverings, plastics, soap, textiles, electrical equipment, and 

other products. It is also used in ointments. Zn sulfate is used in textile industry and 

the treatment of Zn deficiency in soil. Zn chloride is used to preserve wood and as 

deodorant in several fluids. 

3.3) Biological role of zinc (Winter, 2003) 

Zinc is an essential element for human, animal and certain type of plant. Zn is 

the main components of various enzymes. Zn is also necessary for an immune system, 

cell division, and synthesis of protein and collagen which is great for wound healing 

and healthy skin. Zn is not particularly toxic and is an essential element in the growth 

of all animals and plants. Zn-deficient animals require 50% more food to gain the 

same weight of an animal supplied with adequate amounts of Zn. 
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3.4) Zinc toxicology (Poirier and Littlefield, 1996) 

Zinc can cause stomach cramps, nausea and vomiting. For long periods, it can 

cause anemia, pancreas damage and lower levels of high density lipoprotein 

cholesterol.  

4) Copper (Cu) 

4.1) Availability of copper (Winter, 2003) 

In compounds found in the environment it usually has a valence of 2 but excite 

in metallic, +1 and +3 valence states. Cu is found naturally in a wind variety of 

mineral salts and organic compounds, and in the metallic form. The metal is sparingly 

solution in water, salt or mildly acidity solutions, but can be dissolved in nitric and 

sulfuric acids as well as basic solutions of ammonium hydroxide or carbonate. 

4.2) Uses of copper (Winter, 2003) 

Copper is reddish-brown colored, a bright metallic luster, malleable, ductile and 

holds good conductivity of heat and electricity. Pure Cu is extensively used for 

electrical current, electrical contracts, cables and wires and electroplating and alloys, 

panels for absorbing solar energy, and automobile radiation. It is widely used in many 

forms. Cu sulfate (CuSO4.5H2O) has the greatest amount of uses in agriculture, animal 

husbandry, steel making, treatment of natural asphalt and petroleum industry. Copper 

oxide (CuO) has many uses in catalyst, batteries, desulfurizing oils, paints, insecticides 

and ceramic colorant. Copper acetate (Cu(C2H3O2)2.H2O) is used in pigment, 

insecticides, fungicides, mordant and mildew preventive. Copper carbonate 

(CuCO3.Cu(OH)2) is used in pigments pyrotechnics, insecticides, fungicides and brass 

coloring. Copper chloride (CuCl2) is used as a disinfectant, in metallurgy, preservation 

of wood pulp, deodorizing and desulfurizing petroleum distillates, photography and 

water purification. 

4.3) Biological role of copper (Winter, 2003) 

Copper is required in the formation of hemoglobin, red blood cell, and elastin, as 

well as collagen. It has an important role in oxidative enzyme system. Cu deficiencies 

in body may led to increase fat levels, anemia, osteoporosis, thinning of bones, thyroid 

gland dysfunction, defection in collagen and elastin synthesis and heart diseases. 
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4.4) Copper toxicology (Poirier and Littlefield, 1996) 

Copper is an oligoelement essential for the good function of the constitution of 

living organisms. In particular, Cu is essential for human beings and animals that have 

to absorb several milligrams of it per day to form hemoglobin. The Cu quantities in 

living organisms vary from 1 to 10 mg/day. The lack of Cu, rarely diagnosed in man, 

provokes anaemia, nervous and depigmentation problems. Even though, Cu is an 

essential trace element in biological function but at high concentration Cu can cause of 

chronic effects in unusual genetic patients, such as Wilson’s disease. The symptom of 

this disease is higher than normal quantity of Cu is accumulated in the liver. Acute 

poisoning resulting from ingestion of excessive amounts of Cu salt can lead to nausea, 

vomiting, stomachache and diarrhea and may produce death. 

5) Chromium (Cr) 

5.1) Availability of chromium (Chang, 1996) 

Pure Cr metal has a bluish-white color, reflects light well and takes a high polish. 

Cr can occur in various oxidation stages ranging from -2 to +6 but the most of which 

contain Cr in the stable trivalent state (Cr III) or hexavalent state (Cr VI) in the natural 

system. Chemical characteristic and toxicity of Cr are very different, depending on 

oxidation state. 

5.2) Uses of chromium (Winter, 2003 and Waldron, 1980) 

Chromium metal is produced either by the chemical reduction of Cr compounds 

or electrolytic alloy. Cr is used extensively for alloying with iron, nickel, cobalt, 

titanium and other metals for corrosion inhibition, hardness, strength and decorative 

properties. The principal uses of Cr are in the metallurgical processing of 

ferrochromium and other metallurgical products, chiefly stainless steel and to a much 

lesser extent in the refractory processing of chrome bricks and chemical processing to 

make chromic acid and chromate. Inorganic Cr compounds which are used 

commercially have two forms; 

- The +3 states (Cr2O3 and Cr2 (SO4)3) are used as paint pigment as catalysts as 

drilling mud and in photochemical reactions. They are also present as trace in cement. 

The +3 states are used as alloys and in tanning industry. 
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- The +6 states are used in the manufacture of important inorganic pigment. Cr 

compounds of Pb, Zn and Ba are called chrome pigments and are used in pigment 

industry. 

5.3) Biological role of chromium (Chang, 1996) 

Chromium is an essential trace element for life. It forms part of the 

antidiabetogenic factor, which is essential in the metabolism of insulin. Most of Cr 

combine with protein and hemoglobin in plasma and are collected in liver, fat, kidney 

and bone. Inhalation of Cr dust which is insoluble in water is collected in the lung. 

5.4) Chromium toxicology (Juengprasert and Soonthorntum, 1999; Parreggiani,  

1983) 

The deficiency in human leads to impaired glucose tolerance and weight loss. 

Hexavalent compounds are more toxic than trivalent compounds in human. Acute 

expose to hexavalent compounds such as chromates produces nausea, vomiting, 

diarrhea, liver and kidney damage, internal hemorrhage, dermatitis and respiratory 

problems. When very large amounts of chromates are ingested, death may soon result 

from blood loss into the gastrointestinal tract and at other sites causing cardiovascular 

shock (Sriboonlue, 1996). 

In the serious case, the cancers in respiratory organs, such as lung cancer, are 

induced. In addition, systemic Cr exposure leads principally to kidney and liver 

damage in human. 

 

2.3 The Gulf of Thailand 

 
Thailand is located in the tropical zone between latitudes 6 to 21 °N and 

longitudes 98 to 106 °E. The rainy season generally occurs from April to November, 

with monthly rainfall in southern Thailand increasing from 36 mm in the driest month 

of January to 328 mm in the wettest month of September (Funge-Smith, 1997). The 

total area of the Gulf of Thailand is 33,858.76 km2 (Wikipedia, 2005), bounded in the 

North, West, and East by mountain ranges and in the South by the South China Sea 
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and the Andaman Sea. The coastline length of the Gulf of Thailand, the Eastern Gulf 

of Thailand and the Western Gulf of Thailand is approximately 1,840, 544 and 1,296 

km, respectively (Hydrographic Department, 2005). The average depth of the Gulf of 

Thailand is 45 m (Wikipedia, 2005). There are five major rivers, four of which flow 

through the densely populated areas of the Central Plain and drain into the Upper Gulf 

of Thailand. These are the Chao Praya River including the Tha Chin River, the Mae 

Klong River and the Bang Pakong River. The last major river, the Tapi River drains 

into Ban Don Bay, Surat Thani Province in the South (Wikipedia, 2005; Funge-Smith, 

1997). Coastal zone of the Gulf of Thailand is divided into three parts which are the 

Eastern, the Central and the Western Gulf of Thailand (Pollution Control Department, 

1999).  

2.3.1 The Eastern Gulf of Thailand 

The Eastern Gulf of Thailand covers four provinces: Chanthaburi, Chonburi, 

Rayong, and Trat with a total area of 10,670,000 rais. The area has been developed for 

industry and tourism. Two important industrial estates are Laem Chabang Industrial 

Estrate in Chon Buri (3,556 rais) and Maptaput Industrial Estate in Rayong (8,000 

rais). There are many famous beaches which attract the tourists such as Pattaya Beach, 

Bang Saen Beach in Chon Buri and Sai Kaew Beach, Samet Island in Rayong. Apart 

from those activities, the coastal area is covered with 81,548 rais of mangrove forest 

and prawn farms (Pollution Control Department, 1999a). 

2.3.2 The Central Gulf of Thailand 

The Central Gulf of Thailand covers four provinces of Chachoengsao, Samut 

Prakan, Samut Sakhon and Samut Songkhram with a total area of 4,774,592 rais. The 

major activities affecting coastal water quality in the area are industry, coastal 

aquaculture mainly prawn farms and community. Mangrove forest remnant can be 

found with the area of 22,442 rais (Pollution Control Department, 1999a). 

2.3.3 The Western Gulf of Thailand 

The Western Gulf of Thailand covers nine provinces which are Phetchaburi, 

Prachuap Khiri Khan, Chumporn, Nakorn Si Thammarat, Patthalung, Songkhla, 

Pattani and Narathiwat with total area of 36,668,678 rais. The major activities 
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affecting coastal water quality are coastal aquaculture including prawn farms and 

community. Mangrove forest can be found with the area of 95,849 rais (Pollution 

Control Department, 1999a). 

 

2.4 Accumulation and distribution of heavy metals in coastal and 

marine waters and sediments 

 

2.4.1 The Eastern Gulf of Thailand 

Pollution Control Department (1999a) reported heavy metal concentrations in 

coastal water of the Eastern Gulf of Thailand as follows: Pb as non detectable (ND) in 

the cold season and ND to 21µg/l in the rainy season, Cu as 3.0 to 7.3 µg/l in the cold 

season and 0.5 to 9.5 µg/l in the rainy season and Zn as 11.5 to 37.5 µg/l in the cold 

season and 5.5 to 28.8 µg/l in the rainy season. The distribution of some heavy metals 

(Cd, Cu, Pb, and Zn) along the Eastern coast of Thailand from Bang Pakong River 

Mouth to Trat River Mouth showed the range of heavy metal concentrations were as 

follows; Cd (<0.001 to 0.104 µg/l), Cu (0.16 to 1.68 µg/l), Pb (0.02 to 0.65 µg/l) and 

Zn (0.16 to 6.81 µg/l). The concentrations found were still lower than the Coastal 

Water Quality Standards of Thailand (Musika et al., 2003).  

Types of marine sediment are found in order as silty clay, silty sand, clayey sand 

and silty coarse sand. Silty clay is the major component found at the Chanthaburi 

River Mouth and the Trat River Mouth. Whereas silty sand is found at the Rayong 

River Mouth, clayey sand at the Chanthaburi River Mouth and silty coarse sand at the 

Rayong River Mouth (Pollution Control Department, 1999a). In relation with the 

sediment characteristic, Pollution Control Department (1999a) reported total Cr in 

high concentration associated with clayey sand sediment, Cd and Pb with silty sand 

sediment and Zn with silty clay sediment (Table 2.1). 
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Table 2.1 Heavy metal concentrations in sediments of the Eastern Gulf of Thailand 

Parameters Minimum (mg/kg)  Maximum (mg/kg) Average (mg/kg) 
Cd ND 0.7 0.3

Total Cr ND 51.1 19.8
Cu ND 27.4 10.8
Pb 5.4 222.8 31.3
Zn 3.1 77.7 22.6

ND = Non detectable 

Source: Pollution Control Department, 1999a 

 

2.4.2 The Central Gulf of Thailand 

Pollution Control Department (1999a) reported heavy metal concentrations in 

coastal water of the Central Gulf of Thailand as follows: Pb as ND in the cold season 

and ND to 14 µg/l in the rainy season, Cu as 2.5 to 6.03 µg/l in the cold season and 1.0 

to 15.8 µg/l in the rainy season and Zn as 7.5 to 31.0 µg/l in the cold season and 11.0 

to 52.0 µg/l in the rainy season. 

Types of marine sediment are found in order as silty clay, silty sand, clayey sand 

and silty coarse sand. Silty clay is the major component found at; Ao Chon Buri, Mae 

Klong River Mouth, Tha Chin River Mouth and Chao Praya River Mouth. Whereas, 

silty sand is found at Leam Cha Bang Deepsea Port, Sattahip Seaport and Chong 

Samaesarn of Chon Buri. In addition, clayey sand is found at Chong Samaesarn in 

Chon Buri and Tha Chin River Mouth and silty coarse sand is found at Na Keon and 

Jom Thein Beach in Chon Buri (Pollution Control Department, 1999a). 

Pollution Control Department (1999a) reported high concentration of Pb in silty 

sand sediment. Whereas, Cd, total Cr, Cu and Zn were found in silty clay sediment 

(Table 2.2). 

Table 2.2 Heavy metal concentrations in sediments of the Central Gulf of Thailand 

Parameters Minimum (mg/kg)  Maximum (mg/kg) Average (mg/kg) 
Cd ND 0.5 0.4

Total Cr 18.8 57.6 38.9
Cu 1.4 33.5 17.2
Pb 14.7 36.9 28.2
Zn 26.0 75.4 53.8

ND = Non detectable 

Source: Pollution Control Department, 1999a 
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2.4.3 The Western Gulf of Thailand 

The ranges of heavy metal concentrations in coastal water were as follows; Pb as 

ND to 6.0 in the cold season and ND to 14 µg/l in the rainy season, Cu as 6.0 to 10.0 

µg/l in the cold season and 5.8 to 12.3 µg/l in the rainy season and Zn as16.0 to 23.3 

µg/l in the cold season and 65.5 to 166.0 µg/l in the rainy season (Pollution Control 

Department, 1999a). 

The major marine sediment found at Ban Leam in Phetchaburi, Sam Praya and 

Klong Bang Val in Prachuap Khiri Khan is silty clay. Whereas coarse sand, silty sand 

and clayey sand can also be found at the Western Gulf of Thailand (Pollution Control 

Department, 1999a). 

Pollution Control Department (1999a) reported high concentration of Cd in 

clayey sand sediment and total Cr in silty sand sediment. Whereas, Pb, Cu and Zn 

were found in silty clay sediment (Table 2.3). 

 

Table 2.3 Heavy metal concentrations in sediments of the Western Gulf of Thailand 

Parameters Minimum (mg/kg)  Maximum (mg/kg) Average (mg/kg) 
Cd ND 0.9 0.4

Total Cr ND 40.5 18.6
Cu ND 28.8 10.1
Pb ND 86.7 20.2
Zn 3.7 80.9 23.2

ND = Non detectable 

Source: Pollution Control Department, 1999a 

 

2.5 Related research 

 
Paez-Osuna and Ruiz-Fernandez (1995) studied concentrations of trace metals 

(Cd, Co, Cr, Cu. Fe, Mn, Ni, and Zn). These were measured in estuarine postlarvae, 

juveniles and marine adults of the shrimp Penaeus vannamei collected along the 

pacific coast of Mexico. With the exception of Fe, the trace-metal concentrations fell 

within the ranges of similar organisms collected elsewhere. Size dependent 

relationships were observed only for Ni, Fe and Zn and varied depending on the 

element considered. The 7 to 8 cm groups showed an elevated level of Cr (6.2 µg.g-1). 
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Manganese concentrations found in this study ranged between 1.8 and 14.2 µg.g-1. 

Small individuals had higher concentrations of Fe and Ni than large individuals. For 

Zn, the opposite tendency occurred. This may reflect different metabolic requirements 

of young and old prawns. 

Paez-Osuna and Tron-Mayen (1996) studied the concentration and distribution 

of Cd, Cu, Fe, Mn, Ni and Zn amongst the tissues of wild and farmed shrimp Penaeus 

vannamei from the North-West coast of Mexico. Cu, Fe and Zn were the most 

abundant elements in the different biological materials analyzed; Mn and Ni showed 

variation depending on the tissues; whereas Cd was the least abundant element 

detected; Pb was consistently below the limit of analytical detection (0.6 µg.g-1) for all 

the tissues. The highest concentration of Cu in P. vannamei was found in gills and 

antennal organs, in both wild and farmed shrimp, the gills in male (281 and 329 µg.g-

1), consistently had higher concentrations than in female (188 and 212µg.g-1). 

Hepatopancreas had intermediate levels (38.0 and 62.5 µg.g-1 in female and male, 

respectively) and muscle presented the lowest concentration (19.6 and 18.7 µg.g-1 in 

female and male, respectively). In case of Cd in P. vannamei, most of the tissues were 

below detectable levels (<0.05 µg.g-1). Only the gills (<0.05 to 0.71µg.g-1) and 

hepatopancreas (<0.11 to 5.90 µg.g-1) showed detectable Cd levels. Result for male 

and female were significantly different in exoskeleton, gills, hepatopancreas, and 

antennal organs; male showed higher concentrations than female.  

Tongraar et al. (1996) studied some heavy metals in economic marine animals 

from the Eastern coast of Thailand. Ninety five species of marine animals consisting 

of fist, squid, blue swimming crab, mantis shrimp, oyster and shrimp were collected 

from the four fishing ports along the Eastern coast at Ban Pae in Rayong, Bang Salei, 

Ang Sila and Kao Sammuk in Chon Buri during the period of October 1987 to 

September 1988. The collected specimens were analyzed for five heavy metals i.e. Pb, 

Zn, Cd, Cu and Hg. It was found the accumulation of heavy metals in marine animals 

would vary with the kind of heavy metals and species of marine animals. Average 

values of heavy metals in shrimp were as follows: Pb (0.960 µg/g wet weight), Cd 

(0.074 µg/g wet weight), Zn (13.46 µg/g wet weight), Cu (1.96 µg/g wet weight), and 

Hg (0.01 µg/g wet weight). 
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Marine animals at 15 river mouths were investigated during 18 June to 25 July 

1998 (Pollution Control Department, 1999a). The animals were those consumed 

popularly, easy to find and found in all study areas (along the Andaman Sea and the 

Western Gulf of Thailand). Five types of marine animals are anchovies, mullet, prawn, 

Andara granosa and Perna viridis. This study tried to choose the samples in the same 

size and randomly selected equal amount of tissue to make a composite sample. Heavy 

metals under investigation were As, Hg, Cd, Cr, Cu, Pb and Zn. Zn concentration in 

prawn had a range of 47.50 to137.00 mg/kg dry weight. Average Zn in prawn was 

64.68 mg/kg dry weight. Hot spots for Zn in prawn were found at the following river 

mouths of Chumporn and Phetchaburi. Cu concentration in shrimp had average of 9.65 

to 18.40 mg/kg dry weight. Average Cu concentration was 13.59 mg/kg dry weight. 

Hot spots for Cu in prawn were found at the following river mouths of Lungsuan, 

Bang Pakong, Pranburi, Tapi-Phumduang and Phetchaburi. Cd concentration in prawn 

had average of 1.59 to 2.48 mg/kg dry weight. Average Cd concentration was 2.01 

mg/kg dry weight. Hot spots for Cd in prawn were found at the following river mouths 

of Pak Panang, Tapi-Phumduang and Pranburi.  

