Molloy College
Digital Commons@Molloy

Faculty Works: CERCOM CERCOM

8-1991

Biodepuration of polynuclear aromatic
hydrocarbons from a bivalve mollusk, Mercenaria
mercenaria L

John T. Tanacredi Ph.D.
Molloy College, jtanacredi@molloy.edu

Raul R. Cardenas

Follow this and additional works at: https://digitalcommons.molloy.edu/cercom fac

b Part of the Aquaculture and Fisheries Commons, Biodiversity Commons, Biology Commons,

Environmental Chemistry Commons, Environmental Health and Protection Commons,

Environmental Indicators and Impact Assessment Commons, Environmental Monitoring

Commons, Marine Biology Commons, Sustainability Commons, and the Terrestrial and Aquatic

Ecology Commons
Digital Commons@Molloy Feedback

Recommended Citation
Tanacredi, John T. Ph.D. and Cardenas, Raul R., "Biodepuration of polynuclear aromatic hydrocarbons from a bivalve mollusk,

Mercenaria mercenaria L' (1991). Faculty Works: CERCOM. 4.
https://digitalcommons.molloy.edu/cercom_fac/4

This Peer-Reviewed Article is brought to you for free and open access by the CERCOM at Digital Commons@Molloy. It has been accepted for
inclusion in Faculty Works: CERCOM by an authorized administrator of Digital Commons@Molloy. For more information, please contact
tochtera@molloy.edu,thasin@molloy.edu.


https://digitalcommons.molloy.edu?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.molloy.edu/cercom_fac?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.molloy.edu/cercom?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.molloy.edu/cercom_fac?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/78?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1127?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/41?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/134?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/172?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1015?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/931?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/931?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1126?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1031?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/20?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/20?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
http://molloycollegelibrary.com/machform/view.php?id=6801
https://digitalcommons.molloy.edu/cercom_fac/4?utm_source=digitalcommons.molloy.edu%2Fcercom_fac%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:tochtera@molloy.edu,thasin@molloy.edu

cavauil. OCt 19CTHIOL 1931, £O, 1409~ 140 |

Biodepuration of Polynuclear Aromatic Hydrocarbons from a Bivalve Mollusc,

Mercenaria mercenaria L .

John T. Tanacred!*'' and Raul R. Cardenas'?$

National Park Service, Gateway NRA, Division Natural Resources, Brooklyn, New York 11234, and Environmental Health
Science Program, Department of Civil and Environmental Engineering, Polytechnic University, Brooklyn, New York 11201

® Mercenaria mercenaria, exposed in vitro for 48 h to nine
parent polynuclear aromatic hydrocarbons (PAHs) found
in waste crankcase oil (WCCO) and analyzed by multi-
parametric analysis over a 45-day depuration period in an
activated carbon.filtration aquaria system, did not depu-
rate PAHs, but rather maintained them at detectable
levels. Uptake of PAHs was shown to be directly related
to clam weight. A cluster analysis of empirical results
reaffirmed a biostabilization in PAH groupings in clam
tissue over a 45-day depuration period and exhibited no
evidence of a decreasing trend in total PAHs when sub-
jected to ANOVA. Due to the commercial importance of
hard-shell clams, the practices of clam depuration and clam
relaying are reviewed in light of potential long-term public
health exposures to low-level xenobiotics and the impli-
cations for human consumers.

Introduction

Oil pollution of our coastlines and estuaries continues
to be a chronic global environmental problem. ‘A consid-
erable quantity of the petroleum hydrocarbons, estimated
at 0.86 million metric tons annually (7) entering the marine
environment from the land via storm and sanitary sewers
and urban and river runoff, can be attributed to waste
crankcase oil (WCCO) (2, 3). Polynuclear aromatic hy-
drocarbons (PAHs) are found in WCCO (4, 5). Impacts
from waste petroleum hydrocarbons may be considerable
when one takes account of the fact that the estuaries and
coastal seas receiving these wastes, despite comprising only
10% of the total global marine environment, support ap-
proximately 99% of the total world fish population and
shellfish production (6). WCCO contains heavy metals and
volatile organics, as well as a variety of PAHs formed by
the high-temperature combustion in atitomobile engines
(7). PAHs are a class of compounds that are toxic, car-
cinogenic, and mutagenic. Table I shows the distribution
of 10 common PAHs found in WCCO as well as other
media. The presence of PAHs in the natural environment
is a global phenomenon (8) with absolute concentrations
being highest for samples taken in the vicinity of human
activity and lowest for samples taken from more primitive
environments. Mueller et al. (9) noted that urban runoff,
which contains a considerable quantity of WCCO, is re-
sponsible for a substantial portion of the petroleum-related
hydrocarbons entering the marine environment of New
York.

