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Contamination by butyltins (BTs), organochlorine compounds (OCs) and heavy metals was exam
ined in green mussels collected along the coastal areas of the Philippines in 1994 and 1997. Significant 
BTs concentrations revealed widespread contamination along nearshore marine waters. Relatively high 
BTs concentrations were observed in samples collected from areas with high boating activities, sugges
tive that the source of TBT (tributyltin) is coming from antifouling paints. While TBT levels were 
found to be low in green mussels collected from aquaculture areas, implying minimal usage of BTs for 
aquaculture activities. The composition of BT derivatives in mussel was in the order of 
TBT>DBT>MBT, reflective of continuous input of TBT in the coastal waters. Considering the un
regulated use of organotins in the country, BTs contamination in the aquatic environment of the Philip
pines may increase in the future. Concentrations of OCs in green mussels were less than BTs. Among 
OCs, PCBs concentrations were found to be relatively high particularly in mussels from Manila Bay. 
Moreover, metal concentrations found suggest that the anthropogenic loading of Hg, Pb and Cd to the 
coasts is relatively low, suggestive that the green mussels from these coastal waters are not adversely 
affected by these metal toxicants and pose no risk for human health. To our knowledge, this is the first 
comprehensive report on the concentrations of butyltins, organochlorine compounds and heavy metals 
in soft tissues of green mussels in the Philippines.
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Mussels of the genus Perna are in many respects highly 
suitable for culture in the coastal areas. Being filter feed
ers, they occupy a low position in the food chain, making 
their exploitation a very economic utilization of the prima
ry production available in coastal waters. Moreover, mus
sels have a high protein content, averaging 67% of its body 
weight," which compares favorably with other food items 
and underscores its importance as a source of inexpensive 
animal protein. It is for these reasons that mussels have 
become one of the most valuable mariculture organisms 

produced in Asia with the largest quantity.2' In particular, 
the green mussel Perna viridis, which has a wide geographi
cal distribution in the Asia-Pacific region, is recognized as 
a commercially valuable seafood.'' The Philippines is one 
of those countries that have ventured into large-scale ex
ploitation of the green mussel Perna viridis. As early as the 
1950's, the Philippines was one of the countries outside Eu
rope to have explored the possibilities of intensive mussel 
culture. In 1955, the first commercial mussel farm started 
operation, marking the beginning of a mussel industry 
that has proved to be as lucrative as the oyster industry.',')

Presently, the major mussel culture areas in the Philip
pines include Sapian Bay (Capiz), Maqueda Bay (Jiabong, 
Samar), and Bacoor Bay (Cavite).') Nevertheless, despite 
the fact that mussels are part of the nation's diet, monitor
ing studies on the residues of toxic contaminants in this 
seafood is rather limited. Cognizant of possible implica
tions on public health and safety, it was deemed necessary 
to conduct the present study in order to assess the levels of 
toxic contaminants such as butyltins (BTs), organochlo
rine compounds (OCs) and heavy metals in green mussels 
collected from Philippines' coastal waters, particularly in 
the major mussel culture areas. Moreover, the present 
study is a part of the Asia-Pacific Mussel Watch Program, 
which aims to monitor marine pollution in this region us
ing mussel as bioindicator.'l