Pollution Control Department (1999b) reported heavy metal contaminations of 

prawns were found from the samples at river mouths. Cu concentrations of P. 

merguiensis in Rayong River Mouth were 3.40 mg/kg wet weight in 1998, in Bang 

Pakong River Mouth as 4.89 and 3.77 mg/kg wet weight in 1998 and 1999, in Chao 

Praya River Mouth as 4.02 mg/kg wet weight in 1999, in Tha Chin River Mouth as 

2.67 and 5.15 mg/kg wet weight in 1998 and 1999, in Mae Klong River Mouth as 2.89 

and 6.59 mg/kg wet weight in 1998 and 1999 and in Phetchaburi River Mouth as 3.81 

and 2.55 mg/kg wet weight in 1998 and 1999.  

Cadmium concentrations of P. merguiensis in Rayong River Mouth were 

<0.0083 mg/kg wet weight in 1998, in Bang Pakong River Mouth as <0.0083 and 

0.066 mg/kg wet weight in 1998 and 1999, in Chao Praya River Mouth as 0.078 

mg/kg wet weight in 1999, in Tha Chin River Mouth as <0.008 and 0.069 mg/kg wet 

weight in 1998 and 1999, in Mae Klong River Mouth as <0.008 and 0.127 mg/kg wet 

weight in 1998 and 1999, and in Phetchaburi River Mouth as <0.008 and 0.055 mg/kg 

wet weight in 1998 and 1999.  
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Lead concentrations of P. merguiensis in Rayong River Mouth were <0.028 

mg/kg wet weight in 1998, in Bang Pakong River Mouth as <0.028 and 0.116 mg/kg 

wet weight in 1998 and 1999, in Chao Praya River Mouth as <0.003 mg/kg wet weight 

in 1999, in Tha Chin River Mouth as <0.028 and <0.003 mg/kg wet weight in 1998 

and 1999, in Mae Klong River Mouth as <0.028 and <0.003 mg/kg wet weight in 1998 

and 1999, and in Phetchaburi River Mouth as <0.028 and <0.003 mg/kg wet weight in 

1998 and 1999. 

Zinc concentrations of P. merguiensis in Rayong River Mouth were 14.82 mg/kg 

wet weight in 1998, in Bang Pakong River Mouth as 15.26 and 20.22 mg/kg wet 

weight in 1998 and 1999, in Chao Praya River Mouth as 29.64 mg/kg wet weight in 

1999, in Tha Chin River Mouth as 13.52 and 44.32 mg/kg wet weight in 1998 and 

1999, in Mae Klong River Mouth as 15.76 and 29.09 mg/kg wet weight in 1998 and 

1999, and in Phetchaburi River Mouth as 23.52 and 160.11 mg/kg wet weight in 1998 

and 1999. 

Guhathakurta and Kaviraj (2000) studied heavy metal concentrations in water, 

sediment, shrimp (Penaeus monodon) and mullet (Liza parsia) in some brackish water 

ponds of Sunderban, India. Tiger shrimp (P. monodon) was rared in the ponds 

accumulated all the metals at a high rate. Concentration of the metals in shrimp muscle 

ranged as follows: 0.11 to 3.2 µg/g dry weight for Cd, 7.3 to 4809.5 µg/g dry weight 

for Zn and 22.9 to 42.1 µg/g dry weight for Pb. 

Wanpen (2000) studied the accumulation of some heavy metals in tiger prawn 

(Penaeus monodon) rose around outer part of the Songkhla lake. The major aim was to 

determine the amount of some heavy metals contaminated in the abdomen and 

cephalothorax. The results showed that heavy metals i.e., Cd, Cr, Cu, Fe, Mn, Ni, Pb 

and Zn determined were accumulated much higher in the cephalothorax than in the 

abdomen and these heavy metals generally increased with increasing age of prawn. 

Fortunately, heavy metals which were accumulated in the abdomen did not exceed the 

toxic threshold reported by the other researchers. It was concluded that consumers 

should avoid eating the cephalothorax portion of the prawns. 

Hossain (2001) studied trace metals in Penaeid shrimp (Penaeus monodon) and 

Spiny lobster (Panulirus polyphagus) from the offshore fishing grounds of the Bay of 

Bengal, Bangladesh coast from January to December 1996. The study showed 
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seasonal variation of trace metal i.e., Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn 

concentrations in abdominal tissue and cephalothorax of Penaeid shrimp and Spiny 

lobster. Cu concentration ranged from 12.2 to 75.6 µg/g dry weight, 0.8 to 3.8 µg/g 

dry weight for Pb, 17.5 to 105.1 µg/g dry weight for Zn, 2.8 to 8.9 µg/g dry weight for 

Ni, 0.2 to 0.6 µg/g dry weight for Cd and 1.7 to 4.9 µg/g dry weight for Cr. 

Concentrations of metals in the muscle tissue (abdomen) were found to be lower than 

in the cephalothorax and levels did not pose a health hazard for consumers. 

Marsden and Rainbow (2003) studied the accumulation of trace metals in 

crustaceans affecting their ecology. Crustaceans took up and accumulated metals from 

a wide range of sources and the trace metal concentrations within their tissues and 

bodies showed great variability. Trace metal uptake in crustaceans occurs from the 

water and food, either of which may be affected by the physico-chemical properties of 

the sediment. One of the major pathways for the uptake of trace metals is from 

solution directly through permeable surfaces including the gills. Body size is one of 

the major factors contributing to individual variability in trace metal concentrations 

within species. Metal accumulation affects the ecology of crustaceans as a 

consequence of the energy costs associated with excreting and/or detoxifying the 

incoming metals. If the costs are significant, then this may result in reduced growth 

and reproduction.  
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CHAPTER III 

METHODOLOGY 

 
 

3.1 Study area 

 

The study area covers the upper Gulf of Thailand which is divided into three 

areas as follows; 

 1) The Eastern Gulf of Thailand consists of four provinces i.e., Chanthaburi, 

Chon Buri, Rayong and Trat. 

2) The Central Gulf of Thailand consists of five provinces i.e., Bangkok, 

Samut Prakan, Samut Sakhon and Samut Songkhram, 

 3) The Western Gulf of Thailand consists of two provinces i.e., Phetchaburi 

and Prachuap Khiri Khan. 

 

3.2 Sampling location 

 

Samples of Penaeus merguiensis were taken from fresh markets located at ten 

provinces as mentioned in Section 3.1. Table 3.1 shows the detail of each sampling 

location. Figure 3.1 shows the position of each sampling location. 

 

 

 

 

 



Satita Kanongdech  Methodology / 28 

Table 3.1 Sampling location in ten provinces of the Upper Gulf of Thailand 

No. Province Market’s name 

1 Bangkok Bang Kae 

2 Chanthaburi Laos 

3 Chon Buri Wat Klang 

4 Phetchaburi Muang Phetch 

5 Prachuap Khiri Khan Muang Prachuap 

6 Rayong Wat Lum 

7 Samut Prakan Paknam 

8 Samut Sakhon Mahachai 

9 Samut Songkhram Mae Klong 

10 Trat Muang Trat 
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3.3 Sample collection 

 

Three marketable sizes of 7.0 to 11.9, 12.0 to 14.9 and 15.0 to 20.0 cm were 

collected once a month during June to November, 2004 from each market. For each 

marketable size, 30 individuals were bought from the retailer in fresh market. The 

prawns were packed in plastic bags and placed on ice in an insulated box during 

transportation to the laboratory then samples were stored at -20 °C prior to analysis. 

 

3.4 Preparation of P. merguiensis sample 

 
Total length and wet weight of P. merguiensis samples were determined. They 

were washed vigorously in deionized water to remove external contamination. The P. 

merguiensis samples were dissected to separate abdomen and cephalothorax. Each 

subsample was dried to a constant weight at 80 °C and crushed to uniform particle size 

before analysis in the laboratory. Figures 3.2 to 3.4 show abdomen and cephalothorax. 

1 2

 

 

Figure 3.2 Black and white drawing of P. merguiensis showing cephalothorax and 

abdomen 

Cephalothorax: from rostrum to the end of carapace (Position 1). 

Abdomen: from first abdominal segment to telson (Position 2). 

Source: Chan, 1998 
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Figure 3.3 Photographs of P. merguiensis showing cephalothorax (left) and abdomen 

(right) with exoskeleton 

 

  

Figure 3.4 Photographs of P. merguiensis showing cephalothorax (left) and abdomen 

(right) without exoskeleton 

 

3.5 Sample digestion 

 
Following the Standard methods for the examination of water and wastewater 

(APHA, AWWA and WPCF, 1995 and Horwitz, 2000) the fine grained samples (0.5 g 

dry weight) were digested in the digestion vessel with 10 ml concentrated nitric acid in 

an automatic microwave digestion system (Figure 3.5) by using temperature 200 °C, 

pressure 200 PSI, 30 minutes. The digestion was cool down after completion of the 

heating system. Digested sample was filtered with Whatman filter paper no. 42 and
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followed by deionized water to bring the volume up to 50 ml. Then store in acid-

washed 60 ml polyethylene bottle and keep in refrigerator until analysis using Atomic 

Absorption Spectrometer. 

 

 

Figure 3.5 Automatic microwave digestion system 

 

3.6 Heavy metal analysis 

 

 Following sample digestion, all samples were analysed for five elements by 

Atomic Absorption Spectrometer (AAS). Cu and Zn were determined in a Flame 

Absorption Spectrometer, Varian model 220 FS (Figure 3.6). Cd, Cr and Pb were 

analysed in a Graphite Atomic Absorption Spectrometer, Varian model 220 Z (Figure 

3.7). The maximum absorbance was obtained by adjusting the cathode lamps at 

specific slits and wavelength as showed in Table 3.2. 
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Table 3.2 The operating parameters for measuring five heavy metals 

Properties / Metals Cu Zn Cr Pb Cd 

Fuel: acetylene acetylene argon argon argon 

Slit width (nm): 0.5 1.0  - -  -  

Support: air air  - -  -  

Flame stoichiometry: oxidizing oxidizing  - -  -  

Optimum working range 

(µg/ml): 0.03-10.00 

0.01-

2.00  - -  -  

Lamp current (mA): 4  5  7  5  4  

Wavelength (nm): 324.8 213.9 357.9 283.3 228.8 

Replicate % RSD∗ limit: -   - 5 5 5 

Correlation coefficient 

limit: -   - 0.998000 0.998000 0.998000

Required detection limit 

(µg/l): -   - 1.00 2.00 0.25 

Instrument detection 

limit (µg/l): -   - 0.050 0.060 0.007 

Spectral bandwidth: -   - 0.2R mA 0.5 nm 0.5 nm 

Maximum absorbance: -   - 2 1.4 0.7 

MSR∗(%) -   - 100 92 87 

Remark: RSD∗ = relative standard deviation, MSR∗ = microwave scanning radiometer 

Source: Rophery, 1998 and Rophery, 1999 

The heavy metal concentrations were showed in mg/l after determined by Flame 

and Graphite AASs. These values were transferred in µg/g dry weight by the 

following formula.  

Metal concentration, mg/kg (dry weight basis) = (A x B)/ (g Sample x %D) 

          %D = g dry weight/ g wet weight 
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where: 

  A = concentration of metal in digested solution, mg/l 

  B = final volume of digested solution, ml 

          D = moisture, % 

Source: Wijitjunyakul, 1997 

Acid blank for each heavy metal of sample is necessary. A blank is prepared 

by the same acid and subjected to the same digestion procedure as the sample.  

 

Figure 3.6 Flame Atomic Absorption Spectrometer 
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Figure 3.7 Graphite Atomic Absorption Spectrometer 

 

3.7 Statistical analysis 

 
Statistical analysis of data was carried out with the SPSS statistical program. 

One-way ANOVA and the Duncan Multiple Comparison Test were used to compare 

heavy metal concentrations from each market. Differences in heavy metal 

concentrations in both sexes, two body parts and two seasons (the rainy and cold 

seasons) were compared by Independent’s T-test.  
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CHAPTER IV 

RESULTS AND DISCUSSIONS 

 
 

The accumulation and distribution of heavy metals in P. merguiensis samples 

were carried out from fresh markets of ten provinces around the Upper Gulf of 

Thailand. The results of this study were presented and discussed as follows: 

1) Availabilityof P. merguiensis samples during the collection period 

2) Physical characteristics of P. merguiensis samples 

3) Heavy metal concentrations of P. merguiensis from fresh markets of ten 

provinces of the Upper Gulf of Thailand and the three areas of the Upper Gulf 

of Thailand 

4) Heavy metal concentrations in male and female P. merguiensis 

5) Heavy metal concentrations in cephalothorax and abdomen of P. merguiensis 
6) Heavy metal concentrations of P. merguiensis in the rainy and cold seasons 

7) Comsumption of P. merguiensis and the acceptable levels of heavy metals in 

prawns to human consumption 

 

4.1 Availability of P. merguiensis samples during the collection 

period 

 

P. merguiensis samples were bought once a month from the retailers in ten fresh 

markets during June to November, 2004. Three marketable sizes (7.0 to 11.9, 12.0 to 

14.9, 15.0 to 20.0 cm as small, medium and large sizes, respectively) of P. 

merguiensis were collected. The detail of collection of P. merguiensis samples is 

showed in Table 4.1. The size that was frequently collected was the large size (Table 

4.1). P. merguiensis samples were not available between August to October in 

Chanthaburi, Rayong and Trat. Three provinces were under the influence of the
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Southwest monsoon which normally starts in May until October in the Eastern Gulf of 

Thailand. The effect of the monsoon causes heavy rainfall and the small fishing boats 

cannot go out for fishing. Whereas, P. merguiensis samples were collected almost 

every month during the sampling period in Bangkok, Chon Buri, Samut Prakan, Samut 

Sakhon, Samut Songkhram, Phetchaburi and Prachuap Khiri Khan. From information 

gathered from the retailers, P. merguiensis samples were caught from the coastal area 

of the province where the market is located with an exception of samples at Bang Kae 

market. P. merguiensis samples at Bang Kae market were brought from Mahachai 

market, Samut Prakan.  

 

Table 4.1 Availability of P. merguiensis samples during June to November, 2004 

 

Provinces\Months June July August 
Septembe

r 
Octobe

r November 
Bangkok L*  L*  M*  L* M*  M*  L*  
Chanthaburi L* M* S*  - - - - L*  
Chon Buri L* M* Sf  M* S* M*  M* S* -  L*  
Rayong L* M*   - - - - -  
Phetchaburi L* S* L*  M*  L* M* S* L* M*  L* M*  
Prachuap Khiri 
Khan L* S* L*  -  - L* M*   M*  
Samut Sakhon L* S* M*  S*  M*  L* S*  - 
Samut Songkhram L* S* S* S* L* M* S* -  - 
Trat L* M* S* M* -  - - Lf M* S* 

Remarks: Samples were not collected (-), Large size (L), Medium size (M), Small size (S), Only 

female (f), Both male and female (*). 

 

4.2 Physical characteristics of P. merguiensis samples 

 
4.2.1 Average total length and average wet weight 

Average total length and average wet weight of three marketable sizes of P. 

merguiensis were determined as showed in Tables 4.2 to 4.4. Each value was averaged 

from all values during the collection period of six months. Average total length in the 

large, medium and small sizes were 16.36±0.84, 13.77±0.55 and 10.97±0.48 cm, 

respectively Average wet weight in the large male and female varied from 18.79 to 

34.96 and from 19.16 to 45.74 g wet weight, respectively. Average wet weight in the 
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medium male and female varied from 11.54 to 26.06 and from 12.53 to 28.00 g wet 

weight, respectively. Average wet weight in the small male and female varied from 

6.57 to 12.24 and from 7.23 to 12.71 g wet weight, respectively. It was found that 

most females had higher total length and wet weight than males.  
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Table 4.2 Average total length and average wet weight of the large size of P. 

merguiensis 

 

Sex 
Male Female 

 
 
 
 

Location 

Average 
length±SD 

(cm) 

Average wet 
weight±SD 

(g) 

Average 
length±SD 

(cm) 

Average wet 
weight±SD 

(g) 
Bangkok 15.94±0.40 24.42±3.08 16.66±0.76 30.66±4.60
Chanthaburi 15.75±0.53 24.96±2.79 16.59±0.56 28.42±3.60
Chon Buri 15.57±0.37 22.49±1.83 16.05±0.62 28.21±3.67
Phetchaburi 16.10±0.82 27.34±3.79 16.69±1.03 32.10±4.20
Prachuap Khiri Khan 15.89±0.40 25.12±1.98 16.00±0.72 30.33±3.46
Rayong 16.11±1.05 23.40±1.85 16.42±0.92 30.41±4.81
Samut Prakan 16.20±0.78 20.51±4.33 16.63±1.07 32.57±7.77
Samut Sakhon 15.46±0.29 18.79±1.97 15.50±0.51 19.16±3.04
Samut Songkhram 17.63±0.36 34.96±2.28 19.21±0.46 45.74±6.06
Trat 16.97±0.38 22.81±2.09 15.85±0.72 30.09±13.20
 

Table 4.3 Average total length and average wet weight of the medium size of P. 

merguiensis 

 

Sex 
Male Female 

 
 
 
 

Location 

Average 
length±SD 

(cm) 

Average wet 
weight±SD 

(g) 

Average 
length±SD 

(cm) 

Average wet 
weight±SD 

(g) 
Bangkok 14.12±0.57 18.87±3.43 14.11±0.66 20.18±4.31
Chanthaburi 13.61±0.51 14.58±1.63 13.48±0.69 15.67±2.37
Chon Buri 13.71±0.55 15.55±1.70 13.66±0.64 15.48±2.61
Phetchaburi 14.64±0.34 26.06±3.06 14.40±0.60 28.00±4.50
Prachuap Khiri Khan 14.16±0.47 19.54±3.43 14.45±0.66 20.57±3.22
Rayong 13.68±0.54 15.87±1.51 13.50±0.84 16.06±2.02
Samut Prakan 14.11±0.59 18.12±3.52 14.23±0.98 18.81±4.44
Samut Sakhon 12.51±0.43 11.54±1.96 12.80±0.48 12.53±2.44
Samut Songkhram 14.11±0.58 18.70±4.99 13.95±0.74 15.25±1.84
Trat 13.17±0.70 12.15±3.21 13.04±0.71 12.86±3.38
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Table 4.4 Average total length and average wet weight of the small size of P. 

merguiensis 

 

Sex 
Male Female 

Location 

Average 
length±SD 

(cm) 

Average wet 
weight±SD 

(g) 

Average 
length±SD 

(cm) 

Average wet 
weight±SD 

(g) 
Bangkok - - -  -
Chanthaburi 11.44±0.36 8.49±1.39 11.44±0.35 8.47±1.55
Chon Buri 11.31±0.33 8.79±0.92 11.31±0.42 8.19±1.16
Phetchaburi 10.77±1.07 7.39±2.04 11.08±0.76 8.25±2.36
Prachuap Khiri Khan 11.54±0.43 11.28±3.31 11.37±0.41 9.88±1.81
Rayong - - - -
Samut Prakan 10.53±1.00 7.10±2.54 10.68±0.84 7.60±2.25
Samut Sakhon 10.75±0.73 10.15±5.92 10.68±0.82 10.60±6.00
Samut Songkhram 9.98±0.93 6.57±2.04 10.14±1.01 7.23±2.55
Trat 11.00±1.06 12.24±0.74 11.59±0.67 12.71±0.54
Remark: (-) Samples were not collected.
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4.2.2 Total solid of P. merguiensis samples 

Results of the calculation of total solid of P. merguiensis samples were presented 

in Table 4.5. Each value was averaged from values of all fresh markets during 

collection period of six months. Total solid values between cephalothorax and 

abdomen obtained were rather constant despite size and sex. As expected, total solid 

values of abdomen were higher than those of cephalotorax.  