The availability of petroleum-related pollution from
PAHs to commercially important marine organisms is of
major concern to many coastal ecologists (10). Chronic
petroleum pollution of commercial shellfish species has
been suggested to be so widespread that carcinogen con-
tamination of seafoods may occur not only in obviously
polluted waters, but also in waters deemed suitable for
commercial seafood production (11).
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The shellfish industry in New York has been adversely
affected in recent years by a host of anthropogenic pollu-
tants as well as the overharvesting of available shellfish
stocks. Because of the possibility of contamination by a
variety of pollutant sources, the clamming industry has
developed several practices to aid in the rejuvenation of
shellfish harvesting. One practice, called “relaying”, in-
volves the-removal of clams from “contaminated” natural
waters and placement of these organisms in “certified”
natural waters to allow depuration, or self-cleansing of
bacteria, and then"commercial harvesting of the trans-
planted ‘clams for human consumption. Bacteriological
standards for the human consumption of shellfish are -
assumed to have been met by clams depurated in certified
waters (waters that meet coliform test standards and water
temperatures of 50 °F or better) for 21 days. However,
PAHs, such as those in WCCO, react similarly to other
lipophilic compounds and accumulate in biological tissue.
Moreover, PAHs may not be subject to the normal meta-
bolic processes exhibited by filter-feeding bivalves. Thus,
the potential persistence of compounds such as PAHs
beyond a 21-day bacteriological depuration period is highly
probable (12).

It is also possible that shellfish and other organisms
taken from areas with a history of oil contamination have
levels of compounds that, in turn, “bioactivate” other
complex compounds found in WCCQ into mutagens and
carcinogens (13). Neither the mechanism nor the quan-
titation of partitioning of PAHs between aqueous media
and various types of lipid tissue has been fully explored,
and the long-term public health risks of ingestion of sea-
food containing subtoxic levels of chronically contributed
xenobiotic contaminants such as PAHs is lacking (14).
Since seafood is a major source of global food, the impact
of bioavailable, bioconcentratable, petroleum-related
compounds such as PAHs to human health was a major
concern of this investigation. In an effort to investigate
the ability of naturally occurring bivalves to cleanse
themselves after exposure to a variety of PAHs (all found
in WCCO), a laboratory. experiment utilizing the bivalve
mollusc Mercenaria mercenaria was designed.

Experimental Section

Nine parent PAHs frequently exhibited in WCCO, yet
only a small part of the host of PAHs found in any pe-
troleum product (4, 32) was of interest in this study:
naphthalene, biphenyl, fluorene, phenanthrene, fluoran-
thene, pyrene, chrysene, benzo[a]pyrene, and benz[a]-
anthracene. In order to establish the aqueous stability of
the nine PAHs, a UV-fluorescence spectroscopy syn-
chronous excitation technique (15, 16)-was used to pre-
screen total PAHs added to a control synthetic seawater
aquarium tank (no clams) over 45 days.

Laboratory exposure of bivalve molluscs (Mercenaria
mercenaria L.) to the nine reference PAHs was carried out
in three additional 20-gall (75.7-L) glass aquarium tanks
each with 20 clams. A 1.147 ppm PAH standard acetone
solution (Supelco Co., Inc.) in seawater (Instant Ocean
Aquarium Systems, Inc., Eastlake, OH) was added to each
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Table I. Mean Percentage Distribution of Waste Crankcase Oil PAH Characterizations®

Hoffman et al. (32)

Peake and Parker (4) Tanacredi®
PAH WCCO urban runoff atmos fallout  STP* sediment WCCO
naphthalene ND 1.3 0.7 32.0 0.5 45.2
biphenyl ND 0.8 0.5 1.7 0.4 44
fluorene 6.0 2.7 29 24 1.2 4.4
phenanthrene 32.1 10.0 15.7 4.7 7.1 13.8
fluoranthene 17.9 25.2 33.5 3.0 17.9 4.5
pyrene 215 12.6 10.3 2.9 18.3 ND
benz[a]anthracene 3.6 11.6 8.7 0.2 7.4 4.7
chrysene 10.2 15.8 34 0.7 13.2 214
benzo(a]pyrene 1.4 48 3.0 0.2 17.3 1.5
anthracene 1.3 NT NT NT NT NT

¢ND, none detected. NT, not tested. > WCCO from oil change in 1978 Ford with 107200 miles and a previous oil change after 4023 miles.