Rapid increase of chemical trade in Asian developing 
countries such as the Philippines implies greater produc
tion and usage of toxic chemicals that could lead to in
crease exposure of humans and wildlife to these chemicals. 
Consequently, environmental problems associated with 
toxic contaminants such as BTs, OCs and heavy metals are
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of great concern. BTs representing tributyltin (TBT) were 
used widely for pleasure boats, large ships and vessels, 
docks and fishing nets, lumber preservatives and slimicides 
in cooling systems, and as an effective antifouling agent in 
paints. Its derivatives dibutytin (DBT) and monobutyltin 
(MBT) were mostly used as stabilizers in polyvinyl chlo
ride and as catalysts in the production of polyurethane 
foams, silicones, and in other industrial processes.) Aquat
ic pollution by TBT coming from antifouling paints has 
been of great concern in many countries due to their report
ed effects on non-target marine organisms, i.e. shell mal
formation in oysters,"') mortality on the larvae of mus
sels,11> and imposex in gastropods.') These findings led to 
the restriction of TBT-based antifouling paints in most de
veloped nations, however, in most developing countries in
cluding the Philippines, such control is yet to be enforced. 
Moreover, an increasing demand for antifouling paints is 
predicted in the Asia-Pacific,") anticipating aquatic pollu
tion and toxic biological effects by BTs in this region. On 
the other hand, persistent OCs such as PCBs (polychlori
nated biphenyls), DDTs, HCHs (hexachlorocyclohexane 
isomers), CHLs (chlordane compounds), and HCB (hex
achlorodenzene) have been recently reported to show estro
genic properties,") in addition to the well-documented en
vironmental problems and human health hazards that 
these toxic compounds have caused. Although most devel
oped nations have banned or restricted the production and 
use of these compounds during the last decade, developing 
countries still use these chemicals for agricultural and pub
lic health purposes. In the Philippines, use of OCs for 
agricultural purposes were halted in 1977" and usage of 
DDTs for malaria control was phased-out in 1992.') Mean
while, heavy metals in trace concentrations are normal con
stituents of marine organisms. But at high levels, they are 
potentially toxic and may disrupt the biological activities 
of aquatic ecosystems. The ability of heavy metals to be 
concentrated in the organs of marine organisms accounts 
for their toxicity and also poses a direct threat to both the 
aquatic biota and man.") Studies on the Philippine en
vironment conducted by our team have shown the 

presence of these contaminants in the different environ
mental compartments such as heavy metals in sediments') 
and fish,19) OCs in soils, sediments,2O) and cetaceans,") and 
BTs in cetaceans .22)
 The present study aims to assess the levels of contamina

tion by BTs, OCs and heavy metals using green mussel Per
na viridis as a bioindicator of marine pollution. Concentra
tions of TBT, DBT and MBT in the whole soft tissue of 
green mussels collected along the coastal areas of the 
Philippines were determined. OCs residues such as PCBs, 
DDTs, HCHs, CHLs, and HCB were also examined. In ad
dition, analyses of 13 elements (Li, V, Mn, Co, Cu, Zn, 
Rb, Sr, Ag, Cd, Cs, Pb and Hg) are presented here and 
their concentrations in the whole soft tissue of these green 
mussels are discussed. Moreover, in order to determine the 
degree of marine pollution in these coastal waters, concen
trations detected in this study were compared with report
ed values from other regions.

Materials and Methods

Fig. 1. Sampling locations of green mussels used in the study.

Green mussels Perna viridis were collected from various 
coastal sites in the Philippines (Fig. 1). Samples collected 
from 5 sites in 1994 and from 8 sites in1997 were used for 
BTs and OCs analyses (Table 1), while mussel samples col
lected in 1997 were employed for the analyses of the 14 ele
ments (Table 2). More than 100 green mussels were collect
ed from each location and the adhering matrix was re
moved in the field. Samples were stored in polyethylene 
bags, kept in a cooler box with ice or dry ice and then im
mediately kept in a deep-freezer. The frozen mussels were 
subsequently transported to the laboratory in Japan, 
thawed, scraped clean and shucked. For BTs and OCs ana
lyses, the whole soft tissues were pooled, homogenized, 
then kept in clean glass bottles, and the mussels for metal 
analyses were kept in clean polyethylene bags. All samples 
were frozen at -20°C until chemical analysis.

Chemical Analyses

BTs. The analytical method of BTs was conducted based 

on the procedure previously described.") The method con

sists of extraction, propylation, purification and quantifica

tion by Hewlett-Packard 5890 Series II gas chromatograph 

equipped with a flame photometric detector (GC-FPD). 

For quantification of BTs, a fused silica capillary column 

(J&W Scientific Co. Ltd., 30 m length x 0.25 mm id., 0.25 

,em film thickness) coated with DB-1 (100% dimethyl poly

siloxane) was used. Recoveries of BTs from the spiked 

mussel tissues were 87•}14%, 137•}20% and 107•}25% 

for MBT, DBT and TBT (ƒÊ=7), respectively. The detec

tion limit was 3 ngg-1 for MBT and 1 ngg-1 for DBT and 

TBT.

