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Marine and coastal environments specially coastal lagoons receive a large variety
of pollutants derived from anthropogenic activities (NOAA 1998). Rivers are one
of the main transport mechanisms of these pollutants from terrestrial
environments to the coasts (Witt 1995). On the other hand, the quality of aquatic
environments would assessed through the analysis of organisms considered
indicators of pollution, such as mussels and other bivalve mollusks (Pereira et al.
1992; Jaffé et al. 1995; Lauenstein 1995; Beliaeff et al. 1997).

Bivalve organisms can also be used as indicators to predict expure, effects, and
susceptibility due to the presence of anthropogenic substances (Sericano et al.
1995; Cantillo et al. 1997; Schlenk 1999). They can bioaccumulate a large
variety of pollutants in levels higher than those present in surrounding water or
sediments, and their behavior can be recorded in short periods of time (Baumard
et al. 1998; Solé et al. 2000).

The amount of organic compounds synthesized by humans are well above 1.8
millions and production of new compounds increases each year. Its global
production is about of 100 to 200 million tons per year. These compounds include
the PAH and can be introduced into aquatic environments through atmospheric
transport (Page et al. 1999), sprays, water filtration into the ground, wastewater
(Valerio et al. 2000) and pluvial discharges (Bidleman et al. 1990), which, once
transported are subjected to transformation and bioaccumulation processes (Zhou
et al. 1996).

The environmental importance of PAH resides in their mutagenic and
carcinogenic properties, mainly benzo(a)pyrene (Grimmer 1993).

The objective of this study was to evaluate the baseline levels of PAH in coastal
systems from the Mexican Subtropical Pacific by using the most abundant
bivalve species of this region as biological indicators.

MATERIALS AND METHODS

The study area is located in the coastal zone of the Mexican Pacific, from 28°00°
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N latitude and 111°05° W longitude to 19°12° N latitude and 104°50° W
longitude (Figure 1). Bivalves were sampled in 29 stations during May 1996, in
the region from Guaymas, Sonora, to Puerto Vallarta, Jalisco, Mexico. In each
station, bivalves were collected manually and packed in aluminum foil,
maintained in refrigeration. All samples were oven dried (50°C) and then
macerated and homogenate. The analytical procedure for extraction and
purification of PAH was carried out by the method of UNEP/IAEA/FAO/IOC
(1993). Each set of 5 samples was accompanied by a blank. Five grams of dried
tissue was soxhlet extracted with methanol (250mL) for 8 hr, then added KOH
0.7M (20mL) and tridistilled water and refluxed for 2 hr more. The extract
containing saturated and aromatic fractions was purified by adsorption
chromatography using glass columns (30cm long) packed with alumina and
silica gel. The elution for the fraction 1 (saturated) was made with hexane
(20mL); and the fraction 2 (aromatics) was eluted with 30ml of hexane:
methylene chloride (9:1). The eluates were evaporated in a rotary flask to near 10
mL and then evaporated to near 3 mL under N, flow.

Separation of PAH was made by means of a Hewlett Packard gas chromatograph
model 5890 equipped with capillary fused silica column (30 m x 0.25 mm ID x
0.25um bonded 5%-phenilmethylsilicone). The temperature was programmed
from 30 - 300°C with an increase of 4°C /min. Helium was used as carrier gas
(flow 1 mL/min). Quantification and identification of PAH was by means of a
standard mixture (“Chemical Service” PPH-10M) with 16 PAH: naphtalene
(NA), acenaphthylene (AC), acenaphthene (ACE), fluorene (FL), phenanthrene
(PHE), anthracene (AN), fluoranthene (FLU), pyrene (PY), benzo(a)anthracene
(BA), chrysene (CR), benzo(b)fluoranthene (BbF), benzo(k)fluoranthene (BkF),
benzo(a)pyrene (BP), indeno(1,2,3-cd)pyrene (IP), dibenzo(a,h)anthracene (DA),
and benzo(g,h,i,)perylene (BPE). The limit of detection was 0.01pg/g and
recovery yields were up to 90%. The analytical performance of the method
employed was accredited by the participation of the laboratory in an international
intercomparison exercise conducted by the International Atomic Energy Agency
(IAEA-140) for petroleum hydrocarbons (1997).