10W /40 SAE oil analyzed by HPLC for this investigation. ¢STP, sewage treatment plant.

Table II. Summary of HPLC Findings. PAHs Extracted and Distributed in M. mercenaria from Exposure Tanks

Tank 2 (Postexposure Sample Taken)

2h 10h 2 day 14 day 30 day 45 day total
Naph 101.0 22.0 55.0 29.0 21.0 0.0 228.0
Bi 51.3 34.8 79.2 54.1 64.0 73.3 356.7
Fl 61.2 20.7 32.7 47.3 A8.1 65.2 275.2
Phen 1040.0 94.7 169.0 390.0 633.0 392.0 2718.7
Flor 1320.0 241.0 199.0 376.0 663.0 335.0 3134.0
Pyr 470.0 131.0 61.9 205.0 201.0 203.0 1271.9
BaA 25.9 °18.8 25.5 27.3 33.5 13.4 1444
Chr 166.0 78.3 26.5 61.3 48.4 100.0 480.5
BaP 260.0 72.2. 46.6 97.8 99.4 67.8 643.8
PAH totals 3495.4 713.5 695.4 1287.8 18114 1249.7 9253.2
Tank 3 (Postexposure Sample Taken)
2h 2 day 7 day 14 day 30 day 45 day total
-Naph 0.0 ND 57.0 117.0 52.0 48.0 274.0
Bi 84.1 872 114.0 72.0 45.5 68.5 471.3
Fl 39.3 68.1 62.2 424 34.3 45.2 291.5
Phen 161.0 .548.0 766.0 316.0 221.0 415.0 24217.0
Flor 265.0 521.0 757.0 239.0 511.0 730.0 3023.0
Pyr 201.0 300.0 ND? 128.0 126.0 243.0 998.0
BaA 209 25.5 « 49 16.8 19.8 19.0 106.7
Chr 31.6 255.0 13.9 81.7 222.0 15.7 < 619.9
BaP 52.3 147.0 52.8 127.0 43.5 211.0 633.6
PAH totals 855.2 1951.8 1827.6 1139.9 1275.1 1795.4 8845.0
Tank 4 (Postexposure Sample Taken)
2h 10h 2 day 7 day 14 day 30 day total
Naph 114.0 95.3 ND 438.0 0.0 119.0 766.3
Bi 63.0 48.7 76.9 285.0 65.6 48.0 587.2"
Fl 58.0 39.8 32.3 89.8 75.1 51.0 346.0
Phen 368.0 892.0 193.0 442.0 612.0 300.0 2807.0
Flor 195.0 1010.0 364.0 423.0 779.0, 1450.0 4221.0
Pyr 113.0 223.0 104.0 28.2 359.0 97.2 924.4
BaA 33.0 43.0 20.5 16.8 33.3 9.7 165.3
Chr 8717.0 163.0 93.8 9.9 204.0 90.5 1438.2
BaP. 131.0 368.0 313.0 48.6 250.0 67.5 1178.1
PAH totals 1952.0 2882.8 1197.5 1780.3 2378.0 2232.9 12423.5

s All values in nanograms per gram of wet tissue weight. ®ND, not detected.

tank. Filter systems were operated initially without any
carbon for 48 h in order to afford maximum uptake and
exposure of PAHs to clams. “Mother-stock” clams were
maintained in separate tanks from which the experimental
exposure clams were randomly selected. Because the stage
in the life cycle of organisms at the time of analysis may
influence hydrocarbon -distribution; all clams were 7-8
years old, or in the commercial“cherrystone” age group,
though this age differentiation can be variable from estuary
to estuary. The mean wet weight (MWW) for exposure
clams was 32.9 & 514 g. All tanks were maintained in the
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dark and kept at constant temperature (21.5 + 1 °C), pH
(8.2), and salinity (S%.) (27 ppt). All parameters were
monitored every other day. ) _

Two clams, selected randomly from each tank, were
established as “background organism” samples, shucked,
and extracted. The remaining clams were left in the ex-
posure tanks for the 48-h PAH exposure time. Carbon
filters were added to the filter pumps only after the 48-h
exposure period. Two clams were sequentially, yet ran-
domly, removed for HPLC analysis (Table II). Each
two-clam sample from each of the three exposure tanks

R R R
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represented the pooled clam sample for that particular
sample “depuration” time. Water samples of exposure
tanks were periodically analyzed for quality assurance/
quality control (QA/QC) purposes by GC-MS after carbon
filtration and during the clam depuration period.

