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Intrepid explorer and master boatman, Greg Pangelinan, maneuvers the GEPA boat to a mooring site in Apra Harbor 
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ABSTRACT 

The data presented herein represents Phase II of a two part program to evaluate levels of heavy 
metals, polychlorinated biphenyls (PCBs) and polycyclic aromatics (p AHs) in abiotic and biotic 
components of four harbor environments on Guam. Phase I focused on sediments and clearly 
identified areas of enrichment for all three contaminant groups in Agana Boat Basin, the outer 
portion of Apra Harbor, and the Merizo Pier area. The data from this investigation were 
presented and discussed at length in an earlier report (Denton el al. 1997). In the present 
study, all four harbors were revisited and dominant biotic representatives were collected in 
order to evaluate contaminant movement into marine food chains. The sampling sites ranged 
from relatively enriched through to relatively clean and were identified during Phase I of the 
study. The dominant biotic groups considered were algae, sponges, soft and hard corals, sea 
cucumbers, bivalves, and fish. Representatives of each were collected from all four harbor 
locations. In addition, a limited number of ascidians, an octopus, and a stomatopod crustacean 
were collected from Apra Harbor. 

The findings of the survey were evaluated, following a detailed comparative analysis with 
published findings, for similar and related species from elsewhere. It was concluded that 
Guam' s harbor environments are generally clean by world standards, although mild to 
moderate enrichment of the biota with arsenic, copper, lead, mercury, tin and PCBs was 
evident at certain sites. 

Oysters from Agana Boat Basin and Apra Harbor were heavily contaminated with copper and 
zinc. Sponges, soft corals and sea cucumbers from Apra Harbor also contained relatively high 
concentrations of arsenic, presumably reflecting releases of this element from fuel combustion 
as well as from past uses in biocides and wood preservatives. All three biotic groups from this 
location were also relatively enriched with PCBs, a feature they had in common with the 
majority of fish captured here. Sea cucumbers and fish from Apra Harbor also contained 
higher mercury concentrations than specimens from the other harbor sites. 

The data for tin contrasted sharply with the findings described above. For this element, levels 
were appreciably higher in sponges, soft corals and sea cucumbers from within the smaller boat 
harbors compared with those from Apra Harbor. These findings are in line with reports from 
elsewhere, that marinas and small boat harbors are generally more prone to tin (TBT) problems 
than larger ports and harbors; a factor attributed to the higher density of boating traffic and 
permanently moored water-craft . However, they are not supported by our previous sediment 
data for tin at each of these locations. 

None of the fish or shellfish contained levels of any contaminant that exceeded current U.S. 
FDA food standards or guidance limits. The absence of an FDA food standard for copper and 
zinc was duly noted in light of the high levels of these metals in oyster from Agana Boat Basin 
and Apra Harbor. Levels found in these bivalves frequently exceeded the Australian food 
standards for both elements. There was no evidence to support an increase in the biological 
availability of silver, chromium, nickel or P AHs at any of the harbor sites examined. 
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INTRODUCTION 

Historically, the sea has been a major source of protein to the people of Guam and, 
notwithstanding the variety of imported foods, fishing is still an important occupational and 
recreational activity today. The fringing reefs, lagoons and offshore waters provide habitats 
for a great diversity of edible marine life, including a variety of algae, mollusks, crustaceans, 
sea cucumbers (beche-de-mer), and many different kinds of fish. Local inhabitants commonly 
harvest representatives from each of these groups for sale or home consumption (Amesbury et 
al. 1986). 

By virtue of Guam's geographic location, these resources have been relatively isolated from 
the adverse effects of pollution generated by the industrialized nations of the world. 
However, Guam has undergone tremendous commercial growth and development over the 
last 10-15 years, particularly in areas related to the tourism and hospitality industry. In 
addition, the local population has grown appreciably in the wake of improved living standards 
and a generally healthier job market. Such expansions, although economically desirable on 
one hand, have greatly contributed to Guam's waste disposal, pollution, and environmental 
management problems on the other. 

