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ABSTRACT: Oysters Crassostrea virginica living inside a residential canal lined with chromated copper arsenate (CCA)treated wood had elevated levels of metals, especially copper, and were sometin~es
green in color. Compared to reference oysters collected from nearby rocks, these oysters had an
elevated prevalence of a previously described histopathological dtrophic condit~on(metaplasia) of the
digestive diverticula. The condition did not manifest itself, however, in reference site oysters that
were transplanted into the canal for a 3 mo period, during which time they attained a n average of twothirds of the resident canal oysters' copper level.
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The most common wood preservative currently in
use is chromated copper arsenate (CCA),which has replaced creosote and pentachlorophenol, and is extensively used in the USA and elsewhere. The 3 elements,
generally in the form of oxides, are pressurized into
the wood In a process called 'Wolmanizing'. Wood intended for marine use receives 1.5 lbs ft-3 (ca 24.3 kg
m-3) and, in Florida (USA),2.5 Ibs ft-3 (ca 40.5 kg m-3).
Warner & Solomon (1990) demonstrated that all 3 metals leach from treated wood placed in freshwater, and
that leaching is greatest at lower pHs. Metals leach
from the wood in seawater with the rates generally
decreasing over time (Weis et al. 1991, 1992). Copper
leached to the greatest extent (Warner & Solomon
1990, Weis et al. 1991).
Chemicals leached from treated wood could be
taken up by biota, particularly by epibiotic ('fouling')
organisms that live directly on the wood. The 3 metals
were found to be taken up by 2 species of green algae
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( Ulva lactuca and Enteromorpha intestinalis), and by
American oysters (Crassostrea virginica) living on
CCA-treated wood ( W e ~&
s Weis 1992). While Cu concentrations were elevated in oysters living on a CCA
dock in open water, they were much higher in oysters
growing inside a poorly flushed residential canal that
was lined with CCA-treated wood bulkheads. Some of
these oysters were green in color. Oysters can concentrate up to 600 ppm wet weight of Cu (Schuster &
Pringle 1969). Published reports of green oysters
(Ostrea edulis) date from the nineteenth century and
identified Cu accumulation as the probable cause
(Lankester 1886). Another observation of probable
CCA-related green coloration and elevated Cu in
American oysters was made by Couch & Moore
(unpubl, report to Florida Dept of Environmental
Regulation, 1986) in which oysters living in an area in
which poles of CCA-treated wood had been placed in
the water were studied.
The accumulation of high concentrations of copper
may not necessarily cause toxic effects to the oysters.
Divalent cations are accumulated in granular hemocytes and transferred via metal-binding proteins (e.g.
metallothioneins) to tertiary lysosomes, resulting in the
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sequestering of these metals by the cells (George et al.
1978, Thompson et al. 1985). These granular hemocytes then migrate by diapedesis across the mantle
surface. There are no known comparable sequestration mechanisms for Cr or As. Schuster & Pringle
(1969) found accumulation of Cr in exposed oysters
was 2 orders of magnitude below that of Cu.
The current study was designed to investigate the
histopathology and metal concentrations of oysters
growing on CCA-treated wood as compared to those
from a nearby reference site.

MATERIALS AND METHODS

Crassostrea virginica (n = 20) were collected in
January from CCA-treated wood inside a residential
canal in Santa Rosa Sound, Pensacola Beach, Florida.
Reference organisms (n = 16) were collected from
rocks on the periphery of Sabine Island, 1200 m away
from the entrance to the canal. Second collections from
the canal ( n = l l ) ,the reference site (n = 12), and small
(< 1 yr old) specimens growing on a new piling (< 1 yr
old) in the canal were taken in early May. Sufficent
numbers of oysters from the reference site were caged
inside the canal to permit monthly collected and collections (n = 12 per month) for chemical analysis, and
12 were examined histologically in May (i.e. after 3 mo
in the canal).
Histological cond.j.tion was investigated by taking a
cross-section from the middle of each oyster, preserving it in Bouin's fluid, embedding it in paraffin, and
studying slides stained with hematoxylin and eosin.
Special attention was given to the digestive gland diverticula. The condition of the epithelia of the digestive diverticula of each oyster was classified as 'A', 'B',
'C', or 'D' according to the mean percent of diverticulae in the conditions described and illustrated by
Couch (1984, 1985). These letters reflect progressive
metaplasia of the diverticula, with 'A' being normal
and following letters reflecting decreasing cell height
and increasing lumen size. Data were analyzed using a
Wilcoxon rank test for 4 ordered responses, using exact
p-values computed for small sample size by StatXacto
statistical software (Mehta & Pate1 1991).
For metal analysis, other oysters from the reference
site, canal, and a CCA dock in an open water environment were wet-ashed in concentrated nitric acid
(Baker, 'for trace metal analysis') at a maximum ratio of
0.2 g tissue wet weight ml-' acid at 90 "C, and metals
were measured by inductively-coupled argon plasma
emission spectroscopy (ICAP) in a Jarrell-Ash series
800 instrument. This instrument was programmed to
measure each sample 4 times; thus, each datum is the
mean of these multiple measurements of each sample.