All exposure aquaria had Instant Ocean seawater pre-
viously recirculated continuously for 60 days through ac-
tivated charcoal, 250 L/h pump rate, Eheim filtration
pump systems (Ehiem Filter Co., Inc.) prior to clam ex-
posure experiments. All water samplw were extracted with
methylene chloride in separatory funnels. All organism
samples were Soxhlet extracted for 8 h in research grade
hexane. (Fisher Scientific, Inc.).

The sample extracts were rotary evaporated to 35 mL.
In order to reduce a variety of interferences, sample ex-
tracts were applied to a chromatographic colurn (1%
water-deactivated silica/alumina gel) and the benzene—
methanol elutriate was collected for analysis. All extracts
were concentrated to1-2 mL and subjected to either
HPLC (clams) or GC-FID/GC-MS (water, activated-
carbon extracts) analysis. Clam specimens were rinsed
several times in distilled water, blotted dry, and weighed
for total wet tissue weight (TWTW). Original clam tissue
was stored in a freezer at ~10 °C. Extraction for analysis
started within 48-52 h of removal from exposure tanks.
Three times the TWTW of anhydrous sodium sulfate was
added to each two-clam sample. The sample was blended
and ground for 2 min at high speed. Tissue homogenates
were placed in hexane-prewashed Soxhlet thimbles and
Soxhlet extracted for 8 h at approximately 20 cycles/h.

Water and periodic control clam sainples were analyzed
by gas chromatography on a Perkin-Elmer Sigma 3 and
a Hewlett-Packard 5880A gas chromatograph, both
equipped with capillary glass columns and flame ionization
detectors (FID). The columns were 0.25 mm X 30 m DB-1
glass capillaries attached to a spitless injector. Temper-
ature programming was initiated at 80 °C (held for 2 min),
and programmed temperature increases of 4 °C/min were
maintained to a final temperature of 310 °C and held for
12 min isothermal. Injector port temperature was 260 °C
and detector temperature was 310 °C. All peak resolution
and identification were accomplished by comparison of
retention times for gluted compounds to retention times
of eluted internal standard PAHs.

The GC-MS analysis conducted on water and on in-
vertebrate food extracts was doneby using a'computerized
Perkin-Elmer GC-MS equipped with a 6 ft X 0.1 in id.
glass capillary column packed with 1% SP-1000 on Car-
bopack B (60/80 mesh). ‘The GC-MS was capable of
scanning from 20 to 260 amu every 7 s, utilizing 70-V
electron energy in the electron impact ionization mode.

HPLC analyzes of exposure clam extracts were con-
ducted on a Hewlett-Packard 1084B HPLC (U.S. EPA ID
167831), with a 25 cm X 4.6 mm i.d. Vydac 201TP column.
A calibration range for the HPLC-UV detector system was
prepared and analyzed by using Supelco PAH mixture
610M. The solvent and oven temperatures were 30 °C.
The gradient used was 50% acetonitrile and 50% water
for the first 2 mih, then increased to 100% acetonitrile by
15 min, arid held there for 5 min. The UV-fluorescence
detector was set at 254 nm, the instrument flow rate was
1.50 mL/min, and-a 25-uL injection size was used on each
sample run. When chromatograms posed matrix inter-
ferences, direct quantification of the analyses was made
impossible by either area estimation or by peak height
measurements. Under these circumstances the sample was
diluted by one-fourth and analyzed by a method of
standard additions. The linearity of the range was eval-

}0’0 H #* 5-I0HR
1
i
I PerkinElmer MPF-44B
90 + | Emission Slit = 10
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| Delta = 20 wu
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Figure 1. Synchronous fluorescence excitation emission spectra for
control tank § water samples.

uated for each compound by comparing the center
standard to the upper and lower standards and calculating
the percent relative error. The relative percent error for
each parameter was consistently less than 15% for all
compounds and was considered acceptable.

