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ABSTRACT

Reduction in clearance rate was observed in the m@ssebmytilus choru relation to the degree of environmental
pollution. Three sampling sites included the polluted San Vicente Bay, middling polluted Corral Bay, and weakly
polluted Yaldad Bay in southern Chile. Pollution levels were estimated by quantitative analysis of polynuclear aromatic
hydrocarbons (PAHSs) in mussel tissue from the three sites. Mussels from San Vicente showed lowest clearance rates
and highest PAHSs levels in both spring 1998 and summer 1999. Populations from Corral and Yaldad showed generally
low levels of PAHS, so the mussels from Yaldad showed the highest rates of clearance in comparison to Corral and San
Vicente populations. The significant negative relationship (P < 0.001) demonstrated between tissue pollution of the
mussels and their clearance rates argues for the usefulness of the method employing a non-destructive biomarker ir
evaluation of the impact of environmental pollution on marine species.
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RESUMEN

Se observé un deterioro de la tasa de aclaramier@b@mmytilus chorude acuerdo al grado de polucién ambiental.

Se incluyeron tres sitios de muestreos, la bahia de San Vicente muy contaminada, la bahia de Corral con una polucior
intermedia y la bahia de Yaldad, al sur de Chile, con una baja contaminacion. Los niveles de polucion fueron estimados
por analisis cuantitativos de hidrocarburos aromaticos polinucleares (HAPs) en el tejido de los choros zapatos de los
tres sitios de muestreo. Los choros zapatos de San Vicente mostraron la menor tasa de aclaramiento y altos niveles d
HAPs, tanto en la primavera de 1998 como en el verano de 1999. Las poblaciones de Corral y Yaldad mostraron en
general bajos niveles de HAPs, en tanto que los ejemplares de Yaldad presentaron altas tasas de aclaramiento e
comparacion con las poblaciones de Corral y San Vicente. La relacion negativa significativa (P < 0,001) entre la
polucion en el tejido de los choros zapatos y sus tasas de aclaramiento, argumenta la utilidad del método como un
biomarcador no destructivo para evaluar el impacto ambiental de la polucion en las especies marinas.

Palabras clave:Choromytilus chorustasa de aclaramiento, HAPs, biomarcadores, monitoreo ambiental.