Up until a few years ago, much of the marine environment surrounding the island was 
considered to be pristine. Today, coastal waters along much of central Guam's western 
shoreline are now utilized for a variety of water sports including recreational and commercial 
boating and jet skiing activities. Moreover, a number of bays on this side of the island are 
inundated with storm water runoff from hotel car parks and adjacent highways during the wet 
season, while others receive wastewater discharges from several of the island's primary 
sewage treatment plants. 

Further anthropogenic expansion into Guam's coastal waters seems almost inevitable given 
the long-term growth and development predicted for the island. Therefore, it is imperative 
that the ecological impact of such progress and its effects on the delicate balance of the 
environment be carefully monitored, in order that a harmonious and viable ecosystem can be 
developed and maintained. 

The precise impact of man's current level of intrusion into Guam's coastal waters is largely 
unknown. We also know very little about the degree of chemical contamination derived from 
the activities and events outlined above, and the accompanying water quality changes they 
bring about. Clearly, such information is vital if the ecological, recreational, and commercial 
potential of our nearshore waters is to be preserved. 

Recognizing this important need, the Guam Bureau of Planning established the Guam Coastal 
Management Program (GCMP) to develop management strategies for the sustainable 
development of resources within this environmentally sensitive area. This included the 
identification and evaluation of major coastal point and non-point pollution sources, the 
identification of potential health risks to consumers of contaminated fisheries, and the 
establishment of a sensibly planned and readily implemented pollution monitoring program. 
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k. a first step in this direction GCMP approached the Water & Environmental Research 
Institute (WERI), at the University of Guam, to undertake a preliminary baseline survey of 
heavy metals, PCBs, and P AHs in abiotic and biotic components from four harbors on the 
western side of the island (Fig. I). The rationale behind the study was that harbor 
environments are often enriched in various organic and inorganic pollutants derived primarily 
from watercraft of one sort or another. Other important contaminant sources in these areas are 
wind-blown dust and surface runoff from a multitude of contributing harbor activities. Thus, 
marine harbors usually represent "worst case" nearshore conditions within any particular area. 

The contaminant groups mentioned above are important both from an ecotoxicological and 
public health standpoint and included representatives that are prevalent and persistent in the 
environment, have a high bioaccumulation potential, and exert harmful effects on biological 
systems at relatively low concentrations. 

The major objectives of the study were as follows: 

o Determine the presence and abundance of a range of heavy metals and several PCB 
and P AH congeners in sediments and biota from strategic sites within Agana Boat 
Basin, Apra Harbor, Agat Marina and Merizo Pier. 

o Highlight localized 'hot-spots' and specific point sources of contamination. 

o Develop numerical sediment quality guidelines to assist in the decision making 
process related to any future disposal oflocally dredged sedimentary materials at sea. 

o Evaluate the bioaccumulation potential of sediment bound contaminants within 
identified areas of enrichment, identify wlnerable foci within local marine food 
chains and indicate which organisms exhibit the highest bioaccumulation factors. 

o lnitiate the provision of a sound database with which future levels may be compared 
and evaluated. 

o Provide data of immediate public health importance for those species frequently 
consumed by man. 

e k.sess the degree of background contamination at each location by reference to levels 
reported in clean and polluted environment elsewhere and with special reference to 
other tropical regions of the world. 

e Provide a bank of data upon which GCMP and others may draw when evaluating 
environmental problems relating to the management and maintenance of water quality 
and the protection of marine resources within Guam's coastal waters. 

The study was conducted in two distinct phases. Phase 1 focused on the chemical analysis of 
sediments taken immediately adjacent to suspected sources of chemical contamination (piers, 
jetties, docksides, refueling stations, navigational channels, etc.) as well as along fixed 
transects that followed presumed chemical concentration gradients. Overall, a total of 46 sub­
tidal sites were examined. The survey clearly demonstrated enrichment of all contaminant 
groups in Agana Boat Basin, Outer Apra Harbor and Merizo Pier, although by world 
standards, the majority of sites within each location were considered to be relatively clean. 
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The highest levels of all three chemical groups were found at Apra Harbor, the largest and 
oldest port on Guam. Here, moderate to heavy enrichment of various heavy metals, PCBs and 
P AHs were identified in sediments collected in the vicinity of Hotel Wharf, Commercial Port, 
and Dry Dock Island. The lowest contaminant levels were almost always encountered at Agat 
Marina, a recently constructed small boat harbor to the south of Agana. Full details of the 
study are presented in an earlier WERI technical report (Denton el al. 1997). Copies of this 
report are available upon written request from the Director of the Institute. 

