
Introduction

Zooplankton are potentially used for ecotoxicological

studies, considering their short period of life cycle and the

ease and speed of making quantitative measurements of mor-

tality and reproduction, and their sensitivity to common pol-

lutants. Although less attention has been paid to the biomass

of this lower end of the marine food chain, there are few re-

ports on levels of organotin compounds in zooplankton and

toxicity tests in laboratories that have demonstrated adverse

ecotoxicological effects of organotin compounds on zoo-

plankton population. Taylor et al. (2002) provided some in-

formation on the nonlinear responses of plankton communi-

ties to the environmental perturbations, and suggested that

plankton, especially copepods, the most abundant zooplank-

ton, are more sensitive indicators of environmental change.

Annual world consumption of organotin compounds

grew from 35,000 tons in 1986 (Maguire 1987) to 50,000

tons in 1992 (Guruge et al. 1996). Among the 260 known

organotin compounds, 36 are potentially very hazardous to

natural resources (Eisler 1989). Among these compounds,

butyltins including the mono-, di- and triibutyltins (MBT,

DBT, TBT) are the most well known organotin compounds.

The most concerned butyltin compounds is TBT, since it is

used not only as a marine biocide in anti-fouling paint, but

also in wood treatment and preservation, antifungal action in

textiles and industrial water system (Extoxnet 1996). TBT is

a highly tioxic biocide (USEPA 2003), and therefore there

has been a great deal of public concern focused on the eco-

toxicological aspects of this compound. The International

Maritime Organization (IMO) has adopted a convention to

ban the application of organotin compounds especially as an

antifouling agent after January 2003 and forbid its usage

after 2008. Restrictions on the use of TBT antifouling paints

have yet to be established elsewhere in ASEAN, but recently

the subject has been receiving increasing attention. In In-

donesia, there still is no regulation banning the application of

organotin chemicals (Rumengan et al. 2008). Widespread

contamination of BTs along the coastal waters of Asian de-

veloping countries including Indonesia in 1990s has been re-

ported by several authors (Ellis and Pattisina 1990, Evans et

al. 1995, Sudaryanto et al. 2002, 2004, 2005, Midorikawa et

al. 2004b, Rumengan et al. 2008).

Contamination of organotin compounds has been of

global concern, due to their ubiquity in water ecosystem, and

most often present at lower nanomolar concentrations in

water but then accumulate in aquatic organisms (Atanasov et

al. 2005, Hu et al. 2006). The persistence of organotin com-

pounds in the environment is a function of physical (adsorp-

tion to suspended solids and sediments), chemical (chemical

and photochemical degradation) and biological (uptake and

biological degradation) removal mechanisms (Eghomwanre

2005). After the publication of Rumengan and Ohji (2008),
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almost no new report on the toxic effects appeared on marine

zooplankton. Such systematic toxicity studies of organotin

compounds on the secondary producers of aquatic food chain

have not been reported, after studies of Ohji et al. (2002a,b,

2003, 2004) conducted on caprellid amphipod. This review

aims to contribute to the dissemination of information related

to toxicity effects of organotin compounds on zooplankton.

Bioaccumulation
Soluble organotin compounds in the water column are

available to zooplankton through direct contact, and the com-

pounds may be taken up either through such direct biochemi-

cal process, cellular diffusion or filtering mechanisms

(Eghomwanre 2005). The filtering mechanism is a pathway

associated with feeding behaviour of zooplankton as filter

feeders. This lead to the potential biomagnification of organ-

otin compounds via zooplankton (Rumengan and Ohji 2008).

As reviewed by USEPA (2003), the solubility of organ-

otin compounds is influenced by its status, oxidation/reduc-

tion potential, pH, temperature, ionic strength, and concen-

tration and composition of the dissolved organic matter. The

solubility of tributyltin oxide (TBTO) in different pH was re-

ported by Maguire et al. (1984) to be 750 mg l�1 at pH of 6.6,

31,000 mg l�1 at pH of 8.1, and 30,000 mg l�1 at pH 2.6.

