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Abstract Crassostrea virginica (the Eastern or American

oyster) bioaccumulates pollutants from the water column,

and therefore, its tissues can be used as bioindicators of

past and present estuarine health. In this pilot project, we

decided to investigate whether its tissues would be a suit-

able medium for toxicity testing using tissues from a va-

riety of southern Texas locations of known and suspected

anthropogenically impacted and unimpacted areas. We also

conducted toxicity tests on sediments adjacent to oyster

reefs using standard protocols for sediment toxicity. We

tested the toxicity of tissues and sediments on the lumi-

nescent bacteria Vibrio fischeri, whose bioassays are

commonly referred to by the trade name Microtox�. Mi-

crotox tests are quick, relatively inexpensive and sensitive

to a range of contaminants. Evidence from this preliminary

study suggests that conducting toxicity tests on oyster tis-

sues may predict localized contamination better than when

conducting toxicity tests on subtidal sediment. The re-

finement of these methods to use oyster tissues to detect

contamination may be especially useful for environmental

impact studies and/or studies where rapid and inexpensive

information is needed.

Keywords Oyster � Toxicity � Pollution � Crassostrea
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Introduction

Bivalve molluscs are considered sentinels for aquatic

health because they are sedentary, filter their food from the

water column, incorporate contaminants in their tissues and

are relatively long-lived so assimilate contaminants over

long time periods (Farrington 1983; Boening 1999). In the

USA, the Eastern (or American) oyster, Crassostrea vir-

ginica, has been used for estuarine health monitoring be-

cause of their ability to bioaccumulate pollutants, including

trace metals, pesticides, PCBs, DDT and other organic

contaminants (Presley et al. 1990; Sericano et al. 1990a, b;

Jackson et al. 1994; Sericano et al. 1996; Aguilar et al.

2012). However, the laboratory analysis of a large suite of

contaminants present in oyster tissues can be expensive and

time consuming.

The quality of aquatic environments may be assessed

using a variety of methods (Day et al. 1995; Weideborg

et al. 1997). Toxicity bioassays are a common technique

that can be used to test for the presence and biological

effects of a single or combination of contaminants (e.g.,

Sprague 1969; Couillard et al. 2009). The bacteria Vibrio

fischeri (Beijerinck 1889; formerly Photobacterium phos-

phoreum) has been used successfully in toxicity bioassays

to determine environmental quality (e.g., Kwan and Dutka

1992; Carr et al. 1996; Jennings et al. 2001; Morehead

et al. 2008, Girotti et al. 2008). The most common V. fis-

cheri bioassays, frequently used in methodologies under

the trade name Microtox� (Johnson 2005), have the ad-

vantage of being fast, simple, inexpensive and sensitive to

a range of contaminants (Ribo and Kaiser 1987; Ramaiah

and Chandramohan 1993). The history of environmental

contamination in aquatic systems can be found in the un-

derlying sediments because of adsorption to sediment

grains and gravity. However, problems with using the
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Microtox sediment bioassays have been identified when

there are differences in sediment grain size and/or subse-

quent turbidity, pH and color of the sample solution used in

the toxicity test (Ribo and Kasier 1987; Campisi et al.

2005; Lappalainen et al. 2001).

Oysters have significant exposure to contaminants

through their suspension-feeding activities and relatively

immobile living positions (Salazar and Salazar 1997). The

aim of this pilot study is to determine whether there is

evidence to suggest that oyster (C. virginica) tissues can be

used as an alternative to sediment in Microtox bioassays as

indicators of estuarine health. The secondary aim is to

determine whether the relative toxicity of oyster tissues

mirrors that of the surrounding sediments. Results have

important implications for the detection of environmental

contamination of aquatic systems, such as those due to the

Deepwater Horizon oil spill that occurred in the Gulf of

Mexico in 2010. This study occurred in Texas, USA, in

June and July 2013.

Materials and methods

Nine subtidal sites in three South Texas, USA, estuaries in

the northwestern Gulf of Mexico were sampled for oysters

and sediment between 20 June and 18 July 2013 (Table 1;

Fig. 1). Each site was a priori categorized as being in either

a ‘disturbed’ or a ‘natural’ environment. Site selection was

based on local knowledge and documentation of historic

and recent water and sediment chemistries (predominantly

found in Montagna and Palmer 2012). A site was labeled

‘disturbed’ if it was in close proximity to urban structures

such as breakwaters and buildings or was in a location

known to have sediment contamination issues. There is

known industrial runoff and documented zinc and copper

legacy contamination in Nueces Bay (Nicolau and Hill

2011; Montagna and Palmer 2012). The Corpus Christi

Bay site is in close proximity to the Corpus Christi inner

harbor and the Corpus Christi marina. The concentrations

of arsenic, copper and lead in Corpus Christi inner harbor

has frequently exceeded the Texas Commission for Envi-

ronmental Quality (TCEQ) standards for water quality

(Montagna and Palmer 2012). The Laguna Madre A site is

adjacent to a small marina, where boat cleaning and the

fueling of boats occur.