OCs. PCBs and organochlorine pesticides were deter
mined based on the analytical method described earlier. 23) 
The method consists of extraction, fat removal, acid treat
ment, fractionation and quantification. Hewlett-Packard 
5890 Series II gas chromatograph equipped with 63Ni elec
tron capture detector (GC-ECD) and a moving needle type 
injection system with splitless and solvent-cut mode was 
used for the determination of OCs. PCBs was quantifiedSamples
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Table 1. Locations and biological details of green mussel Perna viridis employed for BTs and OCs analyses

'1 First
, second and third letters indicate the country, province or city and local name, respectively; digits indicate replicate time of sampling. 

`2 First
, second and last two digits indicate the year, month and date respectively.

n: number of pooled samples. 

Values in parentheses indicate range.

Table 2. Biological details of green mussels Perna viridis employed for heavy metal analyses

' First
, second and third letters indicate the country, province or city and local name, respectively. The digits indicate replicate time of sampling. 

ey First
, second and last two digits indicate the year, month, and date respectively.

n: no. of pooled samples. 

Values in parentheses indicate the range.

by a fused-silica capillary column (30 m length x 0.25 mm 

id., 0.25,um film thickness) coated with SE-54 (Supelco 

Inc., PA, USA). Quantification of OCs pesticides was per

formed on a column which consisted of fused silica capilla

ry (30 m length x 0.25 mm id., 0.25 ,ƒÊm film thickness) coat

ed with DB-l (J&W Scientific Co. Ltd.). Total PCB con

centrations in samples were quantified by summing the con

centrations of individually resolved peaks relative to an 

equivalent mixture standard of Aroclor 

(1016:1242:1254:1260; 1:1:1:1) with known PCB composi

tion and content.241 Recoveries of OCs residues by this 

method with fortified samples were 106±2% for PCBs, 

108•}6% for CHLs, 105•}10% for HCHs and 105•}3% 

for HCB (n=4), respectively. The detection limit was 0.1 

ngg-1 for PCBs and 0.01 ngg-1 for OC pesticides.

Metals. Elemental analyses were carried out by inductively 

coupled plasma-mass spectrometry (ICP-MS) (Perkin El

mar 5000) after microwave digestion with nitric acid in a 

PTFE (teflon) vessel .") The reference material NIST SRM 

15776 bovine liver was used to calculate metal recoveries. 

Total Hg was determined by cold vapor technique, using a 

Sansou Automatic Mercury Analyzer Model HG-3000.261 

Concentrations of all elements are reported as ƒÊgg-1 on a 

dry weight basis.

Results and Discussion

Butyltin Compounds 
 Among BTs, TBT was detected in most of the sampling 
sites at relatively high concentrations, whereas the concen
trations of DBT and MBT were lower (Table 3). Concen
trations of BTs in green mussels from the Philippines 
ranged from < 3 to 51 ngg-1 for MBT, < 1 to 100 ngg-1 
for DBT and < 1 to 640 ngg-1 for TBT. Relatively high 
TBT concentrations were observed in samples collected 
from areas with high boating activities. The concentra
tions of EBT (MBT+DBT+TBT) in mussels from boating 
areas around Manila Bay (PHEMRP: 787 ngg-1, 
PHMLCC: 294 ngg-1, PHFIPQ: 104 ngg-1) suggest that 
the source of TBT was coming from antifouling paints. A 
number of studies have documented the existence of TBT 
contamination in harbours, marinas, shipyard hull 
washing/refinishing and boating activities. 21-211 On the 
other hand,.EBT levels were found to be low in green mus
sels collected from aquaculture areas (PHSMJB: 4 ngg-1, 
PHLTDT: < 1 ngg-1, PHCZSP: 1 ngg-1 and PHBTSL: 
< 1 ngg-1), implying minimal usage of BTs for aquaculture 
activities in the Philippines. Considerably low levels of 
BTs were also noted in aquaculture areas located upward 
of the Manila bay area (PHBLBA-1: 22 ng g-1, PHBLBA
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Table 3. Concentrations (ngg-1 wet weight) of butyltin compounds (BTs) and organochlorine (OCs) residues in green mussel Perna 
 viridis collected from Philippine coastal waters