The study reported herein comprises Phase II of the program, designed specifically to monitor 
heavy metals, P AHs and PCBs in marine organisms from within each of the four harbor 
locations mentioned above. Emphasis has been given to dominant flora and fauna from clean 
and contaminated harbor sites identified during Phase 1. These have included organisms from 
various trophic levels, in addition to those frequently harvested for human consumption. The 
primary focus of the investigation was on biotic groups popularly used as bioindicators of 
chemical pollution, e.g., macro algae, bivalve mollusks and certain fish. These organisms 
generally possess little to no regulatory capacity for some or all of the above contaminants and 
hence, tissue levels mirror biologically available amounts derived from their immediate 
surroundings. In addition to these so called 'sentinel' species, some attention was directed 
towards the collection and analysis of other leading ecosystem representatives, including 
sponges, ascidians (sea squirts), corals and holothurians (sea cucumbers). 

This program is the first of its kind for Guam and, indeed, for Micronesia, and should 
therefore command the interest of regulators and policy makers involved with the protection 
and management of coastal waters within the tropics and neo-tropical zones of the world. 
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MATERIALS AND METHODS 

1. HARBOR SITES 
General information relating to each harbor studied is given below. Biota collection sites 
were based upon sediment contamination profiles identified during Phase 1 of the program. 

1.1 Agana Boat Basin: 
Agana Boat Basin was the most northerly of the four harbors examined during the present 
study. It is located in the western shores of Agana, the capital and business center of the 
island, and has been used for small pleasure and commercial craft for over 40 years. The 
facility is divided into two discrete areas by a breakwater that separates the inner permanent 
moorings and floating walkways from an outer lagoonal area. It is protected from the ocean 
swell by a larger outer breakwater and connects with the open sea via a deep-water channel 
along its eastern edge (Fig. 2). The collection of biota focused on the inner boat basin, a 
relatively contaminated area with restricted water circulation. Sediments from this section 
contained high levels of copper, lead and zinc, and moderate levels chromium, mercury, tin, 
PCBs and PAHs (Denton el al. 1997). Primary pollution sources in this area, apart from the 
high intensity of watercraft, included a storm drain outlet, a refueling station and a nearby 
wastewater treatment plant. Biota of interest that were absent from the inner boat basin were 
collected from the outer lagoon (see Fig. 2) 

1.2 Apra Harbor: 
Apra Harbor is the largest harbor on Guam, and has been used by small pleasure and 
commercial craft and larger commercial and military shipping for more than a century. 
Geographically it is divided into an inner and outer area. The US navy has used the inner 
harbor as a ship repair and maintenance facility for the last 55 years. Sediments from this area 
and the immediately adjacent portion of the outer harbor are known to be high in copper, 
mercury, nickel, lead, tin and zinc (Belt Collins 1993). Sedimentary levels of PCBs and 
P AHs in this area are currently unknown. The outer harbor includes Sasa Bay, a safe refuge 
and permanent mooring site for a number of privately owned sailing craft; Dry Dock Island, a 
US navy dry dock facility that is now obsolete; and a series of wharves along the northern 
perimeter for the unloading of large container ships. Primary pollution sources in this area, 
aside from the major shipping and harbor activities, included several fuel piers and fuel 
storage depots (tank farms), electrical substations and transformers, and stormwater runoff 
from wharves, piers and adjacent buildings. 