 

Table 4.5 Total solid (%) of P. merguiensis samples 

 

Size Sex Body parts Average wet 
weight (g) 

Average dry 
weight (g) 

Total solid 
(%) 

Cephalothorax 12.30 1.91 15.55Male 
Abdomen 34.01 8.06 23.71

Cephalothorax 13.43 2.08 15.50
Large 

Female 
Abdomen 41.13 8.92 21.70

Cephalothorax 1.86 0.30 15.92Male 
Abdomen 16.90 3.26 19.28

Cephalothorax 1.87 0.33 17.76
Medium 

Female 
Abdomen 18.29 3.64 19.88

Cephalothorax 2.92 0.47 16.10Male 
Abdomen 10.52 2.23 21.15

Cephalothorax 2.81 0.45 15.82
Small 

Female 
Abdomen 10.54 2.27 21.49

Remark: Total solid (%) = Dry weight (g) x 100 /Wet weight (g)  

 

4.3 Heavy metal concentrations amongst fresh markets of ten 

provinces of the Upper Gulf of Thailand 

 
4.3.1 Copper (Cu) 

Copper concentrations in the three marketable sizes of P. merguiensis collected 

from fresh markets of ten provinces of the Upper Gulf of Thailand are showed in 

Figure 4.1. In the study, P. merguiensis samples of the small size from Bangkok and 

Rayong cannot be collected. For the large size of P. merguiensis, the average Cu 

concentrations varied from 1.98±2.20 to 4.62±4.02 mg/kg dry weight. For the medium 

size, those varied from 0.78±0.84 to 4.32±6.96 mg/kg dry weight and for the small 
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size, those varied from 0.28±0.15 to 6.03±7.86 mg/kg dry weight. The highest average 

value of Cu concentrations was 6.03 mg/kg dry weight found in the small size of P. 

merguiensis collected from Chon Buri. In Figure 4.2, Cu concentrations were 

presented according to the three areas of the Upper Gulf of Thailand. In the Eastern 

Gulf of Thailand, the average Cu concentrations in the large, medium and small sizes 

of P. merguiensis were as follows; 2.61±2.90, 2.54±4.19 and 3.33±5.73 mg/kg dry 

weight, respectively. For the Central Gulf of Thailand, the average Cu concentrations 

in the large, medium and small sizes of P. merguiensis were as follows; 2.65±2.44, 

1.84±3.54 and 2.45±2.98 mg/kg dry weight, respectively. For the Western Gulf of 

Thailand, the average Cu concentrations in the large, medium and small sizes of P. 

merguiensis were as follows; 2.64±2.90, 1.26±0.94 and 4.26±6.09 mg/kg dry weight, 

respectively. The highest average value of Cu concentrations was 4.26 mg/kg dry 

weight found in the small size of P. merguiensis collected from the Western Gulf of 

Thailand. 

For the large size of P. merguiensis, ANOVA showed that Cu concentrations in 

P. merguiensis from all fresh markets were not significantly different. For the medium, 

ANOVA showed that Cu concentrations collected from all fresh markets were 

significantly different. Therefore Duncan test was used to test the difference amongst 

all fresh markets in ten provinces. The results showed that there were three groups that 

were significantly different. Cu concentrations in P. merguiensis collected from 

Bangkok, Chanthaburi, Phetchaburi, Prachuap Khiri Khan, Rayong, Samut Prakan, 

Samut Songkhram and Trat were not significantly different. Those collected from 

Chon Buri, Phetchaburi, Rayong, Samut Songkhram and Trat were not significantly 

different. Those collected from Chon Buri, Samut Sakhon and Samut Songkhram were 

not significantly different (Table 1 in Appendix B). When comparing amongst the 

three areas of the Upper Gulf of Thailand (Figure 4.2), ANOVA showed that Cu 

concentrations in P. merguiensis were significantly different (Table 2 in Appendix B). 

Duncan test for the three areas of the Upper Gulf of Thailand showed that Cu 

concentrations in P. merguiensis collected from the Eastern and Central Gulf of 

Thailand were not significantly different and those collected from the Central and 

Western Gulf of Thailand were not significantly different (Table 2 in Appendix B). 
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For the small size of P. merguiensis, ANOVA showed that Cu concentrations 

collected from all fresh markets were significantly different. Duncan test for all fresh 

markets in ten provinces showed that there were two groups that were significantly 

different. Within each group Cu concentrations in P. merguiensis collected from 

Chanthaburi, Samut Prakan, Samut Sakhon, Samut Songkhram and Trat were not 

significantly different. Those collected from Phetchaburi, Prachuap Khiri Khan, Samut 

Prakan, Samut Sakhon, Samut Songkhram and Trat were not significantly different 

(Table 1 in Appendix B). However, when comparing amongst the three areas of the 

Upper Gulf of Thailand, ANOVA showed that Cu concentrations in P. merguiensis 

were not significantly different (Table 2 in Appendix B).  
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Figure 4.1 Distribution of Cu concentrations of P. merguiensis collected from fresh 

markets of ten provinces of the Upper Gulf of Thailand 
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Figure 4.2 Comparison of Cu concentrations of P. merguiensis collected from the 

three areas of the Upper Gulf of Thailand 
 
4.3.2 Zinc (Zn) 

Zinc concentrations in the three sizes of P. merguiensis collected from fresh 

markets of ten provinces of the Upper Gulf of Thailand are showed in Figure 4.3. For 

the large size of P. merguiensis, the average Zn concentrations varied from 2.85±1.47 

to 3.99±2.28 mg/kg dry weight. For the medium size, those varied from 2.29±1.08 to 

3.58±1.18 mg/kg dry weight and for the small size, those varied from 2.58±1.07 to 

3.36±1.22 mg/kg dry weight. The highest average value of Zn concentrations was 3.99 

mg/kg dry weight found in the large size of P. merguiensis collected from Bangkok. 

Comparison of Zn concentrations amongst the three areas of the Upper Gulf of 

Thailand is showed in Figure 4.4. For the Eastern Gulf of Thailand, the average Zn 

concentrations in the large, medium and small sizes of P. merguiensis were as follows; 

3.18±1.67, 3.13±1.31 and 3.07±1.19 mg/kg dry weight, respectively. For the Central 

Gulf of Thailand, the average Zn concentrations in the large, medium and small sizse 

of P. merguiensis were as follows; 3.63±2.09, 3.39±1.46 and 2.81±1.25 mg/kg dry 

weight, respectively. For the Western Gulf of Thailand, the average Zn concentrations 

in the large, medium and small sizes of P. merguiensis were as follows; 3.75±2.21, 

3.28±1.37 and 2.99±1.28 mg/kg dry weight, respectively. The highest average value of 
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Zn concentrations was 3.75 mg/kg dry weight found in the large size of P. merguiensis 

collected from the Western Gulf of Thailand. 

ANOVA showed that Zn concentrations in the large, medium and small sizes of 

P. merguiensis collected from all fresh markets were not significantly different (Table 

1 in Appendix B). When comparing amongst the three areas of the Upper Gulf of 

Thailand (Figure 4.4), ANOVA showed that Zn concentrations in P. merguiensis were 

not significantly different (Table 2 in Appendix B). 
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Figure 4.3 Distribution of Zn concentrations of P. merguiensis collected from fresh 

markets of ten provinces of the Upper Gulf of Thailand 
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Figure 4.4 Comparison of Zn concentrations of P. merguiensis collected from the three 

areas of the Upper Gulf of Thailand 
 
4.3.3 Chromium (Cr) 

Chromium concentrations in the three sizes of P. merguiensis collected from 

fresh markets of ten provinces of the Upper Gulf of Thailand are showed in Figure 4.5. 

For the large size of P. merguiensis, the average Cr concentrations varied from 

52.62±37.92 to 1311.96±230.95 µg/kg dry weight. For the medium size, those varied 

from 12.25±5.04 to 1411.48±160.49 µg/kg dry weight and for the small size, those 

varied from 28.94±19.16 to 1388.35±219.80 µg/kg dry weight. The highest average 

value of Cr concentrations was 1411.48 µg/kg dry weight found in the medium size of 

P. merguiensis collected from Rayong. Comparison of Cr concentrations amongst the 

three areas of the Upper Gulf of Thailand is showed in Figure 4.6. For the Eastern 

Gulf of Thailand, the average Cr concentrations in the large, medium and small sizes 

of P. merguiensis were as follows; 638.16±657.63, 480.03±716.19 and 467.19±788.87 

µg/kg dry weight, respectively. For the Central Gulf of Thailand, the average Cr 

concentrations in the large, medium and small sizes of P. merguiensis were as follows; 

416.38±622.73, 201.66±460.80 and 619.78±798.56 µg/kg dry weight, respectively. 

For the Western Gulf of Thailand, the average Cr concentrations in the large, medium 

and small sizes of P. merguiensis were as follows; 463.62±800.02, 26.74±22.12 and 
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923.21±672.18 µg/kg dry weight, respectively. The highest average value of Cr 

concentrations was 923.21 µg/kg dry weight found in the small size of P. merguiensis 

collected from the Western Gulf of Thailand. 

For the large size of P. merguiensis, ANOVA showed that Cr concentrations 

collected from all fresh markets were significantly different. Duncan test for all fresh 

markets in ten provinces showed that there were five groups that were significantly 

different. Within each group Cr concentrations in P. merguiensis collected from 

Bangkok, Chanthaburi, Chon Buri, Prachuap Khiri Khan and Samut Prakan were not 

significantly different. Those collected from Bangkok, Chanthaburi, Phethchaburi, 

Prachuap Khiri Khan, Samut Prakan and Samut Sakhon were not significantly 

different. Those collected from Chanthaburi, Phetchaburi, Samut Sakhon and Samut 

Songkhram were not significantly different. Those collected from Samut Songkhram 

and Trat were not significantly different. Those collected from Rayong and Trat were 

not significantly different (Table 1 in Appendix B). However, when comparing 

amongst the three areas of the Upper Gulf of Thailand ANOVA showed that Cr 

concentrations in P. merguiensis were not significantly different (Table 2 in Appendix 

B).  

For the medium size of P. merguiensis, ANOVA showed that Cr concentrations 

collected from all fresh markets were significantly different. Duncan test for all fresh 

markets in ten provinces showed that there were three groups that were significantly 

different. Within each group Cr concentrations in P. merguiensis collected from 

Bangkok, Chanthaburi, Chon Buri, Phetchaburi, Prachuap Khiri Khan and Samut 

Sakhon and Samut Songkhram were not significantly different. Those collected from 

Samut Prakan and Trat were not significantly different and Cr concentration in 

Rayong was different from those of the other fresh markets (Table 1 in Appendix B). 

When comparing amongst the three areas of the Upper Gulf of Thailand, ANOVA 

showed that Cr concentrations in P. merguiensis were significantly different. Duncan 

test showed that Cr concentrations in P. merguiensis collected from the Eastern and 

Central Gulf of Thailand were significantly different from the Western Gulf of 

Thailand (Table 2 in Appendix B). 

For the small size of P. merguiensis, ANOVA showed that Cr concentrations 

collected from all fresh markets were significantly different. Duncan test for all fresh 
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markets in ten provinces showed that there were four groups that were significantly 

different. Within each group Cr concentrations in P. merguiensis collected from 

Chanthaburi, Chon Buri and Samut Songkhram were not significantly different. Those 

collected from Phetchaburi, Samut Prakan, Samut Sakhon and Samut Songkhram were 

not significantly different. Those collected from Samut Prakan and Trat were not 

significantly different. Those collected from Prachuap Khiri Khan and Trat were not 

significantly different (Table 1 in Appendix B). When comparing amongst the three 

areas of the Upper Gulf of Thailand, ANOVA showed that Cr concentrations in P. 

merguiensis were not significantly different (Table 2 in Appendix B). 
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Figure 4.5 Distribution of Cr concentrations of P. merguiensis collected from fresh 

markets of ten provinces of the Upper Gulf of Thailand 
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Figure 4.6 Comparison of Cr concentrations of P. merguiensis collected from the three 

areas of the Upper Gulf of Thailand 
 
4.3.4 Lead (Pb) 

Lead concentrations in the three sizes of P. merguiensis collected from fresh 

markets of ten provinces of the Upper Gulf of Thailand are showed in Figure 4.7. 

Comparison amongst the three areas of the Upper Gulf of Thailand is showed in 

Figure 4.8. For the large size of P. merguiensis, the average Pb concentrations varied 

from 7.69±6.07 to 18.02±15.52 µg/kg dry weight. For the medium size, those varied 

from 5.06±3.29 to 74.51±13.21 µg/kg dry weight and for the small size, those varied 

from 6.89±3.77 to 37.83±40.70 µg/kg dry weight. The highest average value of Pb 

concentrations was 74.51 µg/kg dry weight found in the medium size of P. 

merguiensis collected from Samut Sakhon. Comparison of Pb concentrations amongst 

the three areas of the Upper Gulf of Thailand is showed in Figure 4.8. For the Eastern 

Gulf of Thailand, the average Pb concentrations in the large, medium and small sizes 

of P. merguiensis were as follows; 14.85±13.69, 9.14±9.10 and 15.04±17.09 µg/kg 

dry weight, respectively. For the Central Gulf of Thailand, the average Pb 

concentrations in the large, medium and small sizes of P. merguiensis were as follows; 

12.60±10.80, 28.18±28 and 24.31±28.67 µg/kg dry weight, respectively. For the 
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Western Gulf of Thailand, the average Pb concentrations in the large, medium and 

small sizes of P. merguiensis were as follows; 9.83±7.41, 20.20±17.14 and 

14.94±13.99 µg/kg dry weight, respectively. The highest average value of Pb 

concentrations was 28.18 µg/kg dry weight found in the medium size of P. 

merguiensis collected from the Central Gulf of Thailand. 

For large size of P. merguiensis, ANOVA showed that Pb concentration in P. 

merguiensis collected from all fresh markets were not significantly different (Table 1 

in Appendix B). When comparing amongst the three areas of the Upper Gulf of 

Thailand, Duncan test showed that Pb concentrations in P. merguiensis in the three 

areas of the Upper Gulf of Thailand were not significantly different (Table 2 in 

Appendix B). 

For the medium size of P. merguiensis, ANOVA showed that Pb concentrations 

collected from all fresh markets were significantly different. Duncan test for all fresh 

markets showed that there were three groups that were significantly different. Within 

each group Pb concentrations in P. merguiensis collected from Bangkok, Chanthaburi, 

Chon Buri, Phetchaburi, Prachuap Khiri Khan, Rayong and Samut Prakan were not 

significantly different. Those collected from Bangkok, Chon Buri, Phetchaburi, 

Prachuap Khiri Khan, Samut Prakan and Trat and were not significantly different. 

Those collected from Samut Sakhon and Samut Songkhram were significantly 

different from the other fresh markets (Table 1 in Appendix B). When comparing 

amongst the three areas of the Upper Gulf of Thailand, ANOVA showed that Pb 

concentrations in P. merguiensis were significantly different. Duncan test showed that 

Pb concentrations in P. merguiensis collected from the Central and Western Gulf of 

Thailand were significantly different from the Eastern Gulf of Thailand Table 2 in 

Appendix B). 

For the small size of P. merguiensis, ANOVA showed that Pb concentrations 

collected from all fresh markets were significantly different. Duncan test for all fresh 

markets showed that there were three groups that were significantly different. Within 

each group Pb concentrations in P. merguiensis collected from Chon Buri, Phetchaburi, 

Prachuap Khiri Khan, Samut Prakan, Samut Sakhon and Trat were not significantly 

different. Those collected from Chanthaburi, Phetchaburi, Samut Prakan, Samut 

Sakhon and Trat were not significantly different. Those collected from Chanthaburi 
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and Samut Songkhram were not significantly different. (Table 1 in Appendix B). 

When comparing amongst the three areas of the Upper Gulf of Thailand, ANOVA 

showed that Pb concentrations in the three areas of the Upper Gulf of Thailand were 

not significantly different (Table 2 in Appendix B). 
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Figure 4.7 Distribution of Pb concentrations of P. merguiensis collected from fresh 

markets of ten provinces of the Upper Gulf of Thailand 
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Figure 4.8 Comparison of Pb concentrations of P. merguiensis collected from the three 

areas of the Upper Gulf of Thailand 
 
4.3.5 Cadmium (Cd) 

Cadmium concentrations in the three sizes of P. merguiensis collected from fresh 

markets of ten provinces of the Upper Gulf of Thailand are showed in Figure 4.9. For 

the large size of P. merguiensis, the average Cd concentrations varied from 0.37±0.26 

to 27.55±36.57 µg/kg dry weight. For the medium size, the average Cd concentrations 

varied from 0.25±0.08 to 21.80±36.20 µg/kg dry weight and for the small size, the 

average Cd concentrations varied from 1.74±1.26 to 18.58±25.34 µg/kg dry weight. 

The highest average value of Cd concentrations was 27.55 µg/kg dry weight found in 

the large size of P. merguiensis collected from Bankok. Comparison of Pb 

concentrations amongst the three areas of the Upper Gulf of Thailand is showed in 

Figure 4.10. For the Eastern Gulf of Thailand, the average Cd concentrations in the 

large, medium and small sizes of P. merguiensis were as follows; 9.24±18.69, 

7.38±13.03 and 12.91±21.45 µg/kg dry weight, respectively. For the Central Gulf of 

Thailand, the average Pb concentrations in the large, medium and small sizes of P. 

merguiensis were as follows; 17.78±28.34, 15.48±27.46 and 5.24±12.44 µg/kg dry 

weight, respectively. For the Western Gulf of Thailand, the average Pb concentrations 
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in the large, medium and small sizes of P. merguiensis were as follows; 21.94±39.32, 

13.68±15.34 and 6.60±6.62 µg/kg dry weight, respectively. The highest average value 

of Pb concentrations was 21.94 µg/kg dry weight found in the small size of P. 

merguiensis collected from the Western Gulf of Thailand. 

