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Abstract 

Four mussel culture areas in the Upper Gulf of Thailand were monitored for 1.5 years to 
assess environmental pollution in terms of bacterial levels, water quality and mussel growth. 
Contamination with bacteria including fecal coliforms was worse in Mae KJong and Chao Phraya 
estuaries than Ang Sila and Bang Pakong. More serious contamination in those estuaries usually 
occurred during the rainy season (July-October) and at low tides. Bacterial contamination of 
mussels occurred 10-40% of the sampling time, whereas the culture water was contaminated 
20-55% of the time. Salinity fluctuated (1-35 ppt) during the rainy season, but dissolved oxygen

(3.3-9.8 mg•l·1), temperature (26-33°C) and pH (6.5-8.7) were suitable for mussel culture. Obvi­
ous eutrophication in the gulf leads to frequent algal blooms, which may have caused the occa­
sional large-scale mussel die-offs. At the four sites, mussel growth in terms of meat weight gain 
was 8-26% in 1994 and 60-140% in 1995, condition factor was 97-110 (good to excellent), and 

density settlement was 17-59 cm·1 cross section.



· Introduction

With an annual production of about 50,000 tonnes, valued at US$ 7 mil­
lion, the cultured green mussel (Perna viridis) is one of the major economic 
shellfish products in Thailand (Department of Fisheries, in press). Although 
mussels are produced in many areas along the Thai coast, mpre than 90% of 
production comes from the Upper Gulf of Thailand. 

Most mussel beds are concentrated in estuaries of four major rivers that 
flow through the heartland of Thailand, where major industries, farmlands and 
population centers are located. Contamination of the Upper Gulf of Thailand by 
hazardous chemical compounds and microorganisms in wastewaters has been 
previously reported (Menasveta and Cheevaparanapiwat 1981; Ruddle 1982; 
Hungspreugs and Yuangthong 1984; Phillips and Muttarasin 1985; Chalermwat 
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and Lutz 1989; Hungspreugs et al. 1989; Phillips and Tanabe 1989; Siriwong et 

al. 1991). Mussels are filter feeders able to accumulate waterborne contami­
nants through lower food chain organisms, and are an ideal organism for 

monitoring environmental pollution (Viarengo and Canesi 1991; Widdows and 

Donkin 1992). However, contamination of mussels, a food commodity, poses a 
danger to public health (Hackney et al. 1992; Shumway 1992). Pollution in 

mussel culture areas would also have adverse economic consequences. 

The present report describes the water quality, bacterial levels and mussel 

growth in the estuaries of four rivers over a period of 1.5 years. 

Materials and Methods 

The four study sites were Ang Sila estuary in Chonburi, Bang Pakong estu­

ary in Chachoengsao, Chao Phraya estuary in Samut Prakarn, and Mae Klong 

estuary in Samut Songkhran (Fig. I). Water and mussel samples were col-
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Fig. 1. Location of sampling sites at mussel-growing areas in the Upper Gulf of Thailand. 
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lected monthly from three locations (replicates) at each site. The water quality 

variables monitored were dissolved oxygen (DO), temperature, pH and salinity. 

DO and temperature were measured with an oxygen meter (WIW Oxymeter 

Microprocessor Oxi 96), pH with a Labotec Weisbaden pH96, and salinity with 

an Atago refractometer. 
Mussel growth was based on measurements of shell length, width, thick­

ness, total weight and meat weight. Condition index (CI), which measures the 

plumpness of the meat, was determined by displacement method (Quayle and 

Newkirk 1989). Condition index was computed as: 

total dry meat weight 
I OOO ( whole volume) - {shell volume) X , 

This criteria classifies CI > 120 as plump, 100-119 as excellent, 80-99 as 
good, and < 79 as fair. 

An estimate of mussel settling density on bamboo poles was made. A 15-

cm section of the pole was randomly selected, and the mussels detached and 
counted. Density was estimated at per centimeter of pole in cross section (di­

ameter about 7 cm). 

Bacterial analysis of water and mussel samples included standard het­

erotrophic plate count (SHPC), fecal coliform (FC) and total coliform (TC). The 

Spread Plate Method using Difeo Plate Count Agar was used for SHPC. The 3-
tube Most Probable Number (MPN) fermentation test was used for coliform 

determination. The media used were Difeo Laury! Tryptose Broth for presump­

tive TC test, Difeo Brilliant Green Bile 2% medium for confirmative TC test and 

Difeo EC medium for FC test. Analysis followed APHA (1970) procedures. 

Growth data was analyzed by linear regression. Statistical tests for site and 

seasonal differences included multi-factor analysis of variance (ANOVA) and 

least significant difference (LSD) test. Association of bacterial indicator organ­

isms in water and mussel were tested by correlation analysis. Significance was 

tested at 95% confidence level. The Statgraphics software version 7.0 was 
used. 

Results 

In the Upper Gulf of Thailand, mussels were cultured mostly on bamboo 

poles. Culture sites had water depths greater than 4 m. Barnacles were the 
dominant fouling organisms. Initial mussel settlement density tended to be high 
but thinned out naturally over time (Fig. 2). Average mussel density (± SE) per 
centimeter of pole in cross section in the different sites are 59 ± 33 in Chao 

Phraya, 56 ±12 in Ang Sila, 30±7 in Mae Klang, and 17 ± 3 in Bang Pakong. 

Water quality was generally suitable for the culture of green mussels 

(Table I). However, salinity fluctuation during the rainy season (July-October) 

may stress the mussels and cause mortality. 
Average shell growth at all the sites is low for tropical conditions ( < 1 

cm•mo-1). Comparison of mussel growth based on shell length at the four sites 
is shown in Fig. 3. Two growth curves were plotted for the three sites, Ang 

Sila, Bang Pakong and Mae Klang, which suffered mussel mortality in October 
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