Harino et al. (1998) found that the partition coefficients of

TBT to sediment, plankton, and mussels from the Port of

Osaka were higher than those of DBT and MBT, and those of

TBT to plankton and mussels were higher than those in sedi-

ment. Accumulation of organotin compounds in zooplankton

could be 70,000 times the concentration in ambient seawater

(Takahashi et al. 1999), and even up to 150,000 times the

concentration in the seawater of the Port of Osaka (Harino et

al. 1999).

Evidence exists which implies that organotin com-

pounds can be transferred through the marine food chain, no-

tably that based on filter feeders and predatory species

(Cooney 1988). Field and laboratory studies on trophic mag-

nification factors of organotin compounds in a marine food

web are very limited. Lee et al. (2006), who conducted a field

study on accumulation of organotin compounds in different

taxa, suggested that TBT and TPT accumulations in fish

might arise principally from their feed, and indicated, cir-

cumstantially, that biomagnification has occurred along the

aquatic food chain.

Verslycke et al. (2005) reported their studies on toxi-

cant-induced biomarker responses and population effects of

TBT on resident mysids. High concentrations of organotin

compounds in these benthic zooplankton indicated that po-

tential point sources are their feed such as detritus, algae and

other zooplankton. TBT concentrations of �50 ng l�1 in

water would be high enough to result in effects on low

trophic level organisms.

As discussed in Rumengan and Ohji (2008), there are

two applicable factors, a bioaccumulation factor (BAF)

which is the ratio of the concentration of the organotin com-

pounds in an organism derived from both water and food to

the concentration of the compounds in ambient water, and

bioconcentration factor (BCF) which is the ratio of the con-

centration of organotin compounds in organisms which is 

derived from water only to the concentration of the organotin

compounds in ambient water. The food chain transfer 

number f (unitless) can be calculated from the difference be-

tween BAF and BCF divided by the ratio of the concentration

of contaminant in food and the concentration of contaminant

in ambient water. If values of f are �1.0 biomagnification is

inferred. Hu et al. (2006) calculated a trophic magnification

factor of 3.70 for TPT compared to TBT which is only 0.59.

Sun et al. (2001) have assessed the biomagnification of

butyltins for three species at relatively low trophic levels, e.g.

algae (Platymonas sp.), rotifers (B. plicatilis), and mysids

(Neomysis awatschensis). The food chain transfer number f

was 1.44 between the algae and rotifers , but only 0.59 be-

tween the rotifers and mysids.

Toxicity effects
The general order of toxicity of organotin compounds

increases with the number and chain length of organic

groups bonded to the tin atom from one to three, and de-

crease with the incorporation of a fourth, making triorganotin

more toxic than other forms. Within triorganotin, toxicity in-

creases as the number of carbon atom in the organic moiety

increases from one to four, then decrease (USEPA 2003).

Thus the most toxic to aquatic life is TBT. At cellular level,

toxic effects of organotin compounds take place primarily

through interactions with membrane lipids (Eng et al. 1988,

Avery et al. 1993), because of their lipophilicity. White et al.

(1999) proved that the site of action of organotin compounds

is both at the cytoplasmic membrane and intracellular level

of microorganisms including plankton. TBT may cross bio-

membranes more easily than the hydrophilic cations and in-

teract with cytosolic enzymes (Fent and Looser 1995, Velt-

man et al. 2006), resulting in higher accumulation levels.

TBT acts as an enzymatic inhibitor and affects the transport

of ions across cell membrane (USEPA 2003).