While organoarsenicals may not be ashed by HN03,
they are solubilized; anything which is in suspension
or in solution will be volatilized and atomized when aspirated into the argon plasma ( l 0 000 "C). Quality assurance was performed using standard reference material N.I.S.T. SRM 1566 (oyster powder). Minimum
detection levels, calculated as 3 standard devlations of
the blanks, were typically 0.10, 0.25, and 0.50 ppm for
Cu, Cr, and As in wet tissues, and 1.00, 2.50, and 5.00
for dry tissue (SRM 1566). Copper measurements were
93.7 % 1.14, Cr was below our minimum detection
level in most cases, and As was more than 3 times the
expected value of the SRM 1566. Standard additions of
up to 10 ppm to preparations of SRM 1566 gave 104 %
and 100 % of expected values for Cu and Cr, respectively. For As, after baseline adjustment for nonspecific absorption (Fe and A1 interfere with As analysis in ICAP), standard additions to SRM 1566 gave
107 % of expected values; the regression line thus
derived was used for As determination in the samples.
Data were analyzed by analysis of variance, linear
regression and t-tests with Bonferroni's adjustment.

+

RESULTS

Oysters from the 2 populations collected in January
showed a significant difference in condition of their
digestive diverticula (Table 1, Fig. 1). Canal oysters
showed a higher prevalence of more severe lesions.
Both groups of May oysters had generally a poorer
condition of the diverticula, but the canal oysters still
showed more severe metaplasia. However, the oysters
that had been transplanted into the canal for 3 mo
were not histologically different from the oysters
remaining at the reference site.
No pathological lesions were apparent in any other
organs or tissues.

Table 1 Crassostrea virginica. Number of oysters from different collections showing different conditions (A to D; see text)
of digestive diverticula
Oysters
A

Reference. Jan
Canal, Jana

Condition of diverticu.la
B
C
D

9
6

7
5

7

C

Reference, May
Canal, May
Transplants

p = 0.012 by Wilcoxon rank test
p = 0.050 by Wilcoxon rank test

0
9

0
0
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Fig. 1. Crassostrea virginica. Histological preparations of cross-sections through oyster soft tissues, demonstrating healthy and
metaplastic digestive gland diverticula (H&E,X 160). ( A ) shows predominantly normal (type A) diverticula, except for one type B
(*). (B) shows severe metaplast~cchange, type C , with dilation of lumina and loss of cell height; type D (not shown) would also
have necrotic cells sloughed into the lumina. Typing of metaplasia is done after Couch (1985)

Some of the canal oysters were greenish in color in
both January and May collections, but in January this
coloration was subtle. Copper was concentrated much
more than Cr or As. Copper concentrations in canal
oysters were greater in May than in January (Fig. 2).
The small (< 1 yr old) oysters growing on the new piling in the canal had the highest concentrations of all
the oysters sampled (Fig. 2). A slight negative correlation was found in the winter collection between
oyster soft tissue weight and Cu concentration (slope =
- 11.12,y-intercept = 183, r = 0.644 for the canal collection; and slope = -1.349, y-intercept = 15.14, r = 0.506
for the reference collection). The regression Lines are
illustrated in Fig. 3A, B. Tissue contents of As did not
correlate with oyster size.
The transplanted oysters rapidly accumulated elevated Cu levels (Fig. 4). They also exhibited a slight
negative correlation of weight with Cu, but not As,
concentration. After 1 mo, slope = -6.09, y-intercept =
67.0, r = 0.551; after 2 mo, slope = -7.608, y-intercept =
112, r = 0.616 (see Fig. 3C, D).
The granular hemocytes on the mantle surface of
canal and transplanted oysters were only of the acidophilic type. The basophilic hemocytes, which com-

posed about one-fourth of the total hemocytes in the
reference oysters, were rare or non-existent.