Sites selected for biota analysis were Hotel Wharf, Shell Fox-l Fuel Pier, the western end of 
Commercial Port, Dry Dock Island, and Echo Wharf (Fig_ 3). The Echo Wharf area was 
selected as a control site based on low sedimentary levels of all contaminants examined 
earlier. Sediments from the remaining sites were found to be moderately to highly enriched 
with the following contaminants: 

!J Hotel Wharf (copper, lead, mercury, tin, zinc, PCBs, P AHs) 

!J Shell Fox-l Fuel Pier (copper, lead, mercury, zinc, PCBs, PAHs) 

!J Western Commercial Port (copper, lead, mercury, zinc, PCBs) 

!J Dry Dock Island (copper,lead, mercury, zinc, PCBs, PAHs) 
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1.3 Agat Marina: 
Agat Marina is a relatively new, small boat harbor that has been in existence since 1990. It is 
located approximately 8 km south of Apra Harbor in the semi rural setting of Agat village. 
Permanent mooring sites are available for about 50 vessels. Although sediments from this 
harbor were lightly contaminated with chromium, they were classified as clean for all other 
contaminants examined (Denton el al. 1997). Potential sources of pollution in this area are 
limited to contributions from watercraft, stormwater runoff from the adjacent car park area, 
and a refueling pier at the southern entrance. There may also be some impact from the Agat 
sewage treatment plant that discharges primary treated effiuent nearshore, in about 2 m of 
water, approximately 3 km to the north. Biota samples were collected from various points 
throughout the harbor (Fig. 4) 

1.4 Merizo Pier: 
The Merizo Pier area is located within Guam's largest barrier reef and is the southernmost 
harbor facility on island. This small boat launch site has been in existence for about 35 years 
and is a popular area for recreational boating and related water sports activities. It is also the 
gateway to Cocos Island, a popular tourist spot located about 3 krn off shore and accessed by 
ferry. The Cocos Island ferry pier, more or less, marks the southern limit of the impacted 
coastline, which extends northwest for about 200 m to a large public pier and popular fishing 
spot. A deep-water navigation channel running parallel to the beach is situated about 25 m 
offshore. The general layout of the area suggests that the waters are well mixed by the 
prevailing winds, tides, and ocean currents. 

Sediments from the deep-water channel were previously classified as clean for all 
contaminants of interest (Denton el al. 1997). However, those collected in shallower waters 
closer to shore demonstrated moderate to heavy enrichment with copper, lead, tin and zinc, 
especially in the vicinity of the Cocos Island Ferry terminal . PCB and P AH contamination of 
these sediments, on the other hand, was generally light. Potential sources of pollution are 
largely restricted to the ongoing boating activities, a couple of derelict and partially 
submerged barges and a shoreline refueling station that services the Cocos Island ferries . 
Biota samples were collected along the entire length of the impacted shoreline (Fig. 5) 

2. SAMPLE COLLECfION AND PREPARATION 
A listing of all the organisms collected for analysis is shown in Table 1. While not 
exhaustive, it includes representatives of several major phyla in addition to a number of 
organisms of direct and potential economic importance. It also readily demonstrates the 
species that are most widely distributed and, therefore, of the greatest use for future pollution 
monitoring programs. We point out that not all species were available at all sites visited. 

Biota samples were collected between June 3, 1998 and January 30, 1999. In most cases the 
organisms were collected by scuba diver and were simply handpicked off the ocean floor, 
coral reef, or side of a submerged structure. However, the bivalves did not readily facilitate 
this method of collection and were usually removed from their point of attachment with the 
aid of a hammer and chisel. Fish taken during the study were captured using spear gun and 
hook and line. 
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Table 1 

Flora and Fauna Sampled During the Present Survey 
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~ 
., 

~ " .. ~ ~ ~ ~ - .. .. .. .. .. .. .. '£: l:i: .. = = = = = = = eo 
Species Collected for Analysis = .J:I .J:I .J:I .J:I .J:I .J:I .J:I :E = = .. .. .. .. .. .. .. ,~ .. .. .. eo co .. .. -.. = = = = = = = :. .. 

ia .. eo .. .. eo eo eo < :E 
01 .. .. .. .. .. .. .. 
< CI. CI. CI. Co CI. CI. CI. 