As summarized in Table 1, it is clear that acute toxicity

data for zooplankton are limited to a few species, and very

limited species have been used for both acute and chronic

toxicity tests. The lethal concentrations of TBT for copepods

are below 2 mg l�1, much lower than those for rotifers and

meroplankton. USEPA (2003) has calculated or interpolated

graphically from original acute toxicity data the following

order of sensitivity to tributyltin oxide: calanoid copepod

Acartia tonsa (0.24 mg l�1), mysid Acanthomysis sculpta

(0.42–1.68 mg l�1), harpacticoid copepod Nitocra spinipes

(1.9 mg l�1), mysid Metamysidopsis elongata (�0.97 to

6.8 mg l�1), and mysid Mysidopsis bahia (1.1 to 2.2 mg l�1).
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U’ren (1983) suggested that the threshold concentration of

acute toxicity (i.e. the concentration at which toxicity starts)

for A. tonsa is below 0.3 mg l�1 TBTO.

Generally, meroplankton stages of any tested species are

more sensitive to organotin compounds than the adults.

Beaumont and Budd (1984) exposed veliger larvae of the

mussel Mytilus edulis to TBTO for 15 days and found that no

larvae survived longer than 5 days in 10 mg l�1 TBTO, or

longer than 10 days in 1 mg l�1 TBTO. Larvae of the lobster

Homarus americanus did not survive more than 6 days when

exposed to 5 mg l�1 TBTO (Laughlin and French 1980, cited

in U’ren 1983).

In our preliminary experiment using milkfish fries with

average body size of 26.9 mg in weight and 1.8 cm in length,

collected from a coastal water in North Sulawesi, the TBT

concentration that start to have an acute effects is 0.01 mg l�1,

and the 48 h LC50 is 10 mg l�1 (Table 1). This meroplankton

is much more resistant than the holozooplankton, copepods

and rotifers.

Toxicity effects on population level are field assessed on

the imposex phenomenon and morphological changes and

population related parameters, such as growth and reproduc-

tion. Organotin compounds are suspected endocrine-disrupt-

ing chemicals because they cause irreversible sexual abnor-

mality (masculinization) in female mollusks, called “impo-

sex” (Filho et al. 2010) and linked to immuno-supression in

molluscs (USEPA 2003). Laboratory investigation for this as-

sessment is based on chromic toxicity experiments.

Determination of the the lowest observed effect concen-

tration (LOEC) is a prerequisite for any chronic toxicity test.

Most antifouling compounds have LOEC values at mg l�1

levels, which represent the initial toxicity threshold of a

chemical (Fernandez-Alba et al. 2002, USEPA 2003). Be-

cause plankton are generally more sensitive than the organ-

isms at higher trophic levels, most chronic toxicity tests for

plankton are conducted at 0.001–0.1 mg l�1 levels. Generally,

the no observed effect concentration (NOEC) for phyto-

plankton and zooplankton is �1 ng l�1 (Extoxnet 1993, Lin-

ley-Adam 1999).

As shown in Table 1, only a few data is available on

chronic effects of organotin compounds on zooplankton.

Chronic effects of TBT on plankton are clearly highly varied

amongst plankton species. Nevertheless, from the early

1980s to the present day, laboratory studies have continued to

show that, at low levels, the chronic effects of organotin com-

pounds may have considerable impacts on plankton dynam-
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Table 1. Toxicity effects of TBT on zooplankton

Zooplankton Lethality 
Chronic 

TBT (mg l�1) Chronic effect value Reference
taxon category

(mg l�1)

Calanoida
Acartia tonsa 48 h-LC50 1.100 Bushong et al. (1987) 
A. tonsa 96 h-LC50 0.948 U’ren (1983)
Eurytemora affinis 72 h-LC50 0.600 Reproduction ability reduced �0.088 Bushong et al. 1987; Hall et al.