For the large size of P. merguiensis, ANOVA showed that Cd concentrations 

collected from all fresh markets were significantly different. Duncan test for all fresh 

markets in ten provinces showed that there were two groups that were significantly 

different. Within each group Cd concentrations in P. merguiensis collected from 

Chanthaburi, Rayong, Chon Buri, Phetchaburi, Prachuap Khiri Khan, Samut Prakan, 

Samut Sakhon, Samut Songkhram and Trat were not significantly different. Those 

collected from Bangkok, Chanthaburi, Chon Buri, Phetchaburi, Prachuap Khiri Khan, 

Samut Prakan, Samut Sakhon, Samut Songkhram and Trat were not significantly 

different (Table 1 in Appendix B). When comparing amongst the three areas of the 

Upper Gulf of Thailand, ANOVA analyses showed that Cd concentration in P. 

merguiensis in the three areas of the Upper Gulf of Thailand were not significantly 

different (Table 2 in Appendix B). 

For the medium size of P. merguiensis, ANOVA showed that Cd concentrations 

collected from all fresh markets were significantly different. Duncan test for all fresh 

markets showed that there were three groups that were significantly different. Within 

each group Cd concentrations in P. merguiensis collected from Chanthaburi, Chon 

Buri, Phetchaburi, Rayong, Samut Prakan, Samut Sakhon, Samut Songkhram and Trat 

were not significantly different. Those collected from Chanthaburi, Chon Buri, 

Phetchaburi, Prachuap Khiri Khan, Samut Prakan, Samut Sakhon, Samut Songkhram 

and Trat were not significantly different. Those collected from Bangkok, Chon Buri, 

Phetchaburi, Prachuap Khiri Khan, Samut Prakan, Samut Sakhon, Samut Songkhram, 

and Trat were not significantly different. (Table 1 in Appendix B). However, when 

comparing amongst the three areas of the Upper Gulf of Thailand; ANOVA showed 

that Cd concentrations in P. merguiensis were not significantly different (Table 2 in 

Appendix B). 

For the small size of P. merguiensis, ANOVA showed that Cd concentrations 

collected from all fresh markets were significantly different. Duncan test for all fresh 

markets showed that there were three groups that were significantly different. Within 
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each group Cd concentrations in P. merguiensis collected from Chanthaburi, 

Phetchaburi, Prachuap Khiri Khan, Samut Prakan, Samut Sakhon and Samut 

Songkhram were not significantly different. Those collected from Phetchaburi, 

Prachuap Khiri Khan, Samut Prakan, Samut Sakhon, Samut Songkhram and Trat were 

not significantly different. Those collected from Chon Buri and Trat were not 

significantly different (Table 1 in Appendix B). However, when comparing amongst 

the three areas of the Upper Gulf of Thailand; ANOVA showed that Cd concentrations 

in P. merguiensis were significantly different. Duncan test showed that Cd 

concentrations in P. merguiensis collected from the Eastern and Central Gulf of 

Thailand were not significantly different and the Central and Western Gulf of Thailand 

were not significantly different (Table 2 in Appendix B). 
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Figure 4.9 Distribution of Cd concentrations of P. merguiensis collected from fresh 

markets of ten provinces of the Upper Gulf of Thailand 
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Figure 4.10 Comparison of Cd concentrations of P. merguiensis collected from the 

three areas of the Upper Gulf of Thailand 
4.3.6 Discussion and conclusion 

The overall average heavy metal concentrations of P. merguiensis presented in 

descending order as follows; Zn> Cu> Cr> Pb> Cd. Similar to the study of Tongraar et 

al. (1996), they reported that the higher levels of Zn than Pb, Cd, Zn and Cu in many 

aquatic marine animals such as fishes, squids, blue swimming crab, mantis shrimp, 

oysters and shrimp from fish pier of the Eastern Gulf of Thailand. The reason that Zn 

was the highest concentration found due to it is an important biochemical catalyst of 

enzyme systems. It is also interesting to find that overall average Zn concentrations 

detected from the present study (3.18 mg/g dry weight) were much higher than those 

in shrimp (1.963 µg/g wet weight) reported by Tongraar et al. (1996).  

Cu concentrations in P. merguiensis varied according to the three areas of the 

Upper Gulf of Thailand. Major sources of Cu in the Upper Gulf of Thailand are from 

both agriculture and industry including petrochemical industries which are dominant 

in Maptaput Industrial Estate at Rayong. Cu is the component of dyeing color in 

weaving factory which are dominant in Samut Prakan. The results showed the highest 

average Cu concentrations of 6.03 mg/kg dry weight in collected from Chon Buri. The 

province is in between Rayong and Samut Prakan. Monboonpitak (2005) found 
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highest Cu concentrations in Metapenaeus ensis collected from Samut Prakan. But 

when considering amongst the three areas of the Upper Gulf of Thailand, it was found 

that highest average Cu concentrations of 4.26 mg/kg dry weight found in P. 

merguiensis collected from the Western Gulf of Thailand. Major activity in the 

Western Gulf of Thailand is agriculture including animal husbandry and aquaculture. 

Cu in feeds for animal husbandry, insecticides and fungicides from land-based systems 

is drained into the coastal area while Cu in feeds for both intensive and extensive 

aquacultures is discharged directly into the coastal area. However, Pollution Control 

Department (2003) and Monboonpitak (2005) found similar results of highest Cu 

concentrations in M. ensis collected from the Central Gulf of Thailand. Moreover, 

from the previous studies on heavy metal concentrations of water and sediment of the 

Western Gulf of Thailand showed the highest concentrations amongst those of the 

three areas of the Gulf of Thailand (Pollution Control Department, 1999; Musika et al. 

2003). 

There was not much different in Zn concentrations in P. merguiensis from the 

Upper Gulf of Thailand. The highest average Zn concentrations were 3.99 and 3.75 

mg/kg dry weight found in P. merguiensis collected from Bangkok and the Western 

Gulf of Thailand, respectively. Also, Zn concentrations in coastal water of the Inner 

Gulf of Thailand studied by Cheevaporn and Menasveta (2003) were not different in 

distribution (0.14 to 0.19 mg/l). Monboonpitak (2005) found that Zn concentrations in 

M. ensis collected from the Upper Gulf of Thailand were not significantly different 

varying from 13.51 to 23.11 mg/kg dry weight for nine provinces of the Upper Gulf of 

Thailand and 15.99 to 17.13 mg/kg dry weight for the three areas of the Upper Gulf of 

Thailand. In contrast, the study of Pollution Control Department (2003) reported high 

Zn concentration of 57.98 mg/kg wet weight in M. ensis collected from Mae Klong 

river mouth and only 13.94 mg/kg wet weight in M. ensis collected from Phetchaburi 

river mouth.  

The highest average Cr concentrations were 1411.48 and 923.21 µg/kg dry 

weight found in P. merguiensis collected from Rayong and the Western Gulf of 

Thailand, respectively. Monboonpitak (2005) also found that the highest average Cr 

concentrations in M. ensis collected from Rayong and the Western Gulf of Thailand. 

Cr is also used in both industry and agriculture. Sources of Cr in these areas were from 
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metallurgical processing industries in Maptaput Industrial Estate in Rayong and from 

using insecticides and fungicides from agricultural areas in the Western Gulf of 

Thailand. 

The highest average Pb concentrations were 74.51 and 28.18 µg/kg dry weight 

found in P. merguiensis collected from Samut Sakhon and the Central Gulf of 

Thailand, respectively. Monboonpitak (2005) found that the highest average Pb 

concentrations in M. ensis collected from Samut Songkhram and the Central Gulf of 

Thailand. Sources of Pb in these areas were from dyeing productions, paper 

productions, ink productions, oil color and rubber, in Samut Sakhon and lathe and join 

metals and repairing engine in Samut Songkhram. Both Samut Sakhon and Samut 

Songkhram are in the Central Gulf of Thailand. 

The highest average Cd concentrations were 27.55 and 21.94 µg/kg dry weight 

found in P. merguiensis collected from Bangkok and the Western Gulf of Thailand, 

respectively. Monboonpitak (2005) found that the highest average Cd concentrations 

in M. ensis collected from Phetchaburi and the Western Gulf of Thailand. P. 

merguiensis samples from Bangkok were purchased from Mahachai market, Samut 

Sakhon by the monger in Bang Kae market. Average Cd concentration in P. 

merguiensis collected from Samut Prakan of 13.40 µg/kg dry weight was not much 

lower than that from Bangkok (Figure 4.9). It is intersting to find the high average Cd 

concentration in P. merguiensis collected from Phetchaburi (Figure 4.9). Sources of 

Cd in these areas were from productions of artificial leather, nylon rope, paper 

production, ceramics and rubber in Samut Sakhon and wastewater discharges from 

agricultural areas applied by phosphate fertilizers (Cd is the impurity in phosphate 

fertilizers) and from pig farms (via canal systems) in Phetchaburi. Pollution Control 

Department (2003) reported highest Cd concentrations in M. ensis in Phetchaburi and 

Mae Klong river mouths of 0.24 and 0.15 mg/kg wet weight, respectively.  

In conclusion, the relation between heavy metal concentrations and the activities 

releasing heavy metals can be observed. Results of the present study suggested similar 

relations with the study of Monboonpitak (2005) and Pollution Control Department 

(2003) in different shimp species of M. ensis.  

The overall average heavy metal concentrations presented in descending order as 

follows; Zn> Cu> Cr> Pb> Cd. Similar to the study of Tongraar et al. (1996), they 
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reported that the higher levels of Zn than Pb, Cd, Zn and Cu in many aquatic marine 

animals such as, fishes, squids, blue swimming crab, mantis shrimp, oysters and 

shrimp from fish pier of the Eastern Gulf of Thailand. The reason that Zn was the 

highest concentration found due to it is an important biochemical catalyst of enzyme 

systems. It is also interesting to find that Zn concentrations were much higher than 

those in shrimp reported by Tongraar et al. (1996)  

 

4.4 Heavy metal concentrations in male and female of P. merguiensis 
 
4.4.1 Copper (Cu) 

Copper concentrations in the large size of P. merguiensis collected from fresh 

markets of ten provinces of the Upper Gulf of Thailand are showed in Figure 4.11. In 

the study, samples of the small size from Bangkok and Rayong cannot be collected. 

Cu concentrations of male P. merguiensis varied from 1.59±1.66 to 4.39±4.12 mg/kg 

dry weight. Cu concentrations of female P. merguiensis varied from 2.20±2.82 to 

4.81±4.41 mg/kg dry weight. The highest average Cu concentration of male P. 

merguiensis collected from Rayong was 4.39 mg/kg dry weight and the highest 

average Cu concentration of female P. merguiensis collected from Rayong was 4.81 

mg/kg dry weight. Independent sample T-test was used for testing the difference of Cu 

concentration of P. merguiensis between male and female. Results from T-test for the 

large size of P. merguiensis showed that Cu concentrations in both sexes were not 

significantly different in all provinces (Table 3 in Appendix B). 

For the medium size of P. merguiensis, Cu concentrations of male and female 

(Figure 4.11) varied from 0.84±0.38 to 4.45±7.61 mg/kg dry weight and 0.56±0.47 to 

4.18±6.67 mg/kg dry weight, respectively. The highest average Cu concentration of 

male P. merguiensis collected from Samut Sakhon was 4.45 mg/kg dry weight and the 

highest average Cu concentration of female P. merguiensis collected from Samut 

Sakhon was 4.18 mg/kg dry weight. Results from T-test for the medium size of P. 

merguiensis showed that Cu concentrations in both sexes were significantly different 

only in Samut Songkhram (Table 3 in Appendix B). 

For the small size of P. merguiensis, Cu concentrations of male and female 

(Figure 4.11) varied from 0.35±0.16 to 6.05±7.96 mg/kg dry weight and 0.22±0.13 to 
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6.00±8.19 mg/kg dry weight, respectively. The highest average Cu concentration of 

male P. merguiensis collected from Chon Buri was 6.05 mg/kg dry weight and the 

highest average Cu concentration of female P. merguiensis collected from Chon Buri 

was 6.00 mg/kg dry weight. Results from T-test for the small size of P. merguiensis 

showed that Cu concentrations in both sexes were not significantly different in all 

provinces (Table 3 in Appendix B). 

Comparison amongst the three areas of the Upper Gulf of Thailand is showed in 

Figure 4.12. For the Eastern Gulf of Thailand, the average Cu concentrations in the 

large, medium and small sizes of male and female P. merguiensis were as follows; 

2.44±2.70, 2.76±3.10, 2.90±4.14, 2.24±4.28, 3.27±5.72 and 3.39±5.86 mg/kg dry 

weight, respectively. For the Central Gulf of Thailand, the average Cu concentrations 

in the large, medium and small sizes of male and female P. merguiensis were as 

follows; 2.64±2.34, 2.65±2.57, 2.11±3.88, 1.89±3.58, 2.40±2.80 and 2.49±3.17 mg/kg 

dry weight, respectively. For the Western Gulf of Thailand, the average Cu 

concentrations in the large, medium and small sizes of male and female P. merguiensis 

were as follows; 2.22±2.55, 3.05±3.18, 1.35±1.05, 1.18±0.85, 4.82±7.01 and 

4.12±6.94 mg/kg dry weight, respectively (Table 4 in Appendix B). Results from T-

test for the large, medium and small sizes of P. merguiensis showed that Cu 

concentrations in both sexes of P. merguiensis were not significantly different in the 

three areas. 
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Figure 4.11 Comparison of Cu concentrations of P. merguiensis size between male 

and female collected from fresh markets of ten provinces of the Upper Gulf 
of Thailand  
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Figure 4.12 Comparison of Cu concentrations of P. merguiensis between male and 

female collected from the three areas of the Upper Gulf of Thailand 
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4.4.2 Zinc (Zn) 

Zinc concentrations in the large size of P. merguiensis collected from fresh 

markets of ten provinces of the Gulf of Thailand are showed in Figure 4.13. In the 

study, samples of the small size from Bangkok and Rayong cannot be collected. Zn 

concentrations of male P. merguiensis varied from 2.46±1.39 to 3.53±1.80 mg/kg dry 

weight. Zn concentrations of female P. merguiensis varied from 3.00±1.74 to 

4.44±2.64 mg/kg dry weight. The highest average Zn concentration of male P. 

merguiensis collected from Bangkok was 3.53 mg/kg dry weight and the highest 

average Zn concentration of female P. merguiensis collected from Bangkok was 4.44 

mg/kg dry weight. Results from T-test for the large size of P. merguiensis showed that 

Zn concentrations in both sexes were significantly different in Prachuap Khiri Khan, 

Samut Prakan and Samut Songkhram (Table 3 in Appendix B). 

For the medium size of P. merguiensis, Zn concentrations of male P. 

merguiensis varied from 2.26±1.22 to 3.71±1.32 mg/kg dry weight. Zn concentrations 

of female P. merguiensis varied from 2.31±1.05 to 3.64±1.38 mg/kg dry weight. The 

highest average Zn concentration of male P. merguiensis collected from Samut 

Sakhon was 3.71 mg/kg dry weight and the highest average Zn concentration of 

female P. merguiensis collected from Samut Songkhram was 3.64 mg/kg dry weight. 

Results from T-test for the medium size of P. merguiensis showed that Zn 

concentrations in both sexes were not significantly different in all provinces (Table 3 

in Appendix B). 

For the small size of P. merguiensis, Zn concentrations of male P. merguiensis 

varied from 2.62±1.07 to 3.50±1.10 mg/kg dry weight. Zn concentrations of female P. 

merguiensis varied from 2.53±1.19 to 3.39±1.32 mg/kg dry weight. The highest 

average Zn concentration of male P. merguiensis collected from Chanthaburi was 3.50 

mg/kg dry weight and the highest average Zn concentration of female P. merguiensis 

collected from Chon Buri was 3.39 mg/kg dry weight. Results from T-test for the 

small size of P. merguiensis showed that Zn concentrations in both sexes were not 

significantly different in all provinces (Table 3 in Appendix B). 

Comparison amongst the three areas of the Upper Gulf of Thailand is showed in 

Figure 4.14. For the Eastern Gulf of Thailand, the average Zn concentrations in the 

large, medium and small sizes of male and female P. merguiensis were as follows; 
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2.92±1.48, 3.42±1.81, 3.23±1.38, 3.03±1.25, 3.02±1.09 and 3.11±1.30 mg/kg dry 

weight, respectively. For the Central Gulf of Thailand, the average Zn concentrations 

in the large, medium and small sizes of male and female P. merguiensis were as 

follows; 3.18±1.62, 4.08±2.40, 3.42±1.44, 3.42±1.51, 2.79±1.23 and 2.82±1.27 mg/kg 

dry weight, respectively. For the Western Gulf of Thailand, the average Zn 

concentrations in the large, medium and small sizes of male and female P. merguiensis 

were as follows; 3.15±1.56, 4.33±2.59, 3.22±1.24, 3.33±1.48, 3.13±1.29 and 

3.30±1.48 mg/kg dry weight, respectively (Table 4 in Appendix B). Results from T-

test for the large, medium and small sizes of P. merguiensis showed that Zn 

concentrations in both sexes were not significantly different in the three areas. 
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Figure 4.13 Comparison of Zn concentrations of P. merguiensis between male and 

female collected from fresh markets of ten provinces of the Upper Gulf 
of Thailand 
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Figure 4.14 Comparison of Zn concentrations of P. merguiensis between male and 

female collected from the three areas of the Upper Gulf of Thailand  
 
 

4.4.3 Chromium (Cr) 

Chromium concentrations in the large size of P. merguiensis collected from fresh 

markets of ten provinces of the Gulf of Thailand are showed in Figure 4.15. In the 

study, samples of the small size from Bangkok and Rayong cannot be collected. Cr 

concentrations of male P. merguiensis varied from 32.10±19.16 to 1268.46±233.83 

µg/kg dry weight. Cr concentrations of female P. merguiensis varied from 

68.63±64.03 to 1355.45±241.10 µg/kg dry weight. The highest average Cr 

concentration of male P. merguiensis collected from Rayong was 1268.46 µg/kg dry 

weight and the highest average Cr concentration of female P. merguiensis collected 

from Rayong was 1355.45 µg/kg dry weight. Results from T-test for the large size of 

P. merguiensis showed that Cr concentrations in both sexes were significantly 

different only in Chanthaburi (Table 3 in Appendix B).  