INTRODUCTION potential chemical, physical, or biological danger
(EHC 1993). Each of these responses or
In recent years, the search has intensified fdsiomarkers represent an integrated signal of the
innovative study methods for evaluation and depollution level in a given area, and thus an indica-
tection of the impacts of man’s activities relativetor of the toxicological risk to which a natural
to pollution of aquatic organisms in order topopulation of organisms may be submitted (Bayne
promote design and implementation of prevenet al. 1985). The greatest strength of the
tive measures. The developing field ofbiomarkers lies in their capacity for avoiding the
Ecotoxicology has provided new methodologicakerious limitations of classical estimations of
focus, based on physiological, biochemical, oenvironmental toxicology such as the measure-
molecular responses that an organism, populanent of chemical residues in organisms or envi-
tion, or community may reflect under the threat of
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ronmental samples, and to relate acute effects lmf energy necessary for vital functions, butis also
using toxicity testing (Weeks 1998). sensitive to environmental changes such as or-
The biomarkers, especially those which arganic pollutants (Axiak & George 1987b, Axiak
physiological and nonspecific, have been widelet al. 1988, Bayne & Thurberg 1988, Sunila 1988,
used in the laboratory to document and quantifizivingstone & Pipe 1992).
levels of exposure as well as the effects of envi- In the present study, the clearance rate of
ronmental pollutants on organisms. For exposur€horomytilus chorusvas evaluated in individu-
monitoring, the biomarkers have the advantage afls obtained from populations exposed to differ-
rapidly reacting to the exposure and thus uniquelgnt degrees of pollution, and the aromatic hydro-
quantify presence of biologically available pol-carbon content of their soft tissues was analyzed
lutants, and as monitors of effects, they are ableas a quantitative measure of their exposure to
to integrate the effects of multiple stress factorpollutants. These methods were applied with the
(Bayne et al. 1985, Weeks 1998). objective of encountering a nondestructive
The use of new non-destructive biomarkers i®iomarker which could be used to a low level of
important for animal studies, because they magrganization within the ecosystem as a poten-
be designed to reduce the number of animals uséidlly rapid measure having ecological signifi-
and to minimize pain and distress, and for theance.
hazard assessment and conservation of endan-
gered species such as marine mammals. As ani-
mal testing represents the primary basis for reli- MATERIAL AND METHODS
able assessment and management of chemical
risk, the rationale of alternative testing is to mini-Three areas, each exposed to a different level of
mize as far as possible, the use of vertebrates pollution, and separated from each other by 400
testing procedures, particularly by the use of lowekm, were established for collection of test speci-
organisms as a substitute for vertebrates (Fossi&ens ofC. chorus(Fig.1). Two samplings were
Marsili 1997, Walker 1998b in Repetto et al.carried out at each test site, one in spring 1998
2000). and a second during summer 1999. Site A, consid-
Invertebrate species were used primarily as truered to be highly polluted, was located in San
indicator organisms on the basis of abundancé&jicente Bay (3644’ S, 7309’ W) near steel,
sampling facility, and wide spectrum of ecologi-petrochemical, and fish processing industries. Site
cal characteristics and sensitivity to chemicalsB, with intermediate pollution, was in Corral Bay
The use of invertebrates as bioindicators 0¢39°52’ S, 7325’ W) near a fishing port and a
bioaccumulators was therefore implemented besmall town. Site C, with low pollution levels, was
fore that of vertebrates, but their application wasocated on Yaldad Bay (488’ S, 7344’ W) on
marginal and primarily involved developmentalthe Chiloé Island, where the main economic ac-
toxicity and genotoxicity testing. More recenttivity is massive culture of the mussMlytilus
investigations have clearly highlighted the interchilensis
est in using invertebrates to link individual re- Choromytilus chorusvas collected by diving at
sponses with changes in populations or communBm depth in natural banks at San Vicente and
ties, as such correlations will be of great value fo€orral Bays, while at Yaldad the specimens were
rapid, early warning assessment of the enviromebtained from hanging cultures at 4-8 m depth.
mental impact of chemicals (Repetto et al. 2000)All specimens were transported to the laboratory
Sublethal alterations in the physiology ofunder wet conditions, at temperatures near to
bivalves, principally mytilids, have been used inthose at the collection site. For each in vivo
the evaluation of pollution. Bivalves are able taneasurement, 15 individuals were randomly se-
accumulate numerous chemical compounds itected and kept in seawater at a salinity of 30 %o,
their tissues, which directly or indirectly mayand temperatures of 12C (spring) or 15°C
produce significantimpacts on their biology (Mar-(summer). They were fed daily with laboratory
tin et al. 1984, Widdows et al. 1987, Widdows &culturedlsochrysis galbanat 20 x 10 cell L™
Johnson 1988, Widdows et al. 1997). The strudPrior to physiological measurements the shells
tural and functional role of bivalves within awere cleaned of epibionts, and placed in 6 L
community or ecosystem are fundamentally afaerated seawater aquaria for acclimation periods
fected by their physiological processes such asf 12 to 48 h (Widdows 1993).
feeding, respiration, excretion, and growth (Dame
1996). Among the physiological responses of
bivalves, clearance rate is one of the most impor-
tant since it not only is related to the acquisition
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Chemical analyses of tissues tissue homogenized. Standard operation proce-
dures on sample handling and preparation fol-
PAHs were analyzed on pooled (15-20 specitowed guidelines of FAO/SIDA (1983) which
mens)C. chorusfrom each of the three samplingincluded freezing storage of tissues at =18
sites during spring 1998 and summer 1999. Thentil analysis. Homogenized subsamples (10 g)
shells of the mussels were removed and the whoileere Soxhlet extracted and cleaned as described
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Fig. 1: Sampling sites: (A) San Vicente Bay; (B) Corral Bay; (C) Yaldad Bay.
Sitios de muestreo: (A) Bahia de San Vicente; (B) Bahia de Corral; (C) Bahia de Yaldad.
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by UNEP (1992). Perylene as internal standardere fitted with compressed air bubblers to as-
was added to all samples. Analytical methodolsure uniform mixing.

ogy was tested on Standard Reference MaterialOne specimen o€. choruswas added to each
(SRM 2974) containing 14 PAHs at known con-aquarium and allowed 30 min for acclimation to
centrations in mussel tissublytilus edulig, ob- the system, in which the mussel opened its valves
tained from the National Institute of Standardsand showed normal filtering behavior. The CR
and Technology (NIST), Gaithersburg, MD, USA.was determined seven times at 30 min intervals
PAHs recoveries varied between 65-115 % iy collecting 20 mL aliquots of seawater from
certified mussel tissue SRM 2974 (NIST) by spikeach test aguarium and from the control. Algal
ing the samples with perdeuterated PAHs: Phenacell concentrations were measured in the test
threne ¢, Chrysene ¢, Acenaphthene ¢  samples using an ELZONE 180 XY particle
Perilene d,. Four analytical replicates were donecounter equipped with a 120m counting tube.
for each sampling site per season. The CR was determined according to the follow-