(1987, 1988)

Harpacticoida
Nitocra spinipes 96 h-LC50 1.895 Linden et al. 1979

Mysida
Acanthomysis sculpta 96h-LC50 0.420 Reduction in reproduction 0.1308 Davidson et al. (1986a,b)
Mysidopsis bahla 96 h-LC50 1.100 Goodman et al. 1988

Rotifera
Brachionus plicatilis 24 h-LC50 300 Snell et al. 1991a,b

Caprellidae
Caprella danilevskii 48 h-LC50 5.900 Survival reduction, morphological 0.01 Ohji et al. 2002a, 2003a

alterations, inhibition of maturation

Milkfish fry
(Chanos chanos) 48 h-LC50 10 Unpublished data
Larval Pacific oyster 
Crassostrea gigas 96 h-LC50 1.557 Thain 1983 in USEPA 2003

Larval blue mussel 
Mytilus edulis 96 h-LC50 2.238 Thain 1983 in USEPA 2003

Postlarval hard
clam M. mercenaria 96 h-LC50 0.015 Becerra-Huencho, 1984 in USEPA

2003



ics and morphology in culture, although data are available

only for some species, mainly copepods and meroplankton,

mostly from subtropical waters. The available data on

chronic values for TBT, including those for some copepod

species, are all below 0.01 mg l�1 (USEPA 2003). A. tonsa

showed inhibition of development at 0.003 mg l�1. Many re-

ports demonstrate that reductions in growth occur in com-

mercially or ecologically important marine species at con-

centrations of TBT less than the final chronic value of

0.0658 mg l�1. Hall et al. (1987) performed chronic tests on

E. affinis and found that TBT had a significant effect at

0.2 mg l�1 TBT, whilst the threshold was apparently 0.1 mg l�1

TBT—much higher than that in A. tonsa. U’ren (1983) found

that some copepods exposed to 0.3 mg l�1 TBTO (equivalent

to 0.285 mg l�1 TBT) became moribund at 96 h and effective

survival was only 63% after 6 days. Organotin compounds

may also inhibit the developmental rate of larvae of marine

copepods at 1 ng l�1, whereas the survival of larvae was af-

fected at 15 to 20 ng l�1. A. tonsa is particularly sensitive to

TBT (Extoxnet 1993). Two partial life-cycle toxicity tests

have been conducted using the copepod E. affinis (Hall et al.

1987). The chronic value was �0.088 mg l�1 in this test. The

percentage survival of neonates was significantly reduced

(73% lower than control survival) at 0.22 mg l�1. The chronic

value in this test was 0.14 mg l�1, while the geometric means

of the NOEC and LOEC were 0.094 mg l�1 and 0.224 mg l�1,

respectively. Compared to copepods, the saltwater mysid,

Acanthomysis sculpta is more resistant to TBT. The effects of

TBT on survival, growth, and reproduction of A. sculpta

were determined by Davidson et al. (1986a, b) in five sepa-

rate tests lasting from 28 to 63 days. The number of juveniles

released per female at a TBT concentration of 0.19 mg l�1

was 50% of the number released in the control treatment.

Numbers of females releasing viable juveniles was reduced

in 0.19 and 0.33 mg l�1 TBT. At concentrations of 0.38 mg l�1

and above, survival and weight of female mysids were re-

duced; all mysids in 0.48 mg l�1 died. Based on reproductive

effects, the geometric mean of chronic values was 0.13 mg l�1

(USEPA 2003).

Chronic toxicity effects on meroplankton are compara-

ble to those for holozooplankton. Beaumont and Budd (1984)

have reported �50% mortality in the larvae of mussels M.

edulis exposed to 0.1 mg l�1 TBTO for 15 d (i.e., 15-d LC50

approximately 0.1 mg l�1 tributyltin oxide), and most surviv-

ing larvae were moribund and had grown significantly more

slowly than controls. It is clear that TBT causes adverse re-

productive and developmental effects in aquatic organisms at

very low concentrations (USEPA 2003). Comparable level of

chronic effect for marine gastropods, even at very low con-

centrations (a few ng l�1), TBT triggers the development of

male sex characteristics in female (BUA Report 2003).

Tocixity effects of organotin compounds at the commu-

nity level are lacking, except a citation of USEPA (2003)

from a study in San Diego Bay by Lenihan et al. (1990) who

hypothesized that changes in faunal composition in hard bot-

tom communities were related to boat mooring and TBT. In

an ecotoxicological risk assessment for aquatic ecosystems,

the lowest effective value can be based either on the LOEC

of 0.002 mg l�1 (imposex in the dogwhelk Nucella lapillus:

Davies et al. 1987) or the EC10 of 0.0007 mg l�1 (develop-

ment in A. tonsa, copepods: Kusk and Petersen 1997).