Table 4. Concentrations (ngg-1 wet weight) of butyltin compounds and organochlorine residues in bivalve molluscs collected 

 worldwide

2: 46 ngg-1, PHMMB-62 ngg-1). Thus, it is probable that 
the major BTs pollution sources in the country are far sea 
or commercial vessels that could be using TBT-coated an
tifouling agents on the ship hulls. Though the exact pollu
tion source of BTs remains uncertain, present findings indi
cate that BTs contamination seems to be widespread along 
Philippine's coastal waters. TBT levels (< 1 to 640 ngg-1) 
found in mussel samples from Philippine waters were com

parable with those in Thailand, but were higher than those 
in other Asian countries such as Malaysia and Hong Kong 
(Table 4). Similar to Thailand,") pollution of BTs in the 
Philippines may be considered to be high among Asian 
developing countries so far reported. However, when com

pared with recent surveys of other bivalve species from 
various locations, BTs levels in Philippines were lower 
than those in developed nations (Table 4).

The compositional ratio of butyltin derivatives in P. viri
dis analysed here was observed to be in the order of 
TBT > DBT > MBT. Among BTs, TBT was the dominant com
pound occupying about 70% in most locations, while DBT 
and MBT comprised less than 30%. Present findings con
form with the observations made by Kan-atireklap et al.") 
on the limited ability of P. viridis to metabolize TBT to 
DBT and MBT similar to other molluscs. Such limitation 
was explained by the low cytochrome P-450 content and

mixed function oxygenase activity in molluscs. 30,31) Addi
tionally, continuous input of TBT in the coastal waters of 
the Philippines may also provide a plausible explanation 
for the higher ratio of TBT found in mussel samples 
analysed.

Organochlorine Compounds 
 Concentrations of PCBs in P. viridis from the coastal 

waters of the Philippines ranged from 8.7 to 36 ngg-1 in 
1994 and 0.7 to 31 ngg-1 in 1997 (Table 3). Among the 
various sites, relatively higher PCBs levels were measured 
in green mussels collected around Manila Bay area 
(PHFIPQ: 36 ngg-1, PHMLCC: 35 ngg-1, PHEMRP: 
32 ngg-1, and PHMMMB: 31 ngg-1) (Table 3). These lev
els may imply that PCBs contamination could be coming 
from the more populated and industrialized cities. Based 
on international comparison of PCB levels reported in 
bivalve molluscs (Table 4), values found in the present 
study were similar to that in Thailand mussels, but slightly 
higher than those found in mussels from South India. 
However, PCB levels in mussels from Philippines were 
found to be lower than those detected in mussels from 
Hong Kong, Denmark and the South West Baltic Sea (Ta
ble 4). Although contamination by PCBs in Philippine 
coastal waters may not be serious at present, continuous
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Table 5. Metal concentrations (ƒÊgg-1 dry weight) in green mussels Perna viridis collected from Philippine coastal waters

NA: Not analysed.

monitoring in industrialized and highly populated loca
tions such as around Manila Bay (PHFIPQ, PHMLCC, 
PHEMRP and PHMMMB) and Bacoor Bay (PHCVBC) is 
apparently needed.

Among various OCs pesticides determined in the 
present study, CHLs concentrations were the highest in 8 
out of 13 samples examined (Table 3). CHLs concentra
tions in green mussels from Philippines' coastal waters 
were detected in the range of 2.4 to 9.5 ngg-1 in 1994 and 
0.15 to 3.6 ngg-1 in 1997. CHLs levels in green mussels col
lected from coastal waters proximal to urbanized and in
dustrialized areas (PHFIPQ: 9.5 ngg-1, PHMLCC: 7.4 
ngg-1, PHEMRP: 7.2 ng g-1, PHMMMB: 3.2 ngg-1 and 
PHCVBC: 2.4-3.6 ng g-1) were one magnitude higher 
than those from the coasts of rural areas (PHSMJB: 0.19 
ngg-1, PHSMVR: 0.36 ngg-1, PHLTDT: 0.15 ngg-1, 
PHCZSP: 0.22 ngg-1 and PHBTSL: 0.34 ngg-1) 
(Table 3). This spatial distribution found in Philippines is 
suggestive that CHL might be used partly against termites 
in the more populated areas, similar to Japan. On an inter
national basis, monitoring data on CHLs residues in 
bivalves is rather scarce. Nevertheless, comparable levels 
of CHLs (0.25-5.9 ngg-1) were found in P. viridis from 
Thailand's coastal waters (Table 4).