PAHs were identified and quantified by using ang relation:

HP 6980 (Hewlett Packard) gas chromatograph

equipped with HP 5973A mass selective detector. CR =V (logC,-log C,) /t

A capillary column HP-5 (Hewlett Packard) of 30

m x 0.25 mm inner diameter x 0.25m film where CR = clearance rate, V = volume, C1 and
thickness was used. Temperature was prdz2 = concentrations of particles at the beginning
grammed at 70C for 4 min, followed by 10C and ending of time interval t.

per min to 30°C and then hold 9 min.

Quantification of the PAHs was carried out
using a five-point calibration curve containingStatistical analyses
80, 60, 40, 25 and 1f8g mL* of a mixture of 16
PAHs (TLC Polynuclear Aromatic HydrocarbonsSince data did not comply with the hypothesis of
Mix, SUPELCO Corp.). The Estimated Detectionanalysis of variance (ANOVA) since they did not
Limit (EDL) of the analytical method was |b)g show a normal distribution, and because their
kgt dry tissue for 10 g sample. variances were not homoscedastic, the non-para-

metric Mann-Whitney U-test was employed (Sokal
& Rohlf 1979). Comparisons were made between
Physiological measurements CR values obtained of. chorusfrom the three
test sites for both spring and summer sampling
Three replicates of the diet (Qalbang supplied periods.
to the mussels were analyzed to determine con-The correlation between the CR @f chorus
tents of inorganic and organic material. Sampleand tissue PAHs concentration was determined
were concentrated on 47 mm diameter GF/C taragsing a Spearman multiple correlation matrix
filters with a pore diameter of 0.7bm and then (Sokal & Rohlf 1979).
washed with isotonic ammonium formate solu-
tion. The filters were dried at 61C for 48 h, and
then analytically weighed to calculate total dry RESULTS AND DISCUSSION
weight of particulate material per L of seawater.
The filters were then ashed at 450 for 3 h to Polynuclear aromatic hydrocarbons
determine the organic fraction of the diet.

Food consumption is normally measured irPAHs concentrations obtained for mussel speci-
terms of clearance rate (CR) defined as the volmens from San Vicente Bay during both sampling
ume of water cleared of particles greater than deasons were significantly higher than those de-
um in diameter per unit time (h) at a retentiortected in populations from Corral and Yaldad (Fig.
efficiency of 100 % (Bayne et 41985). The CR of 2). Significant (P < 0.005) differences were found
mussels in the present study was measured inb&tween populations of. chorusamong com-
static system using the methods of Bayne et apounds detected in the tissues from the three bays,
(1985). Specimens were tested in 6 L seawatexcept between Corral and Yaldad in the spring.
aquariums. In addition to the 15 aquaria per sanBignificant seasonal differences (P< 0.05) were
pling site, a control aquarium was run without tesbbserved just between populations from Corral
organisms to control for sedimentation or multi-Bay. The most relevant compounds (Anthracene
plication of the food algae. Food algae were addeand Phenanthrene) found@ chorudrom Yaldad
at a concentration of 20 x 4€ell L1. Allaquarium and Corral Bays were in high concentrations both

in spring and summer, whereas in San Vicente Bay
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Populathion . .
during spring and summer. The values represent

. ) . o meanst one SD, n = 15; (*) indicates absence of
E'g' hz Cgcr;ce_ntratlo_n ofltg;egl PA(‘]IHS in tlssuleggg statistically significant difference, and numbers in
c- choru .urldngHsApPrlng | an di;mrhner * () indicate between which populations.

oncentracion de s totales en teji ehorus . e
durante la primavera de 1998 y el verano de 1999. Tasa de aclaramiento (L*ty’) enC. chorusdurante .

primavera y verano. Los valores corresponden a promedios
+ una DE; n = 15; (*) indica ausencia de diferencias
estadisticamente significativas, y el nimero en () indica

were found Benzo (k) fluoranthene and Pyrene g§"t"e cuales poblaciones.