USEPA (2003) develops for TBT the criterion to protect salt-

water aquatic life from chronic toxic effect is 0.0074 mg l�1

(lowered to protect growth of commercially important mol-

luscs, survival of the ecologically important copepod A.

tonsa, and survival of the ecologically important gastropod

N. lapillus).

Results from long-term studies with organisms from at

least three trophic levels indicated that the predicted no-ef-

fect concentration (PNEC) for aquatic ecosystems, based on

the value for A. tonsa, is 0.07 ng l�1 (BUA Report 2000).

Organotin coumpounds alters development and sexual pa-

rameters of reproductive system (Filho et al. 2010). The ac-

cumulation of a organotin compound in a zooplankton could

result in inhibition of reproduction ability, which will then re-

duce the population.

Even though toxicity data with zooplankton are limited

to several species, some zooplankton are good indicator for

assessment of organotin compounds, particularly tributyltin

(TBT) contamination in marine environment. Snell and

Janssen (1995) consider that rotifers are useful in ecotoxico-

logical studies due to some reasons including the ease and

speed of making quantitative measurements of mortality and

reproduction, their sensitivity to common pollutants, and the

commercial availability of cysts. As an example, the rotifers

Brachionus have proved to be a better indicator organism for

assessing environmental gradients than the entire zooplank-

ton assemblage. Hence, this taxon can be considered a target

taxon for more intensive monitoring and conservation plan-

ning (Austoni et al. 2006).

Chronic toxicity levels are in range of one-thousandth to

one-tenth part per billion, and generally the (NOEC for zoo-

plankton is 1 ng l�1 (Extoxnet 1996). The term ‘no effect’ is

usually directed to no reduction or inhibition in a biological

process, while a toxic compound even could increase or stim-

ulate a biological process (hormesis). Although hormesis is

associated to an acute toxicity effect, but it probably has

long-term effects afterwards. Hormesis could be interpreted

as indicative of a particular response of a physiological sys-

tem to a toxin.

Future recommendation
Assessment of any ecotoxicological risk of organotin

compounds on plankton could be laboratory-based works on

the potential transfer pathway of organotin compounds from

seawater to zooplankton through feeding mechanism. This
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could lead to further assess the threat of biomagnification to

public health, especially from fish and other seafood of that

might consume contaminated plankton. Acute and chronic

bioassays are possible approaches for that achievement. Zoo-

plankton used in bioassays should be of a single genotype as

a world-wide standard for ecosystem testing.

The toxicity and potential hazard of organotin com-

pounds to zooplankton community remain areas for future

studies. Field works on monitoring on zooplankton commu-

nity as a compartment in ecosystem are obviously necessary

to evaluate any disturbance including the impacts of organ-

otin compounds input. Contamination simplifies the assem-

blage of certain taxa and prompts the numerical dominance

of a handful of species. It is obvious that the number of

species decreased in polluted circumstances and that the

more severe the level of contamination the greater the reduc-

tion, and therefore the field surveys should cover both spatial

and temporal variation over the hot spot and uncontaminated

areas. There is none a single factor in nature could be

charged as the cause of disturbance in zooplankton, either in

population or community levels. Therefore, monitoring on

plankton should be based on the integrated multi tasks ap-

proaches. The data of butyltin in zooplankton from long-term

monitoring are only provided by Harino et al. (1999) for the

Port of Osaka. However, they have just observed the total

zooplankton, not the community assemblages as reported for

some zooplankton species that appear typical of eutrophic

waters (Gulati 1983, Austoni et al. 2006, and Javed 2006).

Long-term monitoring program on the organotin compound

contamination in marine ecosystem compartments including

zooplankton is obviously necessary for assessment of the ef-

fectiveness of global ban.
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