RESULTS AND DISCUSSION

A total of 16 individual constituents of PAH were determined in the 29 bivalve
samples, pertaining to five species: Crassostrea palmula, Crassostrea
corteziensis, Crassostrea gigas, Crassostrea iridescens and Mytella strigata.
Mean concentration of PAH each species (Table 1) was as follows: C. iridescens
(6.91/g) > C. palmula (6.47ug/g) > M. strigata (3.44pg/g) > C. corteziensis
(2.16pg/g) > C. gigas (0.75ug/g); statistical differences not significatives
between species were observed (p>0.05).

Figure 2 shows the total concentrations of PAH (XPAH) in each site covered by
this study. It can be observed that the highest level was found in C. palmula with
22.86 pg/g at 11 site located in Pichilingue Bay at South Baja California;
followed by M. strigata (18.16pg/g) at 24 site belonging Mexcaltitan, Nayarit; C.
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Table 1.Mean concentrations of individual polycyclic aromatic hydrocarbons in bivalves
from coastal systems of the Mexican Subtropical Pacific. (pgg'1 dry weight)

Crassostrea | Crassostrea | Crassostrea | Crassostrea Mytella
COMPOUND palmula corteziensis gigas iridescens strigata
COMPOUND AVERAGE
NAPHTALENE <0.01 <0.01 <0.01 <0.01 <0.01
ACENAPHTHYLENE <0.01 <0.01 <0.01 0.15 <0.01
ACENAPHTHENE 0.26 0.07 <0.01 0.14 <0.01
FLUORENE <0.01 <0.01 <0.01 <0.01 <0.01
PHENANTHRENE 0.19 <0.01 <0.01 0.80 <0.01
ANTHRACENE 0.21 <0.01 <0.01 <0.01 <0.01
FLUORANTHENE 0.64 0.08 <0.01 0.18 0.08
PYRENE 1.21 0.12 <0.01 0.21 0.20
BENZO(a)ANTHRACENE 0.38 <0.01 <0.01 0.19 0.15
CHRYSENE 0.28 <0.01 <0.01 0.18 0.18
BENZO(b)FLUORANTHENE 0.57 0.26 0.41 0.23 1.57
BENZO(K)FLUORANTHENE 1.55 1.41 0.34 248 <0.01
BENZO(a)PYRENE 0.36 <0.01 <0.01 2.07 0.26
INDENO(1,2,3-cd)PYRENE 0.65 <0.01 <0.01 <0.01 0.35
DIBENZO(a,h)ANTHRACENE <0.01 o1 <0.01 <0.01 0.22
BENZO(g,h,)PERYLENE 0.17 <0.01 <0.01 0.25 043
MEAN LEVELS FROM
COLECTED SITES 6.47 2.17 0.75 6.91 3.44
BENCENIC RINGS

2 0.58 0.16 <0.01 0.14 <0.01

3 3.14 0.24 <0.01 0.66 0.18

4 717 3.25 0.3 1.32 295

5 2.66 0.48 <0.01 1.17 221

8 9 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24 25 26 27 28 20

Subtropical Pacific. (|.Jgg'1 dry weight).

Figure 2. Total concentration of PAH in sampling sites in the Mexican

a=Crassostrea palmula; b=C. corteziensis; ¢c=C. gigas; d=C. iridescens; e=Mytella strigata
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corteziensis (13.19ug/g) at 9 site in Ohuira, Sinaloa; C. iridiscens (10.24png) at 29
site in Puerto Vallarta, Jalisco; the rest of the samples showed levels below

10pg/g.

C. iridescens is a marine specie associated to rocky substrates in sub-tidal areas.
These specimens were collected in Puerto Vallarta (Jalisco) and in the Mazatlan
Bay (Sinaloa), both ports have an intense marine traffic, large human settlements
that include agroindustrial, fishery, and tourist activities, which are sources of
PAH. On the other hand, C. palmula is a specie that lives associated to the roots
of mangroves, where marine conditions predominate, in semi-enclosed water
bodies of coastal lagoons and bays, whose hydrological conditions allow the
residence time of PAH. The average level found in this specie (6.47pg/g) is
mainly due to activities as maintenance and washing of vessels which are
common in Pichilingue locality, La Paz, BCS. The mussel, M. strigata, inhabits
the muddy plains, and is associated to mangrove roots and shallow muddy slimes
of the coastal lagoons. For this specie, the greatest concentration belonged to the
locality of Mexcaltitan, a region considered to be a lacunar complex located in
the state of Nayarit, and which can function as a pollutants trap.