higher relative levels (Table 1).
clearance rate measured on mussels from Yaldad

(Fig. 3). The Spearman correlation matrix showed
Clearance rate a significant negative correlation between the

clearance rate and concentration of PAHs in the
During springC. chorusfrom San Vicente Bay tissues, with an r value of -0.82 (P = 0.001) in
had clearance rates significantly lower than thosgpring and -0.79 (P = 0.001) in summer (Fig. 4).
from Corral (P < 0.005) and Yaldad (P < 0.0005), Chronic or acute exposures of marine organ-
with a mean value of 0.67 L'y, which repre- isms to toxic substances may produce deleterious
sented 42 and 48 % of the clearance rates fourdddochemical or biological changes. The clearance
for individuals from Corral and Yaldad, respec-rates in individuals from San Vicente Bay gave
tively. During summer, individuals from San lower values for CR when compared with those
Vicente showed no significant differences in CRoresented by Navarro (1988) for individuals of
from those of Corral, but they were different fromthe same species measured from the Queule River
those of Yaldad (P < 0.001) with a mean value oéstuary (1.56 L tig'!). The specimens from San
0.97 L h'g?. This represented a 43 % of theVicente Bay showed reductions of 57-52 % when

TABLE 1

Concentrations of common PAHgd kg dry wt') in C. chorusduring spring 1998 and
summer 1999; (n = 4)

Concentracién de HAPs comunesgig(kg dry wt') enC. chorusdurante la primavera de 1998 y el verano 1999;

(n=4)
Population
PAHs San Vicente Corral Yaldad
A B A B A B

Phenanthrene 80 231 24 45 149 13
Anthracene 88 96 21 92 49 12
Pyrene 221 309 5 5 25 6
Benzo(k)fluoranthene 130 168 8 24 6 6

(A) = spring sampling, 1998
(B) = summer sampling, 1999
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compared with populations from Corral andindicate that long-term exposure to low concen-
Yaldad Bays, which was a much higher percenttrations of water-accommodated-fractions of oil
age than that obtained by Widdows et al. (1982nay lead to significant reductions in retention
who recorded CR reductions of 15 to 20 % irefficiencies of particles less than 6 tou@ in
Mytilus edulisexposed to 3Qug L* of hydrocar- diameter. This result may be considered of sig-
bons above control values. nificant ecological importance since it implies
The high degree of negative correlation obthat exposed individuals will be able to feed less
tained between the concentrations of PAHs imn the normally abundant, naturally occurring
tissues ofC. chorusand the clearance rates sugfood particles below this size range.
gested that these organic pollutants might be ex- Therefore, these compounds exert a narcotizing
erting a deleterious effect on this physiologicakffect on ctenidial cilia or may produce morpho-
response, and that the degree of stress waslagical alterations of branchial filaments or se-
function of the levels of these xenobiotic chemivere perturbations in ciliated epithelial cells
cals in tissues of the organism. Severa(Auffret 1988). It has been suggested that the
ecotoxicological studies have shown that the cleadecrease in filtering rate in bivalves may be due
ance rate is the component of the energy budgéd the inhibitory effects produced by hydrocar-
most affected by toxic compounds (Howell et albons on the cilia involved with feeding (Bayne et
1984, Axiak & George 1987a, Capuzzo 1988al. 1982) by affecting the My ATPase in the
Widdows & Johnson 1988, Bourdelin 1996), prin-plasma membrane, which provides the energy
cipally saturated hydrocarbons with low boilingnecessary for generation of ciliary movement,
points (ITSEMAP 1994). A detailed study of theand thus transport of water over the gill (Stekoll
effects of hydrocarbons on the gills &enus et al. 1980).
verrucosacarried out by Axiak & George (1987b) Significant decreases in clearance rate due to
showed that exposure to these compounds ra&creases in pollutant levels have been observed
duced the pumping activity of the lateral cilia, asn other field and laboratory studies, such as in
well as interference with normal beating of thethe case of the bivalvesrca zebra(Widdows et
eulaterofrontal cirri, resulting in a decrease in thal. 1990),Macoma balthicgStekoll et al. 1980),
rate of clearance rate. Axiak & George (1987bModiolus demissuGilfillan 1975),Mytilus edulis
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Fig. 4: Correlation between the clearance rate and PAHs concentrat@®ncimorusin populations in

San Vicente (SV), Corral (CO) and Yaldad (YA). Dark symbols are for spring whereas light symbols are

for summer data; n = 70.
Correlacion entre la tasa de aclaramiento y la concentracion de HAPs en poblaciGnefadeisen San Vicente (SV),

Corral (CO) y Yaldad (YA). Los simbolos negros corresponden a los valores de primavera mientras que los blancos a los

de verano; n = 70.
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