< < < < < < < 
BROWN ALGA 

Pod/no !if. I I I I I I I I 

SPONGES 
CaUysponglQ diffiuo I 

Cinachyra sp. I I 

Clathria vulpina ' I I 

Dysidea $po I I I I 

Liosina if. granular;s I 

Stylotello aurantf,,,,, I I I 

Yellow brcod spooge I 

Yellow sponge (rcd outside) I 

Drown wilrt sponge I I I 

Orange brown wart sponge I 

IL\RD COa,u,s 
Acropora /ol'lnosa I 

Fungio concmna I 

Fung;a echidata I 

Herpolilho limax I I 

Poct/opora damicorn;s I I I I I I 

SOFT COR,\LS 
Similaria sp. I I I I 

SEA CUCUMBERS 
Bohodschto argus I I I I I I 

Ho!arhur ia alra I I I I I 

BIVALVE MOLLUSKS 
Chama Ilrarus I I • • I I 

Chama brass/co • 
Saccostrea Cf(ccullata • • 
Spondylus ? muitimurjcatJls • I 

Striostrea cf. mytiloides • • • I I I 

CEPHALOPOD MOLLUSK 
OCIOPUS cyonea I 

STOMATOPOD CRUSTACEAN 
Gonodactylus 51'. (mantis shrimp) • 

TUNIC\TES 
Ascidia sp. I • 
Rhopalaea I I • 
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Table 1 (cont.) 

Flora and Fauna Sampled During the Present Survey 

- Z .5 .. 
.~ .~ l'd = ,!). .. -~ 
.. .. 
co co 

Species Collected for Analysis co ,Q ,Q = .. .. 

FISH 

.. .. 
= c .. .. 

"" .. « co. « 

AcanlhuTUS xanthoprerus I 

Ballsloldes vlrldesceru 

Bolbometopon muricalUm 

CafatJX ignobtlls • 
CarafIX meJampygus 
Caranx sex[asciatus • 
Cephalopholts sonneTart 

Chetlmus ehlarOllnu! 
Cheilinus [as(laIUS 

Cheilinus tn/obows 
Ctenochaetus binotatus 

ClenochaecuJ slr/alUs 
£pihulus Ins/dialor 

Eplnephe[.u merra 
GerTes argyr'us I 

Gymnothorcu: javan/au 
uiognathus equullu 

uthrinuJ rubrlopercuialUJ 
LUljanus kasm;ra 
Monodactylus argenteu: • 
Naso annll/anu 
Naso unicomi.r I 

Odenus niger 
ParupeneuJ barbertnus 
Parupeneus cyclostonuu 
Parupeneus multiloscioltU 
Saurldo gracilis I 

Saurlda nebulasa 
Scarus sordidus 
Sigamll sp,mlS I 

Suffiamen chrysoptera 
Valamugi/ engell 

Key to APR aultor SUa. 
Apra Harbor (lite a) - Western cud oCHoteI Wan 

Apra Harbor (site b) - Cmlt.1 Hotel Wan 

Apra Harbor (site c) .. Shell Fox-} Fuel Pier 

.. 
= .. .. 
co. « 

• 

I 

I 

I 

Apn Harbor (site d) - _estern cud ofCOI1Ill1CrtiaI Port 
Apn Harbor (site 0) . Southern cud oCDry Dod< Island 
Apra Harbor (site f) - Ea>um cud oCEdlo Wan 

Apr. Harbor (site g) - 011" Port Aulhority Beaclt 
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Upon collection, all samples except the bivalves were immediately wrapped in aluminum foil 
and placed on ice. The bivalves were held in seawater for approximately 6 h to allow them to 
purge their gut contents. In the laboratory, all organism were thoroughly cleaned of epiphytic 
growth and/or adhering particulate material before sub sampling for analysis. With algae, the 
holdfasts and older, more encrusted portions of the plant were discarded and .only the fronds 
were taken for analysis. With the sponges, it was also necessary to carefully pare away 
sediment laden portions of the exterior and interior surfaces prior to subsampling. The 
sponges and ascidians were analyzed whole. Likewise, the entire soft parts of the bivalves 
were taken for analysis. In contrast, specific tissues were removed from the sea cucumbers 
(dorsal body wall and hemal system), octopus (tentacle and liver), mantis shrimp (tail muscle 
and gonad) and fish (axial muscle and liver). With fish, muscle samples were taken 
immediately below and parallel to the dorsal fin (left side of the body for heavy metals and 
right side for PCBs and PAHs). 