A site was labeled as ‘natural’ if it was far ([1 km) from

any significant urban development. It is likely that these

‘natural’ sites are affected by humans in some way (e.g.,

indirect agricultural runoff); however, the impacts are low

relative to the disturbed sites. No large-scale persistent

major concentrations of non-nutrient contaminants have

been reported in the water or sediments in Aransas Bay, St.

Charles Bay or the upper Laguna Madre (Montagna and

Palmer 2012).

Six to eight live oysters (C. virginica) and three sedi-

ment samples were collected from each site during the

summer of 2013. Sediment was sampled to a depth of 3 cm

using a handheld 6.3-cm-diameter core and homogenized.

Samples were refrigerated at approximately 4 �C and

assessed for toxicity within 72 h. At each site, water col-

umn salinity was measured, and additional cores were

collected for sediment grain size analysis. The proportion

of four sediment size classes (rubble, sand, silt and clay) in

each sample was determined using a combination of siev-

ing (for sand and rubble) and the pipette method (for silt

and clay) following the methods of Folk (1965).

Sediment and oyster toxicity were assessed using the

Microtox� basic solid-phase test (BSPT, Strategic Diag-

nostics Inc. 2009). The BSPT exposes the luminescent

bacteria V. fischeri, which loses luminescence as the toxi-

city of a sample increases. For each sample, aliquots of V.

fischeri were simultaneously exposed to different concen-

trations of oyster tissue or sediment to measure the loss in

luminescence and calculate an effective concentration 50

(EC50). The EC50 is the concentration (of tissue or sedi-

ment) that causes a 50 % loss in luminescence (Ribo and

Table 1 Site descriptions

Site Site name Latitude Longitude Disturbed/natural Salinitya

CC Corpus Christi Bay 28.815040 -97.389803 Disturbed 38.6

AB Aransas Bay 28.122456 -96.971354 Natural 34.5

NB-A Nueces Bay A 27.825708 -97.418545 Disturbed 39.2

NB-B Nueces Bay B 27.828702 -97.417512 Disturbed 39.9

NB-C Nueces Bay C 27.858187 -97.376730 Disturbed 40.5

LM-A Laguna Madre A 27.631827 -97.240632 Disturbed 44.5

LM-B Laguna Madre B 27.620553 -97.212667 Natural 40.3

CB Copano Bay 28.135497 -97.053484 Natural 35.7

SC St. Charles Bay 28.123960 -96.971800 Natural 34.5

a (psu) at time of sampling
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Kaiser 1987). The EC50 was then converted to toxicity

units (TU = 100/EC50 in mg l-1) to increase inter-

pretability of the result (TU values are proportional to

toxicity, whereas EC50 values are inversely proportional to

toxicity).

Sediment tests were completed according to the standard

BSPT protocol, using a maximum sediment concentration

of 7 g sediment per 35 ml diluent (2 % NaCl). Oyster tests

used homogenized tissue from one to three oysters

(4–18 g) in 50 ml of diluent and used as the maximum

concentration. Three replicate toxicity tests were run for

each site for both sediment and oyster samples. A Micro-

tox� Model 500 Analyzer was used with standard protocols

of 30-min exposure time to the sample (Strategic Diag-

nostics Inc. 2009; now distributed by Modern Water Inc.,

Delaware).

To determine the dry-to-wet ratio of each sample, 5 ml

of each sample in suspension were weighed and dried for at

least 24 h. The conversion to dry weight was recommended

by Ross et al. (1999) to account for any differences in

water content among oyster and sediment samples. TU

values were then recalculated using maximum concentra-

tions of sediment/tissue as a dry weight.

A one-way ANOVA was used to determine the differ-

ence in TU values for oyster and sediment samples from

the nine sites. Tukey’s pairwise comparisons were used to

determine differences between individual sites following

the ANOVA tests. Data were log transformed to improve

normality prior to the ANOVA. Spearman’s rank correla-

tions were used to determine linear correlations between

sediment and oyster TU values. To ensure that oyster size

did not have an effect on tissue toxicity, the size (length) of

the oysters analyzed was correlated with tissue toxicity

(TU). Sediment and oyster TU values were also correlated

with salinity and sediment grain size groupings (rubble,

sand, silt and clay) to determine whether basic environ-

mental variables were related to oyster and sediment

toxicity.

Results and discussion

The toxicities of the oyster tissues (TU) were sig-

nificantly different from each other among sites

(p B 0.0015; Fig. 2a), with toxicities from the disturbed

sites tending to be higher than those from natural sites.