DDTs were detected at levels next to CHLs, ranging 
from 1.3 to 4.2 ngg-1 in 1994 and 0.2 to 2.0 ngg-1 in 
1997. This finding may be reflective of the past usage of 
DDT for malaria control in the Philippines until it was offi
cially halted in 1992.16) Compared with other studies, DDT 
concentrations obtained for green mussels in the Philip
pines were lower than those found in mussels from Hong 
Kong by about 2 orders of magnitude, and those from 
Thailand, South India, and Denmark by about 1 order of 
magnitude. While DDT levels obtained here were within 
the same range as the levels found in blue mussels from 
Perth, Australia and the South West Baltic Sea (Table 4). 
 Concentrations of HCHs detected here were rather 

uniform among the sampling sites and were relatively low, 
ranging from 0.09 to 0.19 ngg-1 in 1994 and <0.01 to 
0.16 ngg-1 in 1997. Similar to CHLs, HCHs levels in 
green mussels from the Philippines were within the same 
range as those from Thailand's coasts, but were found to 
be much lower than those from other aquatic regions 
(Table 4) 

_

HCB concentrations were the lowest, ranging from 0.02

to 0.04 ngg-1 and <0.01 to 0.02 ngg-1 in 1997. The 
uniform HCB concentrations found in green mussels from 
the various study sites were within the same range as the 
levels detected in green mussels from the coastal waters of 
Thailand (Table 4). It has been reported that HCB con
tamination may have originated from usage of fungicides 
or as an impurity in pesticide formulations, a byproduct of 
various chlorination processes, and the combustion of in
dustrial and municinaI wastes.")

Collectively, OC residues in Perna viridis from Philip

pine coastal waters were suggestive that organochlorines 
have been widely used in the Philippines. Although the 
agricultural usage of organochlorine insecticides, such as 
DDT and HCH, have been banned in the Philippines, 
their pollution still remains in the aquatic environment. 
However, based on the results obtained in the present 
study and earlier published data for other geographical 
regions (Table 4), contamination by organochlorine pesti
cides in the Philippines is not of relatively serious concern.

Heavy Metals 

 Metal concentrations in the whole soft tissues of Perna 

viridis collected along the coastal waters of the Philippines 

are presented in Table 5. Among the metals analysed, the 

essential elements Mn and Zn were observed to be accumu

lated heavily by all the green mussels examined (Table 5). 

Green mussels from Jiabong, Samar (PHSMJB) had the 

highest Mn concentration (112,ugg-1 dry weight), while 

the highest Zn concentration (57.2,ugg-1 dry weight) was 

observed in green mussels from San Pedro Bay, Diit, 

Leyte (PHLTDT). In the case of Zn, concentrations meas

ured in green mussels from the Visayas region differed sig

nificantly from those collected from Luzon (p<0.05, 

Mann-Whitney test). Compared with other studies on 

metal accumulation in mussels, Mn concentration levels 

observed (27.4-112 ƒÊg g-' dry weight) in green mussels ex

amined here were within the same range with levels detect

ed in the whole soft tissues of the mussel Mytilus edulis 

from the Bay of Follonica, Italy, which ranged between 

37-150,ƒÊgg-1 dry weight.") While Zn concentration levels 

(38.4-57.2 ƒÊgg-1 dry weight) detected in green mussels 

analysed here were one order of magnitude lower than 

those of the blue mussel Mytulis edulis from the Bay of 

Follonica, Italy (120-150 ,ƒÊgg-1 dry weight)") and from 

the East Coast of Kyushu Island, Japan (118-360ƒÊg g-1
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dry weight),34) and likewise with the mussel Mytulis gal