In the five analyzed species, the PAH benzo(b)fluoranthene predominates, the
highest average concentration was found in M. strigata with 1.57 pg/g, followed
by C. palmula with 0.57 pg/g, whereas in the other three species levels below
0.42 pg/g were recorded. Fluoranthene, pyrene, and benzo(k)fluoranthene were
found in four of the five species. Chrysene, benzo(a)anthracene, benzo(a)pyrene
and benzo(ghi)perylene were only found in C. palmula, C. iridescens and M.
strigata (Table 1). It must be noted that in C. gigas only benzofluoranthenes were
detected.

Considering the amount of benzene rings that constitute them, general
distribution of PAH showed the following behavior: 4 > 5 >3 > 2 (Table 1). This
distribution suggests a mixed origin of the sources (pyrolysis and petrogenesis)
from which the hydrocarbons are derived, ie., coastal vegetation burning,
industrial and urban drains and effluents from diverse types of vessels (Hong et
al. 1995; Sherblom et al. 1995; Page et al. 1999). The PAH predominating in the
five species of bivalve analyzed were as follows: benzo(k)fluoranthene (38%),
benzo(b)fluoranthene (24%), pyrene (17%), benzo(a)pyrene (11%) and
indeno(1,2,3,-cd)pyrene (10%).

Previous data reported in the Mussel Watch Program, indicated a range of
concentrations for PAH of 0.1 to 0.6pg/g for oysters and mussels from the Pacific
coast and the Gulf of Mexico (O’Connor, 1992; Lauenstein et al. 1995; Sericano
et al. 1995; Cantillo et al. 1997). Indeed, Jaffé et al. (1995) reported mean
concentrations of 0.04pg/g in the bivalve Tivela mactroidea from the
Venezuelan littoral, where a high impact of oil activities is present.

Gold-Bouchot et al. (1997) established a range of concentrations of 0.01-

0.24ug/g for Crassostrea virginica, in mexican areas of the Gulf of Mexico, and
Jackson et al. (1994) reported a range of 0.21 to 0.35pg/g of PAH for the same
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specie in the northern part of the Gulf of Mexico. In contrast, the concentrations
of PAH determined in this study are higher than those found in previous
published data, with values from 0.75 in Crassostrea gigas up to 6.9ug/g in
Crassostrea iridescens, thus, indicating a high bioaccumulation process.

The presence and high concentrations of PAH in the organisms analyzed,
indicate their bioavalability, and the fact to find a dominance of them with high
molecular weights would indicate their fast sedimentation and later
bioaccumulation by benthic species (Pereira et al. 1992; Baumard et al. 1998). In
laboratory experiments, it has been observed that mollusks bivalves showed high
bioconcentration to heavy PAH as benzo(a)anthracene with depuration rates of
almost 30 days (D’Adamo et al. 1997).

The mollusks analyzed in this study are within the consumption habits of the
Mexican market. Therefore a continuous surveillance as well as the establishment
of the regulatory permissible limits for human consumption is indispensable not
only in Mexico but throughout the world, since no international standards are
available that limit the permissible concentration of these compounds in the
marine organisms tissue.

Acknowledgments. This research was supported by grant from CONACyT Project
No. 0185P-T. We thank Alicia Duran for her help drawing the map.

REFERENCES

Baumard P, Budzinski H, Garrigues P, Sorbe JC, Burgeot T, Bellocq J (1998)
Concentrations of PAHs (Polycyclic Aromatic Hydrocarbons) in various
marine organisms in relation to those in sediments and to trophic level. Mar
Poll Bull 36: 951-960

Beliaeff B, O’Connor TP, Daskalakis DK, Smith PJ (1997) U.S. Mussel watch
data from 1986 to 1994: Temporal trend detection at large spatial scales.
Environ Sci Technol 3: 1411-1415

Bidleman TF, Castleberry AA, Foreman W, Zaranski WT, WallDW (1990)
Petroleum hydrocarbons in the surface water of two estuaries in the
southeastern United States. Est Coastal Shelf Sci 30: 91-109

Cantillo AY, Lauenstein GG, O’Connor TP (1997) Mollusc and sediment
contaminant levels and trends in South Florida coastal waters. Mar Pollut
Bull 34:511-521

D’Adamo R, PelosiS, TrottaP, Sansone G (1997) Bioaccumulation and
Biomagnification of polycyclic aromatic hydrocarbons in aquatic organisms.
Mar Chem 56: 45-49