For the medium size of P. merguiensis, Cr concentrations of male P. merguiensis 

varied from 11.15±4.77 to 1484.58±195.54 µg/kg dry weight. Cr concentrations of 

female P. merguiensis varied from 13.34±5.32 to 1338.37±74.85 µg/kg dry weight. 

The highest average Cr concentration of male P. merguiensis collected from Rayong 

was 1484.58 µg/kg dry weight and the highest average Cr concentration of female P. 
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merguiensis collected from Rayong was 1338.37 µg/kg dry weight. Results from T-

test for the medium size of P. merguiensis showed that Cr concentrations in both sexes 

were not significantly different in all provinces (Table 3 in Appendix B). 
For the small sizes of P. merguiensis, Cr concentrations of male P. merguiensis 

varied from 24.10±14.38 to 1381.61±224.97 µg/kg dry weight. Cr concentrations of 

female P. merguiensis varied from 28.55±19.75 to 1557.21±1007.34 µg/kg dry weight. 

The highest average Cr concentration of male P. merguiensis collected from Prachuap 

Khiri Khan was 1381.61 µg/kg dry weight and the highest average Cr concentration of 

female P. merguiensis collected from Trat was 1557.21 µg/kg dry weight. Results 

from T-test for the small size of P. merguiensis showed that Cr concentrations in both 

sexes were not significantly different in all provinces (Table 3 in Appendix B). 
Comparison amongst the three areas of the Upper Gulf of Thailand is showed in 

Figure 4.16. For the Eastern Gulf of Thailand, the average Cr concentrations in the 

large, medium and small sizes of male and female P. merguiensis were as follows; 

738.81±640.91, 537.52±669.08, 457.55±658.97, 501.45±774.17, 372.99±626.02 and 

565.47±933.66 µg/kg dry weight, respectively. For the Central Gulf of Thailand, the 

average Cr concentrations in the large, medium and small sizes of male and female P. 

merguiensis were as follows; 412.45±608.09, 428.63±647.19, 217.38±487.23, 

195.19±448.25, 578.58±799.01 and 669.22±805.35 µg/kg dry weight, respectively. 

For the Western Gulf of Thailand, the average Cr concentrations in the large, medium 

and small sizes of male and female P. merguiensis were as follows; 403.46±750.15, 

522.05±852.51, 29.38±25.98, 24.20±17.73, 673.33±703.05 and 707.94±735.09 µg/kg 

dry weight, respectively (Table 4 in Appendix B). Results from T-test for the large, 

medium and small sizes of P. merguiensis showed that Cr concentrations were not 

significantly different in the three areas. 
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Figure 4.15 Comparison of Cr concentrations of P. merguiensis between male and 

female collected from fresh markets of ten provinces of the Upper Gulf 
of Thailand  
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Figure 4.16 Comparison of Cr concentrations of P. merguiensis between male and 

female collected from the three areas of the Upper Gulf of Thailand  
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4.4.4 Lead (Pb) 

Lead concentrations in the large size of P. merguiensis collected from fresh 

markets of ten provinces of the Gulf of Thailand are showed in Figure 4.17. In the 

study, samples of the small size from Bangkok and Rayong cannot be collected. Pb 

concentrations of male P. merguiensis varied from 5.71±5.33 to 26.13±21.52 µg/kg 

dry weight. Pb concentrations of female P. merguiensis varied from 9.32±6.38 to 

24.32±22.67 µg/kg dry weight. The highest average Pb concentration of male P. 

merguiensis collected from Trat was 26.13 µg/kg dry weight and the highest average 

Pb concentration of female P. merguiensis collected from Chon Buri was 24.32 µg/kg 

dry weight. Results from T-test for the large size of P. merguiensis showed that Pb 

concentrations in both sexes were significantly different only in Chon Buri (Table 3 in 

Appendix B). 

For the medium size of P. merguiensis, Pb concentrations of male P. merguiensis 

varied from 2.86±3.78 to 72.47±15.25 µg/kg dry weight. Pb concentrations of female 

P. merguiensis varied from 5.94±4.01 to 77.24±10.73 µg/kg dry weight. The highest 

average Pb concentration of male P. merguiensis collected from Samut Sakhon was 

72.47µg/kg dry weight and the highest average Pb concentration of female P. 

merguiensis collected from Samut Songkhram was 77.24µg/kg dry weight. Results 

from T-test for the medium size of P. merguiensis showed that Pb concentrations in 

both sexes were significantly different only in Prachuap Khiri Khan and Samut 

Songkhram (Table 3 in Appendix B). 

For the small sizes of P. merguiensis, Pb concentrations of male P. merguiensis 

varied from 7.26±3.71 to 39.67±38.98 µg/kg dry weight. Pb concentrations of female 

P. merguiensis varied from 4.70±0.74 to 44.15±41.87 µg/kg dry weight. The highest 

average Pb concentration of male P. merguiensis collected from Samut Songkhram 

was 39.67µg/kg dry weight and the highest average Pb concentration of male P. 

merguiensis collected from Chanthaburi was 44.15 µg/kg dry weight. Results from T-

test for the small size of P. merguiensis showed that Pb concentrations in both sexes 

were not significantly different only in Chanthaburi (Table 3 in Appendix B). 

Comparison amongst the three areas of the Upper Gulf of Thailand is showed in 

Figure 4.18. For the Eastern Gulf of Thailand, the average Pb concentrations in the 

large, medium and small sizes of male and female P. merguiensis were as follows; 
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14.28±12.26, 15.23±14.73, 10.44±11.14, 13.28±34.34, 12.75±11.07 and 17.48±20.73 

µg/kg dry weight, respectively. For the Central Gulf of Thailand, the average Pb 

concentrations in the large, medium and small sizes of male and female P. merguiensis 

were as follows; 11.16±9.33, 14.39±12.01, 26.52±25.28, 27.81±30.57, 27.43±28.51 

and 21.41±28.84 µg/kg dry weight, respectively. For the Western Gulf of Thailand, 

the average Pb concentrations in the large, medium and small sizes of male and female 

P. merguiensis were as follows; 10.07±7.99, 9.58±6.91, 24.47±18.88, 16.42±14.79, 

23.11±19.27 and 13.63±5.38 µg/kg dry weight, respectively (Table 4 in Appendix B). 

Results from T-test for the large, medium and small sizes of P. merguiensis showed 

that Pb concentrations were not significantly different in the three areas. 
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Figure 4.17 Comparison of Pb concentrations of P. merguiensis between male and 

female collected from fresh markets of ten provinces of the Upper Gulf 
of Thailand  
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Figure 4.18 Comparison of Pb concentrations of P. merguiensis between male and 

female collected from the three areas of the Upper Gulf of Thailand  
4.4.5 Cadmium (Cd) 

Cadmium concentrations in the large sizes of P. merguiensis collected from fresh 

markets of ten provinces of the Gulf of Thailand are showed in Figure 4.19. In the 

study, samples of the small size from Bangkok and Rayong cannot be collected. Cd 

concentrations of male P. merguiensis varied from 0.42±0.35 to 27.00±35.83 µg/kg 

dry weight. Cd concentrations of female P. merguiensis varied from 0.31±0.05 to 

43.04±63.87 µg/kg dry weight. The highest average Cd concentration of male P. 

merguiensis collected from Samut Sakhon was 27.00 µg/kg dry weight and the highest 

average Cd concentration of female P. merguiensis collected from Phetchaburi was 

43.04 µg/kg dry weight. Results from T-test for the large size of P. merguiensis 

showed that Cd concentrations in both sexes were significantly different only in 

Chanthaburi and Phetchaburi (Table 3 in Appendix B). 

For the medium size of P. merguiensis, Cd concentrations of male P. 

merguiensis varied from 0.25±0.08 to 27.87±43.33 µg/kg dry weight (Figure 4.29). Cd 

concentrations of female P. merguiensis varied from 3.02±2.85 to 17.84±19.94 µg/kg 

dry weight. The highest average Cd concentration of male P. merguiensis collected 

from Bangkok was 27.87 µg/kg dry weight and the highest average Cd concentration 

of female P. merguiensis collected from Prachuap Khiri Khan was 17.84 µg/kg dry 
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weight. Results from T-test for the medium size of P. merguiensis showed that Cd 

concentrations in both sexes were not significantly different in all provinces (Table 3 

in Appendix B). 

For the small sizes of P. merguiensis, Cd concentrations of male P. merguiensis 

varied from 2.17±1.26 to 15.80±23.43 µg/kg dry weight. Cd concentrations of female 

P. merguiensis varied from 1.30±1.27 to 21.81±29.30 µg/kg dry weight. The highest 

average Cd concentration of male P. merguiensis collected from Chon Buri was 15.80 

µg/kg dry weight and the highest average Cd concentration of female P. merguiensis 

collected from Chon Buri was 21.81 µg/kg dry weight. Results from T-test for the 

small size of P. merguiensis showed that Cd concentrations in both sexes were not 

significantly different in all provinces (Table 3 in Appendix B). 

Comparison amongst the three areas of the Upper Gulf of Thailand is showed in 

Figure 4.20. For the Eastern Gulf of Thailand, the average Cd concentrations in the 

large, medium and small sizes of male and female P. merguiensis were as follows; 

3.67±4.93, 23.88±9.24, 8.02±14.49, 6.82±11.36, 11.21±18.44 and 14.68±24.55 µg/kg 

dry weight, respectively. For the Central Gulf of Thailand, the average Cd 

concentrations in the large, medium and small sizes of male and female P. merguiensis 

were as follows; 16.52±27.91, 19.10±28.98, 19.09±32.85, 10.87±18.82, 4.73±11.62 

and 5.71±13.26 µg/kg dry weight, respectively. For the Western Gulf of Thailand, the 

average Cd concentrations in the large, medium and small sizes of male and female P. 

merguiensis were as follows; 12.32±16.48, 32.49±52.72, 14.88±15.99, 12.56±14.88, 

8.80±8.29 and 5.50±6.59 µg/kg dry weight, respectively (Table 4 in Appendix B). 

Results from T-test for the large, medium and small sizes of P. merguiensis showed 

that Cd concentrations were significantly different.only for Cd concentrations of the 

large size of P. merguiensis in the Eastern and Western Gulf of Thailand. 
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Figure 4.19 Comparison of Cd concentrations of P. merguiensis size between male 

and female collected from fresh markets of ten provinces of the Upper 
Gulf of Thailand  
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Figure 4.20 Comparison of Cd concentrations of P. merguiensis between male and 

female collected from the three areas of the Upper Gulf of Thailand  
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4.4.6 Discussion and conclusion 

When comparing heavy metal concentrations between male and female of P. 

merguiensis from ten provinces, for the large size, Cd, Cr, Pb and Zn concentrations 

were significantly different only in some provinces (for Cd in Chanthaburi and 

Phetchaburi; Cr in Chantaburi, Pb in Chon Buri and Zn in Prachuap Khiri Khan, 

Samut Prakan and Samut Songkhram) whereas Cu concentration was not significantly 

different in all provinces. For the medium size, Pb concentrations were significantly 

different only in Prachuap Khiri Khan and Samut Songkhram whereas Cd, Cr, Cu and 

Zn concentrations were not significantly different in all provinces. Again, for the small 

size, Pb concentration was significantly different (for Pb in Chanthaburi) whereas Cd, 

Cr, Cu and Zn concentrations were not significantly different in all provinces. The 

results suggested the existence of sex-dependent Pb accumulation in all sizes and the 

sex-dependent metal accumulation in of P. merguiensis depended on size as well.  

Comparison of heavy metal concentrations between male and female in the large 

size of P. merguiensis from Chanthaburi and Phetchaburi, Cd concentrations in both 

male and female were significantly different and Zn concentrations in the large size 

from Prachuap Khiri Khan, Samut Prakan and Samut Songkhram were significantly 

different. The results showed that Cd and Zn concentrations in male were higher than 

in female and vice versa for Cr. The results were in agreement with those obtained by 

previous studies. Paez-Osuna and Tron-Mayen (1996) reported that in both wild and 

farmed Penaeus vannamei, the gills in males consistently had higher Cu 

concentrations than in female. Also for Cd concentrations, they reported the 

hepatopancreas in male consistently had higher Cd concentrations than in female of 

farmed P. vannamei. Also, highly significant differences between the sexes in Cu and 

Zn concentration of P. merguiensis and P. semisulcatus could be detected.The The 

differences between the sexes in Cu and Zn concentration were significantly greater in 

P. semisulcatus (Pourang and Dennis 2005). Cu concentrations in male were 

significantly higher than female and the reverse case observed for Zn (Pourang et al. 

2005). 

Pb concentrations in male were close to those in female except for the large and 

small sizes of P. merguiensis collected from Chanthaburi and Samut Songkhram, Pb 
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concentrations in female were higher levels than in male and vice versa for the 

medium size collected Prachuap Khiri Khan.  

 

4.5 Heavy metal concentrations in cephalothorax and abdomen of  
 P. merguiensis 

 
4.5.1 Copper (Cu) 

4.5.1.1 Male  

Copper concentrations in cephalothorax of the large male P. merguiensis varied 

from 3.10±0.19 to 7.92±1.05 mg/kg dry weight with the highest average Cu 

concentration of 7.92 mg/kg dry weight. Cu concentrations in abdomen of the large 

male P. merguiensis varied from 0.08±0.05 to 0.86±0.03 mg/kg dry weight with the 

highest average Cu concentration of 0.86 mg/kg dry weight (Figure 4.21).  

Copper concentrations in cephalothorax of the medium male P. merguiensis 

varied from 1.17±0.15 to 9.67±8.09 mg/kg dry weight with the highest average Cu 

concentration of 9.67 mg/kg dry weight. Cu concentrations in abdomen of the medium 

male P. merguiensis varied from 0.20±0.02 to 0.89±0.07 mg/kg dry weight with the 

highest average Cu concentration of 2.42 mg/kg dry weight (Figure 4.21).  

Copper concentrations in cephalothorax of the small male P. merguiensis varied 

from 0.43±0.08 to 10.65±8.40 mg/kg dry weight with the highest average Cu 

concentration of 10.65 mg/kg dry weight. Cu concentration in abdomen of the small 

male P. merguiensis varied from 0.13±0.01 to 0.59±0.39 mg/kg dry weight with the 

highest average Cu concentration of 0.59 mg/kg dry weight (Figure 4.21). 
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Figure 4.21 Comparison of Cu concentrations between cephalothorax and abdomen in 

male P. merguiensis  

 
 
4.5.1.2 Female  

Copper concentrations in cephalothorax of the large female P. merguiensis 

varied from 3.64±3.20 to 7.91±1.71 mg/kg dry weight with the highest avearge Cu 

concentration of 7.91 mg/kg dry weight. Cu concentrations in abdomen of the large 

female P. merguiensis varied from 0.17±0.04 to 2.06±2.47 mg/kg dry weight with the 

highest average Cu concentration of 2.06 mg/kg dry weight (Figure 4.22). 

Copper concentrations in cephalothorax of the medium female P. merguiensis 

varied from 0.98±0.12 to 6.23±7.04 mg/kg dry weight with the highest average Cu 

concentration of 6.23 mg/kg dry weight. Cu concentrations in abdomen of the large 

female P. merguiensis varied from 0.13±0.03 to 1.83±4.73 mg/kg dry weight with the 

highest average Cu concentration of 1.83 mg/kg dry weight (Figure 4.22). 

Copper concentrations in cephalothorax of the small female P. merguiensis 

varied from 0.33±0.01 to 11.49±8.69 mg/kg dry weight with the highest average Cu 

concentration of 11.49 mg/kg dry weight. Cu concentration in abdomen of the small 
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female P. merguiensis varied from 0.10±0.01 to 0.80±1.59 mg/kg dry weight with the 

highest average Cu concentration of 0.80 mg/kg dry weight (Figure 4.22). 
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Figure 4.22 Comparison of Cu concentrations between cephalothorax and abdomen in 

the female P. merguiensis  
 

Independent sample T-test was used for testing the difference of Cu 

concentrations between cephalothorax and abdomen. Results from T-test for the large 

male (Table 5 in Appendix B) and female (Table 6 in Appendix B) P. merguiensis 

showed that Cu concentrations were significantly different. T-test for the medium 

male (Table 5 in Appendix B) and female (Table 6 in Appendix B) P. merguiensis 

showed that Cu concentrations were significantly different except Cu concentrations in 

medium female of Samut Songkhram were not significantly different. T-test for the 

small male (Table 5 in Appendix B) and female (Table 6 in Appendix B) P. 

merguiensis showed that Cu concentrations were significantly different.  
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4.5.2 Zinc (Zn) 

4.5.2.1 Male  

Zinc concentrations in cephalothorax of the large male P. merguiensis varied 

from 3.71±0.39 to 4.90±0.89 mg/kg dry weight with the highest average Zn 

concentration of 4.90 mg/kg dry weight. Zn concentrations in abdomen of the large 

male P. merguiensis varied from 1.21±0.13 to 1.87±0.43 mg/kg dry weight with the 

highest average Zn concentration of 1.87 mg/kg dry weight (Figure 4.23). 

Zinc concentrations in cephalothorax of the medium male P. merguiensis varied 

from 3.25±1.63 to 5.02±0.14 mg/kg dry weight with the highest average Zn 

concentration of 5.02mg/kg dry weight. Zn concentrations in abdomen of the medium 

male P. merguiensis varied from 1.60±0.11 to 2.49±0.05 mg/kg dry weight with the 

highest average Zn concentration of 2.49 mg/kg dry weight (Figure 4.23). 

Zinc concentrations in cephalothorax of the small male P. merguiensis varied 

from 3.46±0.42 to 4.25±0.54 mg/kg dry weight with the highest average Zn 

concentration of 4.25 mg/kg dry weight. Zn concentrations in abdomen of the small 

male P. merguiensis varied from 1.64±0.28 to 2.22±0.79 mg/kg dry weight with the 

highest average Zn concentration of 2.22 mg/kg dry weight (Figure 4.23). 
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Figure 4.23 Comparison of Zn concentrations between cephalothorax and abdomen in 

the male P. merguiensis  
 

 
4.5.2.2 Female  

Zinc concentrations in cephalothorax of the large female P. merguiensis varied 

from 4.64±1.39 to 6.76±1.18 mg/kg dry weight with the highest average Zn 

concentration of 6.76 mg/kg dry weight. Zn concentration in abdomen of the large 

female P. merguiensis varied from 1.50±0.09 to 2.10±0.37 mg/kg dry weight with the 

highest average Zn concentration of 2.10 mg/kg dry weight (Figure 4.24). 

Zinc concentrations in cephalothorax of the medium female P. merguiensis 

varied from 3.47±0.06 to 4.96±0.69 mg/kg dry weight with the highest average Zn 

concentration of 4.96 mg/kg dry weight. Zn concentrations in abdomen of the medium 

female P. merguiensis varied from 1.54±0.05 to 2.45±0.05 mg/kg dry weight with the 

highest average Zn concentrations of 2.45mg/kg dry weight (Figure 4.24). 