Oyster tissue toxicity from Nueces B, a disturbed site,

was significantly higher than from the Aransas Bay,

Laguna Madre B and St Charles Bay sites, all of which

were labeled natural sites. The toxicities of oyster tissues

from other sites were not significantly different from

each other.

Sediment toxicity was also significantly different among

sites (p \ 0.0001; Fig. 2b). However, the four lowest

Fig. 1 Nine subtidal sites in three South Texas estuaries in the western Gulf of Mexico were sampled for oysters and sediment. Sites were

classified as ‘disturbed’ or ‘natural’; see Table 1
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toxicities were observed in four of the five sites that were

labeled as disturbed (Laguna Madre A, Corpus Christi Bay,

Nueces A and Nueces B). The two highest mean sediment

toxicities were observed in two natural sites (St. Charles

and Aransas Bays).

The dry- and wet-weight toxicities of the corre-

sponding sediment and oyster tissues were highly

correlated with each other. The Spearman’s correlation

between wet and dry sediment toxicities was 0.96, and

between wet and dry oyster toxicities was 0.99 (both

p \ 0.0001). Dry oyster toxicities were weakly

negatively correlated with dry sediment toxicities

(r = -0.42; p B 0.0313).

Oyster toxicity was not correlated with salinity or any of

the four grain size groups. However, sediment toxicity was

correlated with silt (r = 0.80; p B 0.0096) and clay con-

centrations (r = 0.70; p B 0.0358). The toxicity of oyster

tissues was not correlated with oyster size (r = -0.17;

p B 0.3991).

The amount of toxic content in an organism depends on

contaminant concentration in the environment, its

bioavailability and bioaccumulation (Cotou et al. 2002).

The toxicity of oyster tissues as determined by the Mi-

crotox BSPT was as expected, with the lowest toxicities

occurring at the natural sites and highest toxicities occur-

ring at the most disturbed sites. This supports previous

research by Lau-Wong (1990), where tissues extracted

from mussels and clams demonstrated changes in lumi-

nescence in Microtox bioassays that were related with their

degree of toxic content.

The relative toxicities of the surrounding sediments in

the current study did not mirror those of the oyster tissues,

and the differences between natural and disturbed sites

were inconsistent. The unexpected differences in toxicity

among sediment samples is most likely due to differences

in sediment grain size because toxicity was significantly

correlated with the concentration of silt and clay in the

sediment. Sediment grain size is known to confound toxi-

city results in Microtox sediment bioassays (Ringwood

et al. 1997) and was an impetus in this study for assessing

the use of oyster tissue as an alternate indicator of toxicity.

Sediments with high clay concentrations can demonstrate

increased toxicity values (low EC50 values) due to inter-

ference caused by the adsorption of the bacteria V. fischeri

onto these fine sediment particles (Ringwood et al. 1997).

This documented grain size bias is consistent with results

in this current study where samples with expected low

toxicity, but high silt and clay contents have apparent

higher toxicity than expected.

Color and turbidity of sediments, which can be related to

grain size distributions, have also been shown to affect

apparent toxicities as assessed by Microtox BSPT (Campisi

et al. 2005; Lappalainen et al. 2001). Toxicity tests using a

solvent extraction of contaminants can resolve problems

with grain size in toxicity tests; however, solvents can

prove toxic to the bacteria and will not necessarily repre-

sent the bioavailable contaminants (Tay et al. 1992; Mar-

iscal et al. 2003; Doe et al. 2005). Steps using controls for

factors such as sediment grain size and color correction can

be made; however, this requires a comprehensive set of

testing using uncontaminated sediment of similar physical

properties. Finding uncontaminated sediment with similar

properties can be difficult. The uniform consistency of

oyster tissues among sites (relative to the sediments) makes

them more appropriate for Microtox bioassays without the

need for solvents to extract contaminants.

Conclusion

This pilot study shows promise that oyster tissues have the

potential to be a better medium to use in Microtox toxicity

Fig. 2 Toxicity of a dry oyster tissue and b dry sediment collected

from nine sites. Boxes represent the minimum, median and maximum

values. Dots represent the mean. Letters indicate Tukey’s groupings
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tests than unmodified sediment when determining the

contamination exposure among estuarine locations. Among

biological effect methods, strong correlations have been

shown between Microtox and the more complex scope-for-

growth method, suggesting the easier to use Microtox is a

reasonable alternative for assessing the quality of marine

coastal environments (Cotou et al. 2002). However, an

obvious limitation of this method is that it is restricted to

the areas of estuaries that have, and continue to have,

oyster populations. Nevertheless, if a suitable target area

contains oyster populations, this simple and inexpensive

assessment of estuarine disturbance might be useful. Fur-

ther detailed studies using oysters and sediments with

known quantities of contamination by specific toxicants

will be useful in determining the full extent in which oyster

tissues can be used as a medium for contaminant exposure.
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