A synchronous excitation (SE) fluorescence spectro-
scopic method was used, which was previously described
by Frank (17) and Frank and Gruenfeld (18). All UV-
fluorescence analyses were conducted on a Perkin-Elmer
MPF-3 UV—fluorescence spectrophotometer with two in-
dependent monochromators, a 150-W xenon arc light
source, and 10-mm path length. Synchronous excitation
of the individual water sample was accomplished by ex-
citing it at 20-nm wavelength intervals between 240 and
480 nm. The excitation wavelength was maintained 20 nm
less than the emission wavelength during the synchronous
scan.

Results

The control tank (T5) contained PAH-contaminated
water, no clams, and no carbon filtration system. Results
of UV-fluorescence analysis (Figure 1) were corroborated
by GC/GC-MS quantification of the nine PAH standard
concentration of 1.147 ppm added initially to the control
tank TH water. This was done to establish total PAH
concentration stability over a 45-day clam depuration
period as a control reference for bioavailability to clams
in exposure tanks (T2, T3, T4). The total PAH concen-
trations retained in nanograms per gram of wet tissue
weight and detected by HPLC in organisms over the 45-
day depuration period are shown in Figure 2. For each
interval there were three replicates, each composed of two
clams, providing for six clams per depuration time sample.
Measured concentrations from each two-clam sample were
then averaged for further analysis, yielding 18 sample data
points for each PAH (Table II and Figure 2).

The means and standard deviations (probable error) for
the averaged PAH values (N = 18) exhibited a diverse
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Total PAH's in Organisms

000 7 M Tank 2

M Tank 3
M Tank 4

Concentration - ng/g wet tiasne weight

8.e8 8.42 2 38 4
Days

Figure 2. Days of depuration in activated-carbon-filtered aquaria.

pattern of standard deviation values, prompting some
concern regarding the stability of statistical results for
individual PAHs. Furthermore, it was strongly suspected
that the results from some PAHs were significantly cor-
related, possibly due to the similarity in chemical structure.
Specifically, the mean values of each compound in Figure
3 exhibited a general clustering of compounds across de-
puration times samples, and Figure 4 shows this clustering
is consistently observable within each exposure tank.
Nevertheless, it was also clear that both-inter- and intra-
tank variability exists in measured concentrations. Though
tanks 2-4 were exposure tank replicates, intratank clam
extracts exhibitéd a variance between amounts of each
PAH individually retained (Figure 4). Further work on
the specific mechanism driving the depuration kinetics of
PAHs in clam tissue is clearly required.

To address the above concerns, a hierarchical cluster
analysis was performed on the known PAHs. Basically,
this type of analysis classifies PAHs with similar patterns
and levels of nanogram per gram concentrations across the
eight sequential time samples (2 h to 45 days). Technically,
the objective measure of similarity used is the cosine of
the angle between twa octuple vectors representing the
nanogram per gram levels per time sample for two com-
pounds. PAH pairs with smaller angles (i.e., cosines near
1.0) are considered to be more similar. Note that this is
an empirical, rather than analytical, grouping process and
may not replicate for other types of organisms. The cluster
analysis method is'then used on a 9 X 9 similarity matrix
to construct groups with high internal ,slmxlantles of PAHs
and low external similarities to PAHs in other: groups.

When this similarity matrix, given in Table III, was
analyzed with the unweighted pair group average
(UPGMA) method (19, 20), three groups emerged between
a rescaled distance 10 and 15 of the dendrograms in Table
II (Phen + Flor + Pyr + BaP + BaA), (Naph + Bi + 1),
and (Chr) This grouping is somewhat parallel to a loglcal
grouping based on mdélecular weight, solubility, and ring
structure. In particular, group I compounds (Naph + Bi
+ Fl) have the highest solubilities,”lowest molecular
weights, and two-ring structures; group IF compounds
(Phen' + Flor + Pyr) have intermediate valuesfor solubility
and molecular weight, and three- or four-ring structures;
finally, group III compounds (BaA + Chr + BaP) have the
lowest solubilities, the highest weights and four- or five-fing
structures. Given this parallel to the empmcal results, and
the small sample size, the logical grouping probably makes
more sense. Therefore, results were pooled within these
groups for the following analyses.