Zinc concentrations in cephalothoraxes of the small female P. merguiensis varied 

from 3.31±0.77 to 4.64±0.43 mg/kg dry weight with the highest average Zn 

concentration of 4.64 mg/kg dry weight. Zn concentrations in abdomen of the small 
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female P. merguiensis varied from 1.37±0.07 to 2.23±0.88 mg/kg dry weight with the 

highest average Zn concentrations of 2.23 mg/kg dry weight (Figure 4.24). 
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Figure 4.24 Comparison of Zn concentrations between cephalothorax and abdomen in 

the female P. merguiensis  
 

Results from T-test for the large male (Table 5 in Appendix B) and female 

(Table 6 in Appendix B) P. merguiensis showed that Zn concentrations were 

significantly different. T-test for the medium male (Table 5 in Appendix B) and 

female (Table 6 in Appendix B) P. merguiensis showed that Zn concentrations were 

significantly different. T-test for the small male (Table 5 in Appendix B) and female 

(Table 6 in Appendix B) P. merguiensis showed that Zn concentrations were 

significantly different. 
 

4.5.3 Chromium (Cr) 

4.5.3.1 Male  

Chromium concentrations in cephalothorax of the large male P. merguiensis 

varied from 37.17±20.99 to 1479.70±51.02 µg/kg dry weight with the highest average 

Cr concentration of 1479.70 µg/kg dry weight. Cr concentrations in abdomen of the 



Satita Kanongdech Results and Discussion / 78 

large male P. merguiensis varied from 25.69±28.54 to 1023.48±23.23 µg/kg dry 

weight with the highest average Cr concentration of 1023.48 µg/kg dry weight (Figure 

4.25). 

Chromium concentrations in cephalothorax of the medium male P. merguiensis 

varied from 14.60±4.03 to 1660.39±47.98 µg/kg dry weight with the highest average 

Cr concentration of 1660.39 µg/kg dry weight. Cr concentrations in abdomen of the 

medium male P. merguiensis varied from 7.71±2.31 to 1308.78±23.96 µg/kg dry 

weight with the highest average Cr concentration of 1308.78 µg/kg dry weight (Figure 

4.25). 

Chromium concentrations in cephalothorax of the small male P. merguiensis 

varied from 28.99±12.93 to 1585.92±31.87 µg/kg dry weight with the highest average 

Cr concentration of 1585.92 µg/kg dry weight. Cr concentrations in abdomen of the 

small male P. merguiensis varied from 9.45±0.00 to 1177.30±17.05 µg/kg dry weight 

with the highest average Cr concentration of 1177.30 µg/kg dry weight (Figure 4.25). 
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Figure 4.25 Comparison of Cr concentrations between cephalothorax and abdomen in 

the male P. merguiensis  
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4.5.3.2 Female  

Chromium concentrations in cephalothorax of the large female P. merguiensis 

varied from 76.02±75.96 to 1574.19±22.35 µg/kg dry weight with the highest average 

Cr concentration of 1574.19 µg/kg dry weight. Cr concentrations in abdomen of the 

large female P. merguiensis 29.82±33.95 to 1136.71±35.79 µg/kg dry weight with the 

highest average Cr concentration of 1136.71 µg/kg dry weight (Figure 4.26). 

Chromium concentrations in cephalothorax of the medium female P. 

merguiensis varied from 15.32±2.60 to 1405.78±16.25µg/kg dry weight with the 

highest average Cr concentration of 1405.78 µg/kg dry weight. Cr concentrations in 

abdomen of the medium female P. merguiensis varied from 711.37±6.87 to 

1270.96±10.47 µg/kg dry weight with the highest average Cr concentration of 1270.96 

µg/kg dry weight (Figure 4.26). 

Chromium concentrations in cephalothorax of the small female P. merguiensis 

varied from 32.26±22.52 to 1609.78±9.66 µg/kg dry weight with the highest average 

Cr concentration of 1609.78 µg/kg dry weight. Cr concentrations in abdomen of the 

small female P. merguiensis varied from 24.10±17.20 to 1304.16±869.39 µg/kg dry 

weight with the highest average Cr concentration of 1304.16 µg/kg dry weight (Figure 

4.26). 
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Figure 4.26 Comparison of Cr concentrations between cephalothorax and abdomen in 

the female P. merguiensis 

 

Results from T-test for the large male P. merguiensis showed that Cr 

concentrations between cephalothorax and abdomen were not significantly different 

except Cr concentrations in Trat and Rayong (Table 5 in Appendix B). The results of 

the large female P. merguiensis showed that Cr concentrations between cephalothorax 

and abdomen were not significantly different except Cr concentrations in Rayong 

(Table 6 in Appendix B). Results from T-test for the medium male (Table 5 in 

Appendix B) and female (Table 6 in Appendix B) P. merguiensis showed that Cr 

concentrations between cephalothorax and abdomen were not significantly different 

except Cr concentrations in Rayong. Results from T-test for the small male (Table 5 in 

Appendix B) and female (Table 6 in Appendix B) P. merguiensis showed that Cr 

concentrations between cephalothorax and abdomen were not significantly different 

except Cr concentrations Prachuap Khiri Khan. 
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4.5.4 Lead (Pb) 

4.5.4.1 Male  

Lead concentrations in cephalothorax of the large male P. merguiensis varied 

from 6.54±1.02 to 36.26±17.60 µg/kg dry weight with the highest average Pb 

concentration of 36.26 µg/kg dry weight. Pb concentrations in abdomen of the large 

male P. merguiensis varied from 3.41±2.78 to 16.41±0.00 µg/kg dry weight with the 

highest average Pb concentration of 16.41 µg/kg dry weight (Figure 4.27). 

Lead concentrations in cephalothorax of the medium male P. merguiensis varied 

from 4.73±1.78 to 71.36±21.22 µg/kg dry weight with the highest average Pb 

concentration of 71.36 µg/kg dry weight. Pb concentrations in abdomen of the 

medium male P. merguiensis varied from 1.05±0.98 to 73.95±4.10 µg/kg dry weight 

with the highest average Pb concentrations of 73.95 µg/kg dry weight (Figure 4.27). 

Lead concentration in cephalothorax of the small male P. merguiensis varied 

from 8.92±0.93 to 50.49±42.79 µg/kg dry weight with the highest average Pb 

concentration of 50.49 µg/kg dry weight. Pb concentrations in abdomen of the small 

male P. merguiensis varied from 5.20±0.00 to 28.86±34.02 µg/kg dry weight with the 

highest average Pb concentration of 28.86 µg/kg dry weight (Figure 4.27). 
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Figure 4.27 Comparison of Pb concentrations between cephalothorax and abdomen in 

the male P. merguiensis  
 
4.5.4.2 Female  

Lead concentrations in cephalothorax of the large female P. merguiensis varied 

from 4.42±0.68 to 35.95±21.10 µg/kg dry weight with the highest average Pb 

concentration of 35.95 µg/kg dry weight. Pb concentrations in abdomen of the large 

female P. merguiensis varied from 4.55±2.10 to 13.40±2.17 µg/kg dry weight with the 

highest average Pb concentration of 13.40 µg/kg dry weight (Figure 4.28). 

Lead concentrations in cephalothorax of the medium female P. merguiensis 

varied from 7.66±4.60 to 87.14±1.34 µg/kg dry weight with the highest average Pb 

concentration of 87.14 µg/kg dry weight. Pb concentrations in abdomen of the 

medium female P. merguiensis varied from 0.75±0.00 to 67.96±0.71 µg/kg dry weight 

with the highest average Pb concentration of 67.96 µg/kg dry weight (Figure 4.28). 

Lead concentrations in cephalothorax of the small female P. merguiensis varied 

from 5.20±0.32 to 45.83±51.77 µg/kg dry weight with the highest average Pb 

concentration of 45.83 µg/kg dry weight. Pb concentrations in abdomen of the small 
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male P. merguiensis varied from 3.82±3.31 to 80.34±4.64 µg/kg dry weight with the 

highest average Pb concentration of 80.34 µg/kg dry weight (Figure 4.28). 
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Figure 4.28 Comparison of Pb concentrations between cephalothorax and abdomen in 

the female P. merguiensis  
 

Results from T-test for the large male P. merguiensis showed that Pb 

concentrations between cephalothorax and abdomens were not significantly different 

in Bangkok, Chanthaburi, Chon Buri, Phetchaburi, Samut Prakan, Samut Songkhram 

and Trat except Prachuap Khiri Khan, Rayong and Samut Sakhon (Table 5 in 

Appendix B). The results of the large female P. merguiensis showed that Pb 

concentrations were not significantly different in Bangkok, Chon Buri, Phetchaburi, 

Prachuap Khiri Khan, Samut Prakan, Samut Sakhon and Samut Songkhram except Pb 

concentrations were significantly different in Chanthaburi, Rayong and Trat (Table 6 

in Appendix B). Results from T-test for the medium male P. merguiensis showed that 

Pb concentrations were not significantly different in Chanthaburi, Chon Buri, Rayong, 

Samut Prakan, Samut Sakhon, Samut Songkhram and Trat except Pb concentrations 

were significantly different in Bangkok, Phetchaburi and Prachuap Khiri Khan (Table 

5 in Appendix B). Results from T-test for the medium female P. merguiensis showed 
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that Pb concentrations were not significantly different in Bangkok, Chanthaburi, Chon 

Buri, Rayong, and Trat except Pb concentrations were significantly different in 

Phetchaburi, Prachuap Khiri Khan, Samut Prakan, Samut Sakhon and Samut 

Songkhram (Table 6 in Appendix B). Results from T-test for the small male P. 

merguiensis showed that Pb concentrations were not significantly different except 

Chanthaburi, Chon Buri, Samut Prakan, Samut Sakhon, Samut Songkhram and Trat 

(Table 5 in Appendix B). Results from T-test for the small female P. merguiensis 

showed that Pb concentrations were significantly different (Table 6 in Appendix B). 

 

4.5.5 Cadmium (Cd) 

4.5.5.1 Male  

Cadmium concentrations in cephalothorax of the large male P. merguiensis 

varied from 0.66±0.55 to 45.66±35.24 µg/kg dry weight with the highest average Cd 

concentration of 45.66 µg/kg dry weight. Cd concentrations in abdomen of the large 

male P. merguiensis varied from 0.16±0.01 to 1.36±0.92 µg/kg dry weight with the 

highest average Cd concentration of 1.36 µg/kg dry weight (Figure 4.29). 

Cadmium concentrations in cephalothorax of the medium male P. merguiensis 

varied from 0.22±0.09 to 45.60±49.00 µg/kg dry weight with the highest average Cd 

concentration of 45.60 µg/kg dry weight. Cd concentrations in abdomen of the 

medium male P. merguiensis varied from 0.27±0.08 to 5.03±11.73 µg/kg dry weight 

with the highest average Cd concentration of 5.03 µg/kg dry weight (Figure 4.29). 

Cadmium concentrations in cephalothorax of the small male P. merguiensis 

varied from 2.79±0.35 to 26.97±27.18 µg/kg dry weight with the highest average Cd 

concentration of Cd at 26.97 µg/kg dry weight. Cd concentrations in abdomen of the 

small male P. merguiensis varied from 0.29±0.31 to 6.18±5.38 µg/kg dry weight with 

the highest average Cd concentration of 6.18 µg/kg dry weight (Figure 4.29). 
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Figure 4.29 Comparison of Cd concentrations between cephalothorax and abdomen in 

the male P. merguiensis  
 
4.5.5.2 Female  

Cadmium concentrations in cephalothorax of the large female P. merguiensis 

varied from 0.33±0.07 to 72.05±71.57 µg/kg dry weight with the highest average Cd 

concentration of 72.05 µg/kg dry weight. Cd concentrations in abdomen of the large 

female P. merguiensis varied from 0.29±0.01 to 10.85±25.44 µg/kg dry weight with 

the highest average Cd concentration of 10.85 µg/kg dry weight (Figure 4.30). 

Cadmium concentrations in cephalothorax of the medium female P. merguiensis 

varied from 38.62±35.70 µg/kg dry weight with the highest average Cd concentration 

of 38.62 µg/kg dry weight. Cd concentrations in abdomen of the medium female P. 

merguiensis varied from 1.65±0.74µg/kg dry weight with the highest average Cd 

concentration of 1.65 µg/kg dry weight (Figure 4.30). 

Cadmium concentrations in cephalothorax of the small female P. merguiensis 

varied from 2.41±0.00 to 30.97±33.10 µg/kg dry weight with the highest average Cd 

concentration of 30.97 µg/kg dry weight. Cd concentrations in abdomen of the small 

female P. merguiensis varied from 0.20±0.01 to 3.51±0.76 µg/kg dry weight with the 

highest average Cd concentration of 3.51 µg/kg dry weight (Figure 4.30). 
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Figure 4.30 Comparison of Cd concentrations between cephalothorax and abdomen in 

the female P. merguiensis  
 

Results from T-test for the large male P. merguiensis showed that Cd 

concentrations between cephalothorax and abdomen were not significantly different 

except Bangkok, Chanthaburi, Chon Buri, Phetchaburi, Samut Prakan and Trat (Table 

5 in Appendix B). The results of the large female P. merguiensis showed that Cd 

concentrations were not significantly different while Cd concentrations were 

significantly different except Bangkok, Chanthaburi, Chon Buri, Prachuap Khiri Khan, 

Samut Prakan and Trat (Table 6 in Appendix B). Results from T-test for the medium 

male P. merguiensis showed that Cd concentrations were not significantly different 

except Bangkok, Chanthaburi, Prachuap Khiri Khan, Samut Prakan, Samut 

Songkhram, Samut Sakhon and Trat (Table 5 in Appendix B). Results from T-test for 

the medium female P. merguiensis showed that Cd concentrations were significantly 

different except Cd concentrations in Samut Prakan (Table 6 in Appendix B). Results 

from T-test for the small male P. merguiensis showed that Cd concentrations were not 

significantly different except Chon Buri, Chanthaburi, Phetchaburi, Prachuap Khiri 

Khan, Samut Prakan, Samut Songkhram, Samut Sakhon and Trat (Table 5 in 
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Appendix B). Results from T-test for the small female P. merguiensis showed that Cd 

concentrations were not significantly different except Chon Buri, Chanthaburi, 

Phetchaburi, Prachuap Khiri Khan, Samut Prakan, Samut Songkhram, Samut Sakhon 

and Trat (Table 6 in Appendix B).  

 
4.5.6 Discussion and conclusion 

For heavy metal concentrations in cephalothorax and abdomen of P. merguiensis 

from fresh markets of ten provinces, the highest Cd, Cr, Cu, Pb and Zn concentrations 

of 0.07, 1.81, 11.49, 0.08 and 6.76 mg/kg dry weight were found in cephalothorax 

from Phetchaburi, Trat, Chon Buri, Samut Sakhon and Bangkok, respectively. When 

comparing heavy metal concentrations between cephalothorax and abdomen of P. 

merguiensis from ten provinces; for the large sizes, Cu and Zn concentrations were 

significantly different in all provinces; for the medium size, Zn concentration was 

significantly different in all provinces and for the small size, Cd and Zn concentrations 

were significantly different in all provinces. It was clear that there were significantly 

different in Zn concentrations between cephalothorax and abdomen in all sizes of P. 

merguiensis while for the other heavy metals, i.e. Cd and Cu, there were significantly 

different in some sizes only. However, the results suggested that heavy metal 

concentrations in cephalothorax were higher than those in abdomen.  

Results of most heavy metal concentrations of both sexes were found higher in 

cephalothorax than those in abdomen for both sexes. As suggested by previous studies, 

higher metal concentrations might be caused from the different composition of organs 

in cephalothorax and abdomen, their efficiency in accumulating metal during intake of 

food and then subsequent digestion and age of prawns. Wanpen (2000) reported that 

heavy metals i.e. Cd, Cu, Cr, Fe, Mn, Ni, Pb and Zn determined were accumulated 

much higher in cephalothorax than in abdomen of Penaeus monodon and the amounts 

of the heavy metals found in the cephalothorax generally increased with age of the 

prawns. Also Hossain (2001) reported that concentrations of metals (Cu, Pb, Zn, Ni, 

Cd, Fe and Cr) in the muscle tissue (abdomen) were found lower than those in the 

cephalothorax of P. monodon and Panulirus poplyphagus (Spiny lobster).  

When comparing heavy metal concentrations between cephalothorax and 

abdomen of both sexes of P. merguiensis from ten provinces, for the large size, Cu and 
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Zn concentrations were significantly different in all provinces whereas Cd, Cr and Pb 

concentrations were significantly different in some provinces (Cu concentrations in 

male P. merguiensis collected from Bangkok, Chanthaburi, Chon Buri, Phetchaburi, 

Samut Prakan and Trat and in female collected from Bangkok, Chanthaburi, Chon 

Buri, Phetchaburi, Prachuap Khiri Khan, Samut Prakan and Trat; Cr concentrations in 

male P. merguiensis collected from Rayong and Trat and in female collected from 

Rayong; Pb concentrations in male P. merguiensis collected from Prachuap Khiri 

Khan, Rayong and Samut Sakhon and in female collected from Chanthaburi, Rayong 

and Trat). For the medium size, Zn concentrations of both sexes and Cd concentrations 

of female were significantly different between cephalothorax and abdomen in all 

provinces whereas Cd, Cr, Cu and Pb concentrations were significantly different in 

some provinces (Cd concentrations in male P. merguiensis collected from Bangkok, 

Chanthaburi, Prachuap Khiri Khan, Samut Prakan, Samut Songkhram, Samut Sakhon 

and Trat; Cr concentrations in male and female collected from Rayong; Pb 

concentrations in male collected from Bangkok, Phetchaburi and Prachuap Khiri Khan 

and in female collected from Phetchaburi, Prachuap Khiri Khan, Samut Prakan, Samut 

Sakhon and Samut Songkhram. Again, for the small size, Cd, Cu and Zn 

concentrations of both sexes and Pb concentrations of female were significantly 

different in all provinces whereas Cr and Pb were significantly different in some 

provinces (Cr concentrations in male and female collected from Prachuap Khiri Khan; 

Pb concentrations in male collected from Chanthaburi, Chon Buri, Samut Prakan, 

Samut Sakhon, Samut Songkhram and Trat). 