Gold-Bouchot G, Zavala-Coral M, Zapata-Pérez O, Ceja-Moreno V (1997)
Hydrocarbon concentrations in oysters (Crassostrea virginica) and recent
sediments from three coastal lagoons in Tabasco, Mexico. Bull Environ
Contam Toxicol 59: 430-437

Grimmer G (1993) Relevance of polycyclic aromatic hydrocarbons as
environmental carcinogens. In: Garrigues P and Lamotte M (eds) Polycyclic
aromatic compounds synthesis, properties, analytical measurements occurrence

491



and biological effects, vol3. Gordon and Breach Science Publishers SA,
Amsterdam, p 1259

Hong H, L. Xu L, Zhang L, Chen JC, Wong YS, Wan TSM (1995) Environmental
fate and chemistry of organic pollutants in the sediment of Xiamen and Victoria
Harbours. Mar Pollut Bull 31: 229-236

Jackson TJ, Wade TL, McDonald TJ, Wilkinson DL, BrooksIM (1994)
Polynuclear aromatic hydrocarbon contaminants in oysters from the Gulf of
Mexico (1986-1990). Environ Pollut 83: 291-298

Jaffé R, Leall, Alvarado J, Gardinalis P, Sericano J(1995) Pollution effects of
the Tuy river on the Central Venezuelan Coast: Anthropogenic organic
compounds and heavy metals in Tivela mactroidea. Mar Pollut Bull 30: 820-
825

Lauenstein GG (1995) Comparison of organic contaminants founding mussels
and oysters from a current Mussel Watch Project with those from archived
mollusk samples of the 1970s. Mar Pollut Bull 30: 826-833

National Oceanic and Atmospheric Administration (NOAA) (1998) Chemical
Contaminants in Oysters and Mussels by Tom O’Connor. NOAA'’s State of the
Coast Report. Silver Spring, MD:NOAA

O’Connor TP (1992) Recent trends in coastal environmental quality. Results
from the first five years of the NOOA Mussel Watch project. NOAA
Rockville, MD. 46pp

Page DS, Boehm PD, Douglas GS, Bences AE, Burns WA, Mankiewicz PJ
(1999) Pyrogenic polyclyclic aromatic hydrocarbons in sediments record past
human activity: A case study in Prince William Sound, Alaska. Mar Pollut Bull
38:247-260

Pereira WE, Hostettler FD, Rapp JB (1992) Bioaccumulation of hydrocarbons
derived from terrestrial and anthropogenic sources in the Asian Clam,
Potamocorbula amurensis, in San Francisco Bay Estuary. Mar Pollut Bull 24:
103-109

Schlenk D (1999) Necessity of defining biomarkers for use in ecological risk
assesments. Mar Pollut Bull 39: 48-53

Sericano JL., Wade TL, Jackson TJ, Brooks JM, Tripp BW, Farrington JW, Mee
LD, Readmann JW, JP Villeneuve, ED Goldberg (1995) Trace organic
contamination in the Americas: An overview of the US National Status &
Trends and the international “Mussel Watch” Programmes. Mar Pollut Bull 31:
214-225

Sherblom PM, Kelly D, Pierce RH (1995) Baseline survey of pesticide and PAH
concentrations from Sarasota Bay, Florida, USA. Mar Pollut Bull 30: 568-563

Solé¢ M, Porte C, Barceldo D, Albaigés J (2000) Bivalves residue analysis for the
assessment of coastal pollution in the Ebro Delta (NW Mediterranean). Mar
Pollut Bull 40: 746-753

UNEP/IAEA/FAO/IOC (1993) Guidelines for monitoring chemical contaminants
in the sea using marine organisms. Reference method No. 6. United Nations
Experts Pollution (UNEP)

Valerio F, Piccardo MT, Grasso E (2000) Precision of Benzo(a)pyrene (BaP)
Analysis in mussel tissue. Mar Pollut Bull 40: 551-554

Witt G (1995) Polycyclic aromatic hydrocarbons in water and sediment of the
Baltic Sea. Mar Pollut Bull 31: 237-248

492



Zhou JL, Fileman TW, Evans S, Donkin P, Fauzi RCM, Rowland SJ (1996)
Seasonal distribution of dissolved pesticides and polynuclear aromatic
hydrocarbons in the Humber Estuary and Humber Coastal Zone. Mar Pollut
Bull 32: 599-608

493