In Figure 5, a graphic representation is given of depu-
ration rates in the three PAH logical clusters. The locally
weighted regression technique is used to smooth the actual
data points to enhance interpretability of the trend. An
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Table III. Hierarchical Cluster Analysis Summary.of All
Results
A. Cosine S!.li.l‘risz Coefficient Matrix

Variable SUBL SUB2 SUB3 SUBA SUBS SUB6 SyB? )2

SUB2 «8496
SuUB3 6775 8974
SUB4 5467 .7250  .8976
SUBS L5258 L6471  .8398  .9044
SUB6 .3371 5811 .B305  .8709 .82
+ SUB7 25004  .5905 .7748 7172 .88 .7091
SUBS .4102 4538 6274  .5430 45 45355 .5513 )
SUB9 .3947 L5873 .7634  .8490 .80 .851% +6990 5466
B. Dendrogram

Rescaled Distance At Which Clusters Combine

CASE [ S 10 15 20 25
Label Seq + + + + +
SUB4 4 .
SUBS 5 T I——---——--
SUB6 6 +
5B S {
SuB? 7 —————————— e}
SUB2 2 ————m e
SUB3 3 :l— ]
SUBL 1 —————————— e —
SUB3 8
c. a berghip of Cases Using Average Liskage (UPGMA)
Nunber of Clusters

Label Case 8 7 6 5 & 3 2
SUB1 1 1 11 1 1 1 1
SUB2 2 2 2 2 2 1 1 1
SUB3 3 3 2 2 2 1 1 1
SUB4 4 4 3 3 3 2 2 1
SUBS 5 4 3 3 3 2 2 1
SUB6 6 5 4 4 3 2 2 1
Sus? 7 6 5 S 4 3 2 1
SUB8 8 7 6 6 5 4 3 2
SuBg 9 8 ? 4 3 2 2 1

examination of the smoothed data trends reveals no evi-
dence of a decrease in total PAHs from clam tissue. Group
II shows the highest overall readings although there is a
slight dip in the trend at intervals 2 and 4. Group III
shows some downward trend, but levels off at interval 4.
Group I readings are uniformly low throughout the time
sample sequence. It is important to note that the total
sample is dominated by Group II (Phen + Flo + Pyr) since
this group accounts for the majority of the detected PAHs
(Figure 38).

A statistical analysis was also performed to test the null
hypothesis that the nanogram per gram concentration
maintained a uniform value across time intervals (i.e., H°:
fy = pig = ... = pg). The null hypothesis was rejected oply
for biphenyl at a = .05. This resu]t was probably-due to
an unusually; high reading for the 7-day sampling, which
was 100% higher than the next largest reading. Thus, the
ANOVA results show no evidence,of a downward trend
across the eight time intervals, which corresponds to the
graphical results in Figure 5. However, average PAH
concentrations for every PAH did test as significantly
different from 0. These findings strongly suggest that
PAHSs (1) do accumulate in clam tissues and (2).do not
depurate significantly within a period of 45 days. Thus,
the nine PAHs at the detectable bioavailability values were
sequestered and appear to have been stabilized in clam
tissue over the entire 45-day depuration period. Detectable
levels of all nine reference PAHs were recovered in clam
tissues after the full 45-day period. Clams in all exposure
tanks were observed with extended siphons so that normal
pumping or filtering activity by the clam species continued
after exposure.

Discussion

The majority of previous investigations have shown that
marine organisms are able to release petroleum hydro-
carbons from their tissues rapidly when they were returned
to petroleum-free environments, (21, 22). Boehm and
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Quinn (23), however, have reported that M. mercenaria
L. chronically exposed to petroleum hydrocarbons accu-
mulated them to high levels-in their tigsues and failed to
release them when returned to clean seawater over a
120-day depuration period. They suggested that hydro-

Cluster—3

Cluster-2
Clusters I-III are, respectively, groups I-III.
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DEPURATION