 

4.6 Heavy metal concentrations of P. merguiensis in the rainy and 
cold seasons 

 
4.6.1 Copper (Cu) 

Copper concentrations in the large P. merguiensis collected from fresh markets 

of ten provinces are showed in Figure 4.31. Cu concentrations varied from 0.90±0.88 

to 4.62±4.02 and 0.91±0.52 to 3.55±3.08 mg/kg dry weight in the rainy and cold 

seasons, respectively. Results from T-test for the large P. merguiensis showed that Cu 

concentrations between the rainy and cold seasons were not significantly different 

except Cu concentrations in Chanthaburi and Prachuap Khiri Khan. Owing that P. 
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merguiensis samples cannot be collected in the cold season from Rayong and Samut 

Songkhram therefore the test was not carried out for the two provinces (Table 7 in 

Appendix B).  

For the medium P. merguiensis, Cu concentrations varied from 0.78±0.84 to 

4.32±6.96 and 0.79±0.51 to 3.09±3.16 mg/kg dry weight in the rainy and cold seasons, 

respectively. Results from T-test for the medium P. merguiensis showed that Cu 

concentrations between the rainy and cold seasons were not significantly different in 

Bangkok, Phetchaburi, and Samut Prakan while Cu concentrations were significantly 

different in Trat. Owing that P. merguiensis samples cannot be collected in the cold 

season in Chanthaburi, Chon Buri, Rayong, Samut Sakhon and Samut Songkhram and 

in the rainy season in Prachuap Khiri Khan therefore the analysis was not carried out 

for those provinces (Table 7 in Appendix B). 

For the small P. merguiensis, Cu concentrations varied from 0.28±0.15 to 

6.03±7.86 and 2.96±2.69 to 5.23±5.11 mg/kg dry weight in the rainy and cold seasons, 

respectively. Results from T-test for the small P. merguiensis showed that Cu 

concentrations between the rainy and cold seasons were significantly different in 

Samut Prakan, Samut Sakhon and Trat. Owing that P. merguiensis samples cannot be 

collected in the cold season in Chanthaburi, Chon Buri, Phetchaburi, Prachuap Khiri 

Khan and Samut Songkhram and in both seasons in Bangkok and Rayong therefore 

the analysis was not carried out for those provinces (Table 7 in Appendix B).  

Comparison of Cu concentrations in P. merguiensis samples between the rainy 

and cold seasons is showed in Figure 4.32. For the Eastern Gulf of Thailand, the 

average Cu concentrations of the large, medium and small P. merguiensis samples 

were 2.17±2.78, 2.49±4.33 and 3.42±6.28 and mg/kg dry weight, respectively in the 

rainy season and 3.37±3.00, 3.08±3.16 and 2.96±2.69 mg/kg dry weight, respectively 

in the cold season. For the Central Gulf of Thailand, the average Cu concentrations of 

the large, medium and small P. merguiensis were 2.63±2.44, 2.41±4.30 and 1.71±1.78 

mg/kg dry weight, respectively in the rainy season and 2.67±2.47, 0.95±0.71, and 

4.76±4.51 mg/kg dry weight, respectively in the cold season. For the Western Gulf of 

Thailand, the average Cu concentrations of the large, medium and small P. 

merguiensis were 3.14±3.39, 1.73±1.03 and 4.45±6.78 mg/kg dry weight, respectively 

in the rainy season and those of the large and medium P. merguiensis were 1.97±1.90 
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and 1.09±0.86 mg/kg dry weight, respectively (Table 8 in Appendix B). Results from 

T-test for the large P. merguiensis showed that Cu concentrations were not 

significantly different in the three areas of the Upper Gulf of Thailand. However for 

the medium P. merguiensis, Cu concentrations were significantly different in the 

Central and Western Gulf of Thailand. For the small P. merguiensis, Cu 

concentrations were significantly different in the Central Gulf of Thailand.  
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Figure 4.31 Comparison of Cu concentrations between the rainy and cold seasons of P. 

merguiensis collected from fresh markets of ten provinces of the Upper 
Gulf of Thailand 
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Figure 4.32 Comparison of Cu concentrations between the rainy and cold seasons of P. 

merguiensis collected from the three areas of the Upper Gulf of Thailand 
 
4.6.2 Zinc (Zn) 

Zinc concentrations in the large P. merguiensis collected from fresh markets of 

ten provinces are showed in Figure 4.33. Zn concentrations varied from 2.58±1.23 to 

4.13±2.88 and 3.30±1.69 to 3.95±2.31 mg/kg dry weight in the rainy and cold seasons. 

Results from T-test for the large P. merguiensis showed that Zn concentrations 

between the rainy and cold seasons were not significantly different in Bangkok, 

Chanthaburi, Chon Buri, Phetchaburi, Prachuap Khiri Khan, Samut Prakan, Samut 

Sakhon and Trat. Owing that P. merguiensis samples cannot be collected in the cold 

season in Rayong and Samut Songkhram therefore the analysis was not carried out for 

the two provinces (Table 7 Appendix B).  

For the medium P. merguiensis, Zn concentrations varied from 2.29±1.08 to 

3.58±1.18 and 2.96±1.00 to 4.20±2.02 mg/kg dry weight in the rainy and cold seasons. 

Results from T-test for the medium P. merguiensis showed that Zn concentrations 

between the rainy and cold seasons were not significantly different in Phetchaburi, 

Samut Prakan and Trat while Zn concentrations were significantly different in 

Bangkok. Owing that P. merguiensis samples cannot be collected in the cold season in 

Chanthaburi, Chon Buri, Rayong, Samut Sakhon and Samut Songkhram and in the 

rainy season in Prachuap Khiri Khan therefore the analysis was not carried out for 

those provinces (Table 7 in Appendix B).  
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For the small P. merguiensis, Zn concentrations varied from 2.46±1.03 to 

3.36±1.22 and 2.92±1.26 to 3.52±1.60 mg/kg dry weight in the rainy and cold seasons, 

respectively. Results from T-test for the small P. merguiensis showed that Zn 

concentrations between the rainy and cold seasons were not significantly different in 

Samut Prakan, Samut Sakhon and Trat. Owing that P. merguiensis samples cannot be 

collected in the cold season in Chanthaburi, Chon Buri, Phetchaburi, Prachuap Khiri 

Khan and Samut Songkhram and in both seasons in Bangkok and Rayong therefore 

the analysis was not carried out for those provinces (Table 7 in Appendix B).  

Comparison of Zn concentrations in P. merguiensis samples between the rainy 

and cold seasons is showed in Figure 4.34. For the Eastern Gulf of Thailand, the 

average Zn concentrations of the large, medium and small P. merguiensis samples 

were 2.91±1.49, 3.15±1.35 and 3.11±1.18 mg/kg dry weight, respectively in the rainy 

season and 3.57±1.85, 2.96±0.99, and 2.92±1.26 mg/kg dry weight, respectively in the 

cold season. For the Central Gulf of Thailand, the average Zn concentrations of the 

large, medium and small P. merguiensis were 3.46±2.01, 3.18±1.23 and 2.68±1.17 

mg/kg dry weight, respectively in the rainy season and 3.94±2.21, 4.15±1.86, and 

3.27±1.43 mg/kg dry weight, respectively in the cold season. For the Western Gulf of 

Thailand, the average Zn concentrations of the large, medium and small P. 

merguiensis were 3.87±2.37, 3.54±1.65 and 3.21±1.35 mg/kg dry weight, respectively 

in the rainy season and those of the large and medium P. merguiensis were 3.59±2.01 

and 3.16±1.21 mg/kg dry weight, respectively in the cold season (Table 8 in Appendix 

B). Results from T-test for the large, medium and small P. merguiensis showed that 

Zn concentrations between the rainy and cold seasons were not significantly different 

in the three areas of the Gulf of Thailand. 
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Figure 4.33 Comparison of Zn concentrations between the rainy and cold seasons of P. 

merguiensis collected from fresh markets of ten provinces of the Upper 
Gulf of Thailand 
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Figure 4.34 Comparison of Zn concentrations between the rainy and cold seasons of P. 

merguiensis collected from the three areas of the Upper Gulf of Thailand 
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4.6.3 Chromium (Cr) 

Chromium concentrations in the large P. merguiensis collected from fresh 

markets of ten provinces are showed in Figure 4.35. Cr concentrations varied from 

73.50±34.91 to 1463.79±240.94 and .92±4.16 to 47.55±11.65 µg/kg dry weight in the 

rainy and cold seasons Results from T-test for the large P. merguiensis showed that Cr 

concentrations between the rainy and cold seasons were significantly different in 

Bangkok, Chanthaburi, Chon Buri, Phetchaburi, Samut Prakan, Samut Sakhon and 

Trat while Cr concentrations were not significantly different in Prachuap Khiri Khan. 

Owing that P. merguiensis samples cannot be collected in the cold season in Rayong 

and Samut Songkhram therefore the analysis was not carried out for the two provinces 

(Table 7 in Appendix B).  

For the medium P. merguiensis, Cr concentrations varied from 12.25±5.04 to 

1411.48±160.49 and 6.69±2.99 to 35.42±6.50 µg/kg dry weight in the rainy and cold 

seasons. Results from T-test for the medium P. merguiensis showed that Cr 

concentrations between the rainy and cold seasons were not significantly different in 

Phetchaburi while Cr concentrations were significantly different in Bangkok, Samut 

Prakan and Trat. Owing that P. merguiensis samples cannot be collected in the cold 

season in Chanthaburi, Chon Buri, Rayong, Samut Sakhon and Samut Songkhram and 

in the rainy season in Prachuap Khiri Khan therefore the analysis was not carried out 

for those provinces (Table 7 in Appendix B).  

For the small P. merguiensis, Cr concentrations varied from 28.94±19.16 to 

1747.31±447.37 and 4.54±4.51 to 42.10±11.60 µg/kg dry weight in the rainy and cold. 

Results from T-test for the small P. merguiensis showed that Cr concentrations 

between the rainy and cold seasons were significantly different in Samut Prakan, 

Samut Sakhon and Trat. Owing that P. merguiensis samples cannot be collected in the 

cold season in Chanthaburi, Chon Buri, Phetchaburi, Prachuap Khiri Khan and Samut 

Songkhram and in both seasons in Bangkok and Rayong therefore the analysis was not 

carried out for those provinces (Table 7 in Appendix B).  

Comparison of Cr concentrations in P. merguiensis samples between the rainy 

and cold seasons is showed in Figure 4.36. For the Eastern Gulf of Thailand, the 

average Cr concentrations of the large, medium and small P. merguiensis samples 

were 892.99±620.13, 517.40±731.18 and 522.26±817.93 µg/kg dry weight, 
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respectively in the rainy season and 15.23±12.09, 6.69±2.99 and 4.54±4.51 µg/kg dry 

weight, respectively in the cold season. For the Central Gulf of Thailand, the average 

Cr concentrations of the large, medium and small P. merguiensis were 582.89±682.25, 

263.40±525.53 and 740.34±827.07 µg/kg dry weight, respectively in the rainy season 

and 33.92±17.97, 33.93±8.39, and 33.06±18.43 µg/kg dry weight, respectively in the 

cold season. For the Western Gulf of Thailand, the average Cr concentrations of the 

large, medium and small P. merguiensis were 731.63±917.05, 32.44±32.24 and 

690.64±703.66 µg/kg dry weight, respectively in the rainy season and those of the 

large and medium P. merguiensis were 20.36±13.01 and 23.15±11.38,µg/kg dry 

weight, respectively in the cold season (Table 8 in Appendix B). Results from T-test 

for the large P. merguiensis showed that Cr concentrations were significantly different 

in the three areas of the Gulf of Thailand. For the medium P. merguiensis, Cr 

concentrations were significantly different in the Eastern and Central Gulf of Thailand. 

For the small P. merguiensis, Cr concentrations were significantly different in the 

Eastern and Central Gulf of Thailand. 
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Figure 4.35 Comparison of Cr concentrations between the rainy and cold seasons of P. 

merguiensis collected from fresh markets of ten provinces of the Upper 
Gulf of Thailand 



Satita Kanongdech Results and Discussion / 96 

Eastern Gulf Central Gulf Western Gulf
0

200

400

600

800

1000

1200

1400

1600

1800
Concentration of Cr (ug/kg)

        Legend
 Rainy season/Large
 Cold season/Large
 Rainy season/Medium
 Cold season/Medium
 Rainy season/Small
 Cold season/Small

 
Figure 4.36 Comparison of Cr concentrations between the rainy and cold seasons of P. 

merguiensis collected from the three areas of the Upper Gulf of Thailand 
 
4.6.4 Lead (Pb) 

Pb concentrations in the large P. merguiensis collected from fresh markets of ten 

provinces are showed in Figure 4.37. Pb concentrations varied from 3.99±3.07 to 

33.23±21.24 and 7.29±5.33 to 17.89±10.15 µg/kg dry weight in the rainy and cold 

seasons. Results from T-test for the large P. merguiensis showed that Pb 

concentrations between the rainy and cold seasons were not significantly different in 

Bangkok, Chanthaburi, Samut Prakan and Samut Sakhon while Pb concentrations 

were significantly different in Chon Buri, Phetchaburi Prachuap Khiri Khan and Trat. 

Owing that P. merguiensis samples cannot be collected in the cold season in Rayong 

and Samut Songkhram therefore the analysis was not carried out for the two provinces 

(Table 13 in Appendix B).  

For the medium P. merguiensis, Pb concentrations varied from 5.06±3.29 to 

48.06±32.08 and 10.99±2.62 to 18.05±12.17 µg/kg dry weight in the rainy and cold 

seasons. Results from T-test for the medium P. merguiensis showed that Pb 

concentrations between the rainy and cold seasons were not significantly different in 

Bangkok, Samut Prakan and Trat while Pb concentrations were significantly different 

in Phetchaburi. Owing that P. merguiensis samples cannot be collected in the cold 

season in Chanthaburi, Chon Buri, Rayong, Samut Sakhon and Samut Songkhram and 
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in the rainy season in Prachoub Khiri Khan therefore the analysis was not carried out 

for those provinces (Table 7 in Appendix B).  

For the small P. merguiensis, Pb concentrations varied from 6.35±3.57 to 

37.83±40.70 and 10.55±5.10 to 15.75±11.28 µg/kg dry weight in the rainy and cold 

seasons. Results from T-test for the small P. merguiensis showed that Pb 

concentrations between the rainy and cold seasons were not significantly different in 

Samut Prakan, Samut Sakhon and Trat. Owing that P. merguiensis samples cannot be 

collected in the cold season in Chanthaburi, Chon Buri, Phetchaburi, Prachuap Khiri 

Khan and Samut Songkhram and in both seasons in Bangkok and Rayong therefore 

the analysis was not carried out for those provinces (Table 7 in Appendix B).  

Comparison of Pb concentrations in P. merguiensis samples between the rainy 

and cold seasons is showed in Figure 4.38. For the Eastern Gulf of Thailand, the 

average Pb concentrations of the large, medium and small P. merguiensis samples 

were 16.79±15.69, 11.46±26.26 and 16.04±18.54 µg/kg dry weight, respectively in the 

rainy season and were 11.46±8.54, 15.42±7.23, and 12.56±8.93 µg/kg dry weight, 

respectively in the cold season. For the Central Gulf of Thailand, the average Pb 

concentrations of the large, medium and small P. merguiensis samples were 

11.46±9.87, 32.47±30.47 and 27.75±31.69 µg/kg dry weight, respectively in the rainy 

season and were 14.93±12.02, 12.08±7.36 and 13.15±8.93 µg/kg dry weight, 

respectively in the cold season. For the Western Gulf of Thailand, the average Pb 

concentrations of the large, medium and small P. merguiensis were 10.44±8.39, 

29.05±20.44, and 19.21±15.58 µg/kg dry weight, respectively in the rainy season and 

those of the large and medium P. merguiensis were 9.00±5.93 and 15.06±12.60 µg/kg 

dry weight, respectively in the cold season (Table 8 in Appendix B). Results from T-

test for the large P. merguiensis showed that Pb concentrations were not significantly 

different in the three areas of the Gulf of Thailand. For the medium P. merguiensis, Pb 

concentrations were significantly different in the Central and Western Gulf of 

Thailand. And for the small P. merguiensis, Pb concentrations were significantly 

different in the Central Gulf of Thailand. 
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Figure 4.37 Comparison of Pb concentrations between the rainy and cold seasons of P. 

merguiensis collected from fresh markets of ten provinces of the Upper 
Gulf of Thailand 
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Figure 4.38 Comparison of Pb concentrations between the rainy and cold seasons of P. 

merguiensis collected from the three areas of the Upper Gulf of Thailand 
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4.6.5 Cadmium (Cd) 

Cd concentrations in the large P. merguiensis collected from fresh markets of ten 

provinces are showed in Figure 4.39. Cd concentrations varied from 0.37±0.26 to 

28.81±56.44 and 10.70±3.69 to 39.97±41.52 µg/kg dry weight in the rainy and cold 

seasons. Results from T-test for the large P. merguiensis showed that Cd 

concentrations between the rainy and cold seasons were significantly different in 

Bangkok, Chon Buri, Prachuap Khiri Khan, Samut Prakan, Samut Sakhon and Trat 

while Cd concentrations were not significantly different in Chanthaburi and 

Phetchaburi. Owing that P. merguiensis samples cannot be collected in the cold season 

in Rayong and Samut Songkhram therefore the analysis was not carried out for the two 

provinces (Table 7 in Appendix B).  

For the medium P. merguiensis, Cd concentrations varied from 0.25±0.08 to 

14.85±15.09 and 12.35±11.19 to 43.99±50.31 µg/kg dry weight in the rainy and cold 

seasons. Results from T-test for the medium P. merguiensis showed that Cd 

concentrations between the rainy and cold seasons were not significantly different in 

Bangkok, Samut Prakan and Trat while Cd concentrations were not significantly 

different in Phetchaburi. Owing that P. merguiensis samples cannot be collected in the 

cold season in Chanthaburi, Chon Buri, Rayong, Samut Sakhon and Samut Songkhram 

and in the rainy season in Prachuap Khiri Khan therefore the analysis was not carried 

out for those provinces (Table 7 in Appendix B).  

For the small P. merguiensis, Cd concentrations varied from 0.55±0.42 to 

18.58±25.34 and 7.79±8.11 to 29.37±26.96 µg/kg dry weight in the rainy and cold 

seasons. Results from T-test for the small P. merguiensis showed that Cd 

concentrations between the rainy and cold seasons were significantly different in 

Samut Prakan, Samut Sakhon and Trat. Owing that P. merguiensis samples cannot be 

collected in the cold season in Chanthaburi, Chon Buri, Phetchaburi, Prachuap Khiri 

Khan and Samut Songkhram and in both seasons in Bangkok and Rayong therefore 

the analysis was not carried out for those provinces (Table 7 in Appendix B).  