DISCUSSION

Digestive diverticulum atrophy, or metaplasia, in
oysters has been described by Couch (1984, 1985) as a
non-specific response to stressful environmental conditions, such as certain toxic chemicals and physiological stresses caused by freshets, starvation, and possibly even spawning (Couch unpubl. obs). Our data
indicate that conditions inside the canal cause an
increase in the prevalence and severity of this tissue
response, although reference oysters transplanted to
the canal for 3 mo did not exhibit the response despite
elevated body burdens of copper. This may indicate
that a longer time of exposure may be necessary for
metaplasia to manifest itself under the environmental
conditions within this canal, or that transient adaptalion of diverticula cells to minimal stress had occurred.
The same pathological condition has previously
been reported in oysters exposed to copper (0.1 to
0.5 ppm) for 2 wk in the laboratory (Fujiya 1960). Prev-
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Fig. 2. Crassostrea virginica. Metal concentrations in oysters from 3
sites. The newly placed CCA-treated wood was sampled only in May.
Significant (~ndicatedby by Bonferroni) t-values for January: ref. vs
canal Cu: f = 29 5, ref. vs dock C u . t = 4.925 (Bonferroni);ref. vs canal
As: t = 3.42. For May: ref. vs canal Cu. t = 9.58; ref. vs dock Cu: L = 4.46;
ref. vs canal As: t = 3.59; ref. vs dock As: t = 2.75
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ious investigations have also noted these lesions in oysters injected with turpentine
(Pauley & Sparks 1965) or exposed to environmental levels of PCBs (Aroclor 1254) in flowing seawater (Lowe et al. 1972).
Other investigators have found these lesions in mussels exposed to, among other
chemicals, copper. Auffret (1988) described
the condition in mussels from contaminated
field sites as well as in mussels experimentally
exposed to 20 pg 1-' of copper in the laboratory. Mussels exposed to dirnethylnitrosamine
also developed metaplasia of the digestive diverticulae (Rasmussen 1982). The condition
was observed in both field- and lab-exposed
Mytilus edulis by Lowe (1988) who correlated
lesions (tubule dilation, cell shrinkage and
erosion) with disturbance in lipid metabolism,
reflected in accumulation of neutral lipids,
which was related to metal and organic chemical contamination. Moore (1988) believed
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Flg 3 Crassostrea vlrglnlca. Linear regression analyses of relationship between oyster size (soft tlssue wet weight) and copper
concentrations. (A) and (B) show reference and canal populat~ons.(C] and (D) show reference oysters transplanted to the canal
for 1 and 2 mo, respectively. Note the different y-axis scales; see text for slopes, intercepts, and correlation coefficients
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creased concentrations in the larger oysters.
This size/copper relationship has negative implications for oyster predators, such as the
Florida rock snail Thais hemastoma floridae
which preferentially eats the smaller, more
vulnerable oysters a n d thereby acquires
greater Cu burdens (Weis & Weis 1993).
Granular hemocytes were described by
Ruddell (1971) as being of 2 types, acidophilic
and basophilic. The acidophils were associated with C u and the basophils with Zn.
His histochemical demonstration was corroborated by electron microprobe analysis

(George et al. 1978, Thompson et al. 1985).
The basophilic hemocyte population was abFig. 4 Crassostrea virginica. Metal concentratlons in transplanted refer~t is
sent in our canal and transplant
ence oysters over the 4 mo sampling period
not known whether this represents a shift in
hemocyte differentiation in response to environmental C u or to a physiological change brought
that a n increase in neutral lipids caused lysosomal accumulation of lipids, resulting in reduced membrane
about in differentiated cells by the Cu stress.
stability and increased lysosomal fragility, which then
In view of the high copper concentration in the canal
caused increased autophagy of lipids in the digestive
oysters and of the previous studies linking the metacells.
plasia to copper, it is likely that the copper from the
The transplanted oysters acquired significantly elewood was primarily responsible for the lesions.
However, there are other sources of stress in the canal
vated levels of Cu, although at the time of histological
examination, they had only about two-thirds of the
environment which could also contribute to the state of
canal oysters' copper; at this time, there were no differthe oysters. In addition to the metals from the treated
ences in the extent of digestive gland lesions when
wood, the canal has boating activity which could a d d
compared with the reference oysters. The overall conhydrocarbons and additional C u from antifouling
dition of both reference a n d canal specimens in May
paint. There is also a possibility that runoff of lawn
was poorer than in January, indicating that the onset of
chemicals from land adjacent to the canal could conreproductive activity (histological examination showed
tribute to the poor health of the oysters. It is clear that
them all to be ripe), warmer temperature, etc., may
such residential CCA wood-lined canals a r e not
have caused additional stress. There was no significant
healthy environments for oysters.
difference between the sexes in either population.
Our finding of highly elevated Cu concentrations but
Acknowledgements. This work was performed while P.W.
(and neglible accun,ulaand J.S W. were v~sitingscientists at the EPA Gulf Breeze
only modest elevations of
Laboratory and P.W was part~allysupported by a National
tion of Cr) is consistent with the literature'
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Pringle
that
in exposed oysters was a n order of magnitude below that of
Cd and 2 orders of magnitude below that of Cu.
The finding of a slight negative correlation of oyster
weight with copper concentration was in agreement
with a number of other reports indicating a n inverse
relation of some metals with size in bivalves.
Zaroogian (1980) found a n inverse correlation of Cd
concentration with oyster Crassostrea virginica size.
Boyden (1977) found Cu concentration was inversely
related to size in C. gigas. Metal concentrations decreasing with body size was believed to indicate that a
significant proportion of the metal content is surface
absorbed, since smaller organisms have a larger surface-to-volume ratio (White & Rainbow 1987). Mackay
et al. (1975) proposed that the growth rate is greater
than the metal accumulation rate, thus causing de-
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