loprovincialis from Algarvae Coast, South Italy (186-398 

,ƒÊgg-1 dry weight).35) Considerable accumulation of Sr 
was also noted, ranging from 19.0-77.0 ƒÊgg-1 dry weight, 

with relatively high levels in green mussels collected from 

Sapian Bay, Capiz (PHCZSP) and San Pedro Bay, Diit, 

Leyte (PHLTDT) (Table 5). In biological samples other 

than mussels, Sr data is available for commercial fish spe

cies from Manila Bay, Philippines,191 which showed higher 

Sr accumulation ranging from 42.7-319ƒÊgg-1 dry weight 

in their whole bodies compared to the levels found in mus

sels collected from Manila Bay and nearby coasts 

(PHMMMB, PHBTSL, PHLBA-2, PHCVBC-2) (Table 5).

Copper is another essential element in marine inver

tebrates that has been associated with numerous metalloen

zymes and metalloprotiens,36) such as the Cu-containing 

respiratory protein hemocyanin found in some mollusks 

and crustaceans. Cu concentrations ranged at 5.13-8.85ƒÊ

gg-1 dry weight, with small variations among the study 

sites. Similar range of Cu concentrations were observed in 

whole soft tissues of Mytulis edulis from the northern 

coast of Portugal (8.8-9.8,ƒÊgg-1 dry weight),37) and from 

Mersey Estuary, United Kingdom (8.1-12.3,ƒÊgg-1 dry 

weight).38) Rb, V, Li and Co were accumulated to a lesser 

extent by the green mussels examined here, with similar lev

els of V and Li for both regions (Table 5). However, sig

nificant inter-regional differences (p<0.05, Mann-Whit

ney test) in concentrations of Rb and Co were found. On 

the other hand, low levels of Ag and Cs were measured in 

mussels from all sites and no significant inter-regional 

differences were observed. Similarly, low Ag and Cs levels 

were noted in fish species from Manila Bay, Philippines.19)

Generally, the order of concentration of highly toxic 

chemicals in green mussels examined was Cd > Hg > Pb. 

The maximum Cd concentration of 0.960 ƒÊg g-1 dry 

weight was mea, Samar 

(PHSMJB), followed closely by those collected from Vil

lareal, Samar (PHSMVR) (0.760 ƒÊgg-1 dry weight). Simi

lar range of Cd concentrations were observed in Mytulis 

edulis from the northern coast of Portugal (0.7-0.9 ƒÊgg-1 

dry weight)37) and from Urashiro coast, Kyushu, Japan 

(0.92•}0.08 ƒÊgg-1 dry weight).") Mussels from Sapian 

Bay, Capiz (PHCZSP) exhibited the maximum level of Hg 

of 0.680,ƒÊgg-1 dry weight, while the highest Pb concentra

tion of 0.280,ƒÊgg-1 dry weight was detected in mussels 

from Samal, Bataan (PHBTSL). However, Cd and Pb lev

els detected in the present study were much lower than the 

Cd (18.4± 1.73 ƒÊgg-1 dry weight) and Pb (122•}17,ƒÊgg-1 

dry weight) levels in blue mussels from Saganoseki coast, 

Kyushu, Japan, believed to be one of the most polluted 

coastal areas to date.34) Compared on a regional basis, it 

appears that the mean Pb and Hg concentrations are uni

formly distributed, but Cd concentrations in mussels from 

the Visayas region was found to be significantly higher 

than those in mussels from the Luzon region (p<0.05, 

Mann-Whitney test).

Collectively, metal concentrations found suggest that 
the anthropogenic loading of Hg, Pb and Cd to the coasts 
is relatively low. It may be inferred then that green mussels 
from these coastal waters are not adversely affected by 
these metal toxicants and pose no risk for human health.

To our knowledge, this is the first comprehensive report

on the concentrations of butyltins, organochlorine com

pounds and heavy metals in soft tissues of green mussels in 
the Philippines.
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