Comparison of Cd concentrations in P. merguiensis samples between the rainy 

and cold seasons is showed in Figure 4.40. For the Eastern Gulf of Thailand, the 

average Cd concentrations of the large, medium and small P. merguiensis samples 

were 3.51±4.94, 5.38±10.15 and 8.22±18.02 µg/kg dry weight, respectively in the 
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rainy season and were 20.97±28.91, 23.24±21.16 and 26.51±25.54 µg/kg dry weight, 

respectively in the cold season. For the Central Gulf of Thailand, the average Cd 

concentrations of the large, medium and small P. merguiensis samples were 

8.63±20.09, 6.94±11.11 and 1.90±4.33 µg/kg dry weight, respectively in the rainy 

season and were 32.53±33.33, 34.38±41.25 and 18.59±22.28 µg/kg dry weight, 

respectively in the cold season. For the Western Gulf of Thailand, the average Cd 

concentrations of the large, medium and small P. merguiensis were 20.41±44.52, 

9.66±12.72 and 7.33±7.56 µg/kg dry weight, respectively in the rainy season and those 

of the large and medium P. merguiensis were were 24.09±31.25 and 15.96±16.36 

µg/kg dry weight, respectively in the cold season (Table 8 in Appendix B). Results 

from T-test for the large P. merguiensis showed that Cd concentrations were 

significantly different in the Eastern and Central Gulf of Thailand. For the medium P. 

merguiensis, Cd concentrations were significantly different in the Eastern and Central 

Gulf of Thailand. And for the small P. merguiensis, Cd concentrations were 

significantly different in the Eastern and Central Gulf of Thailand.  
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Figure 4.39 Comparison of Cd concentrations between the rainy and cold seasons of P. 

merguiensis collected from fresh markets of ten provinces of the Upper 
Gulf of Thailand 
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Figure 4.40 Comparison of Cd concentrations between the rainy and cold seasons of P. 

merguiensis collected from the three areas of the Upper Gulf of Thailand 
 
4.6.6 Discussion and conclusion 

Heavy metal variation depends on seasons and type of heavy metals. The 

results of the study showed significant difference in heavy metal concentrations 

between the rainy and cold seasons in some provinces. The average heavy metal 

concentrations in the rainy season can be presented in descending order as follows: 

Zn> Cu> Cr> Pb> Cd. Similar pattern of the average heavy metal concentrations in the 

cold season also found in descending order as follows: Zn> Cu> Cd> Cr > Pb. Zn 

concentrations were the highest in both seasons. The study carried out by Pollution 

Control Department (1999a) found also Zn concentrations as the highest in both 

seasons . 

There were not significantly different between the rainy and cold seasons in Cd 

concentrations of P. merguiensis in some provinces. However, the results suggested 

Cd concentrations were higher in the cold season than in the rainy season. Cu 

concentrations were similar in both seasons in all provinces. However, trend towards 

higher Cu concentrations in the cold season than the rainy season found in 

Chanthaburi, Samut Prakan Samut Sakhon and Trat but vice versa in Prachuap Khiri 

Khan. In previous studies by Pollution Control Department (1999a) and Phanutrakul 

and Muksika (2003), Cu concentrations in the rainy season were higher than those in 
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the cold season. Phanutrakul and Muksika (2003) found that higher levels of Cu were 

adsorbed with suspended solid in the fresh water. Especially suspended solid 

containing Fe and organic matter in the component. Cu was desorbed in the solution 

form when this compound moved into sea water. In the cold season, salinity in water 

is greater than in the rainy season, thus Cu levels were accumulated higher the rainy 

season than in the cold season.  

Cr concentrations of P. merguiensis in the rainy season were higher than those in 

the cold season and there were significantly different between the rainy and cold 

seasons found in all provinces. Higher Pb concentrations in P. merguiensis were found 

in the rainy season than in the cold season. There were significantly different between 

the rainy and cold seasons in Pb concentrations of P. merguiensis collected from Chon 

Buri, Phetchaburi, Prachuap Khiri Khan and Trat. Musika and Mokgongpai (2003) 

studied the distribution of some heavy metals in sea water at the eastern coast of 

Thailand from Bang Pakong estuary to Trat estuary. The study found that Pb 

concentrations were similar in both seasons but higher Pb concentrations were found 

in the rainy season than the cold season. Also, Phanutrakul and Musika (2003) 

reported that Cu, Zn, Cr and Pb concentrations in the rainy season of Bang Pakong 

River were higher than those in the cold season.  

Finally there were not significantly different between the rainy and cold seasons 

in Zn concentrations of P. merguiensis however trend towards higher Zn 

concentrations in the cold season than the rainy season found in some provinces. 

Pollution Control Department (1999a) found similar results as found in the present 

study on Zn as the highest concentrations amongst the other metal concentrations and 

the higher Zn concentrations in the cold season than in the rainy season In contrast, 

Pollution Control Department (2003) reported that the highest contamination of Zn 

determined accumulated much higher in the rainy season than the cold season in the 

Gulf of Thailand. 
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4.7 Comsumption of P. merguiensis and the acceptable levels of heavy 

metals in prawns to human consumption 
 

In Thailand there are several ways to cook prawns however exoskeleton and 

cephalothorax of prawns are normally peeled and removed and abdomen (mostly 

muscle) is the portion for cooking. Interestingly prawn fat paste made from all part in 

cephalothorax (without exoskeleton) is very expensive and used for preparing a 

special fried rice. Although the price of P. merguiensis is more expensive than other 

shrimps and prawns but meat of P. merguiensis is also popular because of its good 

teast. The prices of large marketable size of P. merguiensis were between 350 to 400 

baht, more than 250 to 350 baht for medium size and less than 250 baht for small size. 

The present study detected the heavy metal concentrations in two body parts of P. 

merguiensis i.e., cephalothorax and abdomen (without exoskeleton) collected from ten 

fresh markets around the Upper Gulf of Thailand. The heavy metal concentrations 

detected were compared with the international and Thai guidelines and limits of 

FAO/WHO (1997) and Ministry of Public Health (1986), respectively. According to 

the variety of consuming of prawns, the comparison was made for heavy metal 

concentrations in cephalothorax and abdomen separately. The maximum average Cu 

concentrations of cephalothorax from the markets namely, Bangkok, Samut Sakhon, 

Samut Songkhram, Trat, Chanthaburi, Rayong, Chon Buri, Samut Prakan, Phetchaburi 

and Prachuap Khiri Khan detected were 4.36±1.62, 4.42±2.88, 9.67±8.09, 8.10±0.79, 

4.15±2.22, 3.64±3.20, 7.92±1.05, 10.65±8.40, 8.30±8.00, and 9.96±0.42 mg/kg dry 

weight, respectively and those in the abdomen were 0.81±1.14, 0.45±0.19, 0.85±0.04, 

2.06±2.47, 0.35±0.20, 0.60±0.41, 0.86±0.03, 1.83±4.73, 0.66±0.60 and 0.51±0.11 

mg/kg dry weight, respectively. Ministry of Public Health (1986) recommended 

dietary allowance for human consumption of Cu with the maximum level of 20 mg/kg. 

When considering Cu concentraions in cephalothorax of P. merguiensis, the highest 

values amongst all fresh markets were far below the permissible limits for human 

consumption. Also, Cu concentraions in the most popular part for consuming of 

abdomen was very safe for human health.  

The maximum average Zn concentrations of cephalothorax from the markets 

namely, Bangkok, Samut Sakhon, Samut Songkhram, Trat, Chanthaburi, Rayong, 
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Chon Buri, Samut Prakan, Phetchaburi and Prachuap Khiri Khan detected were 

6.76±1.18, 6.52±1.44, 4.95±0.26, 5.02±0.14, 5.17±0.71, 5.55±0.69, 4.69±0.31, 

5.10±1.34, 6.27±0.89 and 6.65±2.55 mg/kg dry weight, respectively and in the 

abdomen were 2.23±0.89, 2.00±0.41, 2.46±0.16, 2.49±0.05, 1.96±0.11, 2.23±0.88, 

1.60±0.11, 2.54±0.78, 2.24±0.75 and 2.05±0.18mg/kg dry weight, respectively. 

Ministry of Public Health (1986) recommended dietary allowance for human 

consumption of Zn with the maximum level of 100 mg/kg. When considering Zn 

concentraions in cephalothorax of P. merguiensis, the highest values amongst all fresh 

markets were far below the permissible limits for human consumption. Also, Zn 

concentraions in the most popular part for consuming of abdomen was very safe for 

human health. 

The maximum average Cr concentrations of cephalothorax from the markets 

namely, Bangkok, Samut Sakhon, Samut Songkhram, Trat, Chanthaburi, Rayong, 

Chon Buri, Samut Prakan, Phetchaburi and Prachuap Khiri Khan detected were 

0.39±0.72, 1.20±0.80, 1.04±1.21, 1.16±0.76, 1.81±1.2, 0.75±0.80, 1.66±0.04, 

0.08±0.03, 0.82±0.87 and 1.61±0.009 mg/kg dry weight, respectively and in the 

abdomen were 0.43±0.58, 0.89±0.59, 0.46±0.82, 0.46±0.60, 1.30±0.87, 0.76±0.51, 

1.31±0.02, 0.06±0.05, 0.59±0.64, and 1.18±0.02 mg/kg dry weight, respectively. 

Ministry of Public Health (1986) recommended dietary allowance for human 

consumption of Cr with the maximum level of 2 mg/kg. When considering Cr 

concentraions in cephalothorax of P. merguiensis, the highest values amongst all fresh 

markets were not much below the permissible limits for human consumption.  

The maximum average Pb concentrations of cephalothorax from the markets 

namely, Bangkok, Samut Sakhon, Samut Songkhram, Trat, Chanthaburi, Rayong, 

Chon Buri, Samut Prakan, Phetchaburi and Prachuap Khiri Khan detected were 

0.02±0.01, 0.03±0.02, 0.09±0.001, 0.091±0.00, 0.04±0.02, 0.02±0.006, 0.02±0.02, 

0.04±0.02, 0.03±0.02, and 0.02±0.004 mg/kg dry weight, respectively and in the 

abdomen were 0.01±0.007, 0.01±0.002, 0.075±0.004, 0.03±0.03, 0.009±0.00, 

0.08±0.004, 0.02±0.00, 0.007±0.005, 0.02±0.012, and 0.01±0.00 mg/kg dry weight, 

respectively. The FAO/WHO proposed an acceptable daily intake Pb in food at 0.5 

mg/kg food per day (FAO/WHO, 1997). While Ministry of Public Health (1986) 

recommended dietary allowance for human consumption of Pb with the maximum 
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level of 1 mg/kg. When considering Pb concentraions in cephalothorax of P. 

merguiensis, the highest values amongst all fresh markets were far below the 

permissible limits for human consumption. Also, Pb concentraions in the most popular 

part for consuming of abdomen was very safe for human health. 

The maximum average Cd concentrations of cephalothorax from the markets 

namely, Bangkok, Samut Sakhon, Samut Songkhram, Trat, Chanthaburi, Rayong, 

Chon Buri, Samut Prakan, Phetchaburi and Prachuap Khiri Khan detected were 

0.061±0.04, 0.03±0.03, 0.04±0.04, 0.03±0.007, 0.04±0.04, 0.03±0.02, 0.00, 0.03±0.03, 

0.07±0.07 and 0.04±0.001 mg/kg dry weight, respectively and in the abdomen were 

0.01±0.02, 0.001±0.002, 0.001±0.001, 0.002±0.00, 0.001±0.001, 0.00, 0.00, 

0.005±0.013, 0.006±0.005 and 0.003±0.002 mg/kg dry weight, respectively. The 

FAO/WHO proposed an acceptable daily intake Cd in food at 2 mg/kg food per day 

(FAO/WHO, 1997). When considering Cd concentraions in cephalothorax of P. 

merguiensis, the highest values amongst all fresh markets were far below the 

permissible limits for human consumption. Also, Cd concentraions in the most popular 

part for consuming of abdomen was very safe for human health. 

In all cases, maximum average heavy metal concentrations in P. merguiensis 

were below the permissible limits for human consumption, which have safe levels of 

metals concentrations for human health. These data also provide a useful baseline for 

future reference of heavy metal concentrations in P. merguiensis. 
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CHAPTER V 

CONCLUSION AND RECOMMENDATION 

 

 

5.1 Conclusion 

 
Heavy metal concentrations in P. merguiensis varied amongst ten fresh 

markets around the Upper Gulf of Thailand and were related to proximity of input of 

local pollution along the coastal areas and drainage from the rivers into the Upper Gulf 

of Thailand. When considering amongst the five heavy metals, the overall average 

heavy metal concentrations determined can be presented in descending order as 

follows; Zn> Cu> Cr> Pb> Cd.  

The average heavy metal concentrations in both female and male can be 

presented in descending order as follows: Zn> Cu> Cr> Pb> Cd. 

The average heavy metal concentrations in both cephalothorax and abdomen 

can be presented in descending order as follows: Zn> Cu> Cr> Pb> Cd. 

The average heavy metal concentrations in the rainy season can be presented in 

descending order as follows: Zn> Cu> Cr> Pb> Cd. 

The average heavy metal concentrations in the cold season can be presented in 

descending order as follows: Zn> Cu> Cd> Cr > Pb. 

When comparing heavy metal concentrations amongst ten fresh markets 

around the Upper Gulf of Thailand, each of the overall average heavy metal 

concentrations can be presented in descending order as follows; 

Cd: Bangkok> Phetchaburi> Trat> Prachuap Khiri Khan> Samut Sakhon> 

Chon Buri> Samut Prakan> Samut Songkhram> Chanthaburi> Rayong. 

Cr: Trat> Rayong> Prachuap Khiri Khan> Samut Songkhram> Samut 

Sakhon> Phetchaburi> Samut Prakan> Chanthaburi> Bangkok> Chon Buri. 
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Cu: Chon Buri> Samut Sakhon> Rayong> Samut Songkhram> Phetchaburi> 

Prachuap Khiri Khan> Trat> Bangkok> Samut Prakan> Chanthaburi. 

Pb: Samut Sakhon> Samut Songkhram> Phetchaburi> Chanthaburi> Trat> 

Samut Prakan> Bangkok> Chon Buri> Prachuap Khiri Khan> Rayong. 

Zn: Bangkok> Phetchaburi> Chon Buri> Samut Prakan> Samut Sakhon> 

Prachuap Khiri Khan> Samut Songkhram> Chanthaburi> Rayong> Trat. 

When comparing heavy metal concentrations between female and male, it was 

found that for all heavy metals, the average concentrations in female were higher than 

in male.  

When comparing heavy metal concentrations between cephalothorax and 

abdomen, it was found that for all heavy metals, the average concentrations in 

cephalothorax were higher than in abdomen. 

When comparing heavy metal concentrations between the rainy and cold 

seasons, each of the average heavy metal concentrations can be presented in 

descending order as follows; 

Cd: cold>rainy. 

Cr: rainy> cold. 

Cu: cold>rainy. 

Pb: rainy> cold. 

Zn: cold>rainy. 

This study showed that Cd, Cr, Cu, Pb and Zn concentrations in P. merguiensis 

collected from ten fresh markets around the Upper Gulf of Thailand were generally 

lower to much lower than the guidelines and limits of FAO/WHO and Ministry of 

Public Health. Therefore the heavy metals concentrations determined did not pose a 

health hazard for consumers. 

Finally the heavy metal concentrations determined in the present study 

provided a useful baseline against which to measure any future change in local 

pollution to the Upper Gulf of Thailand. 

 

 

 

 



Satita Kanongdech  Conclusion and Recommendation / 108 

5.2 Recommendation 
 

5.2.1 Recommendation for further study 

5.2.1.1 From the present study, selection of some hot spots from the Upper Gulf of 

Thailand such as Trat, Chon Buri and Samut Sakhon should be carried out in more 

detail including taking samples of sediment and water quality. Also identification of 

point and non-point sources of heavy metals of concerns are suggested. The extension 

of sampling period to cover the dry season will be useful for comparison. 

5.2.1.2 At present, there are both wild P. merguiensis and farmed P. merguiensis. 

However the present study collected only wild P. merguiensis from fresh markets then 

it should be suggested to collect farmed P. merguiensis for comparison with the wild 

one. Again prawn feed, water quality and sediments of the prawn farm should be 

determined for heavy metal concentration.  

 

5.2.2 Recommendation of application 

5.2.2.1 It is hard to tell the difference between female and male P. merguiensis by 

layman. Therefore, it will not be practical to make a suggestion to select only male P. 

merguiensis for consumption. However, it can be suggested to consume abdomen (as a 

body part for layman) and to avoid consuming cephalothorax (as a head part). Also it 

is not rather safe to consume P. merguiensis collected in the rainy season because Cr 

concentrations determined were rather close to the dietary allowance for human 

consumption of Cr of Ministry of Public Health (1986). 

5.2.2.2 It can be suggested that government agencies responsible for protecting health 

can use information obtained from the study for monitoring the contaminant levels of 

certain heavy metals in only some period of the year such a determining Cr in P. 

merguiensis in the rainy season. This will help the agencies safe the budget and labor. 
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APPENDIX A  

 
 

Chemical Reagents 

Chemical reagents use for heavy metal analysis  

1. Nitric acid (conc. HNO3) 

2. Hydrogen peroxide (H2O2) 

3. Deionized distilled water 

4. Standards of heavy metal solution (Cu, Zn, Cr, Pb, Cd) 

Apparatus  

1. Hot air oven (Conthernm 260M) 

2. Analytical balance (Avery WA205) 

3. Hood 

4. CEM microwave digestion model Mar 5 

5. Hotplate 

6. Flame Atomic Absorption Spectrometer (FAAS) 

Metals (Cu and Zn) were determined using a varian (Flame) atomic absorption 

spectrometer model 220 FS. 

7. Graphite Atomic Absorption Spectrometer (GFAAS) 

 Metals (Cr, Cd and Pb) were determined using a varian (Graphite) atomic 

absorption spectrometer model 220 Z. 
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8. Glassware 

Clean all glassware, including sample bottles with 10 % nitric acid and rinse 

throughly with tap water and distilled water. 

9. The digest containers with cover 

The digest containers are made of 60 milliliters polyethylene and use only 

containers that have been acid rinse. 

10. Black plastic bag 

11. Whatman filter paper No. 42 

12. Ice box 

13. Refrigerator (-20 °C and 4 °C) 
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Research methodology of heavy metals digestion  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each subsamples of  
P. merguiensis 

Dried subsamples 

0.5 g/dry weight homogenization samples 

Each vessel of microwave digestion

Microwave digestion Reaction T 200 °C,  
P 200 PSI 25 min 
Hold time 20 min, 
cool down 10 min 

Dried to a constant 
weight at 80 °C 

Followed by deionized water to 

bring the volume up to 50 ml 

Stored in the 60 ml polyethylene bottle 

Kept in refrigerator 4 °C 

Zn, Cu were determined in Flame AAS 
Cd, Pb, Cr were determined in Graphite AAS 
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