INTERVAL

2 HR

10 HR

2 DAYS

T DAYS

14 DAYS

30 DAYS

45 DAYS

carbons released from molluscs exposed to xenobiotics for
long periods of time would be extremely slow due to (1)
an accumulation of hydrocarbons in a more stable tissue
compartment (e.g., lipids) and (2) the organisms being in
a positive nutritional balance. In this investigation, clams
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exposed to the nine PAHSs, mostly found in WCCO and
associated with urban-influenced estuarine ecosystems,
were not supplementally féd over the depuration period
and yet the accumulated PAHs were still not dépurated.
The nine PAHs were immediately sequestered (i.e., within
48 h) and remained at relatively constant concentrations.
Eliniination of PAHs over the 45-day depuration period
was not achieved. The results lend evidence to PAH
maintenance being initiated in hard-shell clams over rel-
atively short term periods. Unlike other marine taxa, this
“sequestering” in molluscs- may support the apparent in-
ability of molluscs to metabolize PAHs to more water
soluble and thus easily secreted polar metabolites. This
increased “stabilization” and accumulation of parent PAHs
is in agreemént with Brown and Pancirov (24) and may,
as they have suggested, show a long-term selective uptake.
of these specific aromatics. With PAH adsorptive ability
and low water solubility, investigations have suggested that
estuarine colloids contnbuté considerably to materials
available for ingestion by fllter-feedmg bivalves (25)-
These findings-are also in agreemént with those of Stein,
Homjy and ‘Varanasi (26), who showed that one PAH, BaP,
reached steady- state concéntratlons in tissue by the first
day of exposure'in a fish (Parophrys retulus, English sole),
known to be able to metabolize BaP. Food-web transfer
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is a major concern in the commercial fishing industry, one
that may be warranted in light of the results of this in-
vestigation:

The generalization noted by Fowler (27) that there is
an injtial rapid discharge of PAHs, followed by a much
slower loss of those PAHs associated with a more stable
compartment within the organism, appears to be borne out
to some degree in this work, but not according to statistical
analysis of data in Figure 5, for example Clams in this
research had been malntamed in carbon-filtered clean
waters for over 1 year prior to initial exposufe to the nine
PAHs for 48 h, so the ¢lams-cannot, be considered to be
“chronically exposed” to PAHs. In addition, chromato-
graphic profile backgroynd control checks of nonexposed
background-clams did not reveal any of thé nihe parent
PAHs. There was no evidence that clams contaminated
with PAHs for 48 h were able to rapidly eliminate these
compounds in 1-5 days as observed by Lee et al. (22).

THhere is little knowledge of the-effects on humans from
ingestion of petroleum hydrocarbons, especially PAHs at
subtoxic levels. Though “previous research has emphasized
the effects of single PAHs; it is possible that parentPAH
byproducts and substxtuted ‘PAHs may play a more. im-
portant’ role in the environment, with some organisms
acting as reserves for these compounds (28). Dunn and
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Fee (11) noted that commercial seafood contained low-level
PAH contamination, and Pruel.ét al.:(29) noted that there
was a consistent level of PAH .content.in comniercially sold
M. mercenaria ranging from 1.5 to 17.0 ng/g based upon
100-g wet tissue weight for analysis. Mercenaria may very
well he considered an “estuarine quality” indicator based
upon its PAH levels. Values of PAHs after exposure, acute
or chronic, are important if we are to attempt to establish
a public health exposure threshold for PAHs in bivalves.

Depuration has been described by several-investigators
as being different for different hydrocarbons and different
organisms. Neff and Anderson (28) demonstrated depu-
ration of hydrocarbons from exposure to no. 2 fuel oil for
8 h although small quantities of substituted naphthalenes
remained in oyster tissues 672 h (28 days) after exposure.
Naphthalene and phenanthrene percent distribution values
in WCCO were higher than any of the other seven' PAHs
(Table I). In the literature, however, they consistantly
provide low (naphthalene) and high (phenanthrene) values
in clam tissue (29, 30). Lee et al. (22) noted that Mytilus
edulis took up 20 ug of [1“C]naphthalene.and [3H]-3,4-
benzo[a]pyrene from a seawater solution but after 24 h in
fresh seawater had discharged 80% of these compounds.
This investigation exhibited that 94% of the subsequently
recoverable PAH initial concentrations.were retained in
the closed aquarium system; most previous work utilized
a seawater flow-through system or'a considerably less so-
phisticated exposure system (Figure 6). The PAHs in this
investigation were- gither sequestered by siphoning or-
ganisms-or adsorbed to glass or activated carbon filters
(Figure 7).

Simildr to work of Dunn-and Stitch (31), BaP in this
investigation was sequestered by-M. mercénaria at a low
concentration and biostabilized by not depurating over the
45-day depuration period. Phenanthrene and fluoranthene
consistently exhibited higher values in clam extracts
throughout the sampling period, and though this result has
been expressed in sediment vaiues of previous investiga-
tions (32, 33), its significance for bivalves is unclear. A3
noted by Hoffman et al. (32), urban street runoff PAHs
(WCCO) are similar in composition to atmospheric fallout
PAHs, but different from municipal effluent PAHs. Urban
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Figure 7. Summary of percentage distribution of PAHs In aquaria.

street runoff is a major source of high molecular weight
PAHs to the estuary with a contribution of over 70% of
the high molecular weight PAHs.

Jackim and Wilson (34) exposed Mya arenaria to 14C-
labeled no. 2 fuel oil, and testing concentrations of six
PAHs.after 5!/, weeks concluded that depuration rates
were appreciably slower after chronic exposure than after
an acute exposure. These observations are not in agree-
ment with the present work since once a stable residual
equilibrates, depuration of the range of PAHs, even after
an acute 48-h exposure time, did not occur. Previous
depuration experiments involved removal of clams from
either “polluted” waters and transferring the clams to
“clean” waters in continuous flow-through filtered seawater
systems for depuration of contaminants. The use of carbon
filtration systems in this experiment eliminated the.need
to move organisms at any time during their depuration
periods, thus avoiding any metabolic stress to the clam or
their pumping rates. In addition, a “closed-system
aquarium” provides an ideal observation environment for
in situ exposure and mass balance tracking.

An ancillary finding from this study was that heavier
clams tended to collect higher concentrations of PAHs.
The initial accumulation by bivalves of PAHs influenced
by clam weight with possible correlations of PAH asso-
ciations based upon lipid content is in general agreement
with Fong (35) and supports the uses of bivalves as sentinel
organisms for monitoring xenobiotics in coastal waters (36).
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Pearson correlation coefficients were computed between
combined weight of the two-clam sample and the PAH
concentration; eight out of nine were positive. Fluorene
and benz[e]anthracene had the highest correlations, 0.57

and 0.47, respectively; both were significant at the 0.05

level with a two-tailed test.

Phenanthrene, fluoranthene, and pyrene were detected
in clam tissues at higher concentrations per sample time
in relation to the other six PAHs. In most cases, these
three PAHs exhibited the highest values for the sample
under study at any particular depuration time. The most
recoverable PAH from clam tissue extracts was fluoran-
thene, and BaA was the quantitatively least recovered
PAH. Neff and Anderson (28) found phenanthrene was
accumulated most rapidly by Rangia cuneata and released
most slowly. For this compound, this investigation appears
to be in agreement. Most previous investigations have
concentrated on the water-soluable fraction (WSF) of
petroleum products, specifically naphthalene ‘and phen-
anthrene. Farrington et al. (37) found that phenanthrene,
fluoranthene, and pyrene in bivalves were indicative of
waste petroleum input. A propensity to bicaccumulate a
particular PAH may reflect PAH bioavailability, previous
exposure extent and duration, and PAH variable volatility
and solubility.

Conclusions

The most important implication of the present study is
that consumers of bivalve molluscs chronically exposed to
persistent levels of PAHs at or above ambient PAH con-
centrations in urban estuaries may be at higher than
normal health risk. Programs in highly urbanizéd estua-
rine ecosystems advoca}mgjhe relaying or transferring of
bivalves from “marginal waters” for ultimate commercial
harvesting to “approved waters”, while well intentioned,
may be unduly exposing the shellfish-consuming public'to
higher than normial levels of PAHs. Even though indi-
vidual clams may have “low or acceptable” PAH levels
(levels difficult to establish and for which there are no
present U.S. FDA or WHO threshold standards), cumu-
lative effects of consumption could prov1de ‘the necessary
threshold concentrations of these carcinogenic/mutagenic
PAHs in human lipid tissue-potentially resulting in long-
term health concerns. The usual 21-day depuration or
relay period for bacteriological quality improvement in
bivalve molluscs appears to be inappropriate and insuf-
ficient for chemical depuration. Due to the relative sta-
bility of PAHs in clam tissue under ideal dépuratjon
conditions, in situ.depuratiom;environments may never
afford agceptable exposure concentrations of PAHs for
consumers of shellfish from urban systems.

The following are recommended:

(1) Clam relay programs in urbanized estuarine systems
should be reevgluated in light of potentially-incteased
long-term publig health risk from xenobiotics.

(2) Research should be undertaken to investigate the
complexity of a myriad of compounds bioaccumulated by
bivalye mojluscs and thejr level of biomaintenance.in lipid
tissue compartments:

(3) Future'investigations should concentrate on trophic
transfer of low-level, chronic concentiations-of a complex
group of petroleum-derived-compounds attributable to
WCCQ PAHs because WCCO has been established as the
major contributer of PAHSs in urban estuarine ecosystems.
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