Samples for heavy metal analysis were stored in acid-cleaned, polypropylene vials while those 
for PCB and P AH analyses were wrapped in aluminum foil and placed in precleaned glass 
jars. All tissue samples were held at -20°C until required for analysis. 

Samples for the analysis of all metals, except mercury, were performed on tissues dried to 
constant weight, in an oven, at 60°C. Owing to the relatively high volatility of mercury, 
analysis was conducted on wet rather than dry tissues. 

Appropriate analytical methods for the above contaminants were adapted from the current 
SW-846 protocols developed by U.S. EPA (USEPA 1995) for the physical and chemical 
evaluation of solid waste, in addition to those recommended by the NOAA National Status 
and Trends Program for Marine Environmental Quality (NOAA I 993 a-d). Appropriate 
quality control and quality assurance procedures including full procedural blanks, matrix 
spikes, and certified reference materials were built into the analytical protocols . 

3. HEAVY METAL ANALYSIS 
All tissue samples were analyzed for heavy metals following conventional wet oxidation 
procedures in hot mineral acids. The digestion procedures were essentially similar to EPA 
method 3050A, SW-846 (USEPA 1995) with minor modifications as outlined below. 

3.1 Mercury: 
Approximately 1 g of wet tissue was accurately weighed into a 125 ml Erlenmeyer glass flask 
and allowed to stand overnight in 10 mI of a 2: 1 mixture of concentrated nitric and sulfuric 
acids. Several bivalve samples that were too big to analyze individually were split into two or 
more portions and digested separately. The following day the cold digests were heated to 
100DC in a boiling water bath for 3-hours. Each flask was loosely capped with a Teflon 
stopper to facilitate good refluxing and exclude extraneous contaminants. After cooling, the 
digests were made up to volume with deionized water (7S-m1), and analyzed by f1ameless 
atomic absorption spectroscopy (AAS) using the syringe technique described by Stainton 
(1971). Calibration standards (5-20 ngll) were made up in 10% nitric acid containing 0.05% 
potassium dichromate as a preservative (Feldman 1974). 
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3.2 All Other Metals. 
Between 1-3 g of dried tissue were accurately weighed into the digestion flasks described 
above. Approximately 10 ml of concentrated nitric acid was added to each flask and they 
were allowed to stand overnight. The following day the digests were heated to 100°C ;t 5°C 
and allowed to reflux for 2-3 days. The solutions were then evaporated to dryness and further 
additions of acid were made as necessary to completed digestion. Finally, digests were made 
up to volume with 10% nitric acid (10 mUg tissue weight) and analyzed by AAS within 5 
working days. Blanks (two per batch of 40 digests) were treated similarly. Corrections for 
non-atomic absorption were made simultaneously by the instrument. 

Arsenic and tin were analyzed by cold vapor AAS using the hydride generation technique. 
For arsenic, between 50-1000 /II of sample were accurately dispensed into a polypropylene 
reaction vessel containing 4 ml of 1. 5% HC!. The total volume was adjusted to 5 ml with 
10% nitric acid. Arsine gas was generated by reduction of the sample with 1 % sodium 
borohydride in 3% sodium hydroxide. All calibration standards (1-10 Ilgll) and sample 
dilutions were made up in 10% nitric acid. 

For tin, 1 ml of sample was added to 5 ml of saturated boric acid (50gll). For smaller sample 
volumes, adjustments to a 6-ml total volume were made using 10% nitric acid in order to 
minimize changes in pH. Stannane gas was generated with 0.5% sodium borohydride in 3% 
sodium hydroxide. Calibration standards (5-20 Ilgll) were made up in saturated boric acid 
solution on a daily basis. Levels of both metals in each sample were calculated by standard 
addition to compensate for matrix interference. 

All other metals were analyzed directly by conventional flame Atomic Absorption 
Spectroscopy (AAS). All methods were validated using standard reference materials and or 
spiked tissue composites as shown in Table 2. 

4. PCB AND PAR ANALYSIS 

All samples were analyzed for these contaminants with the exception of the hard corals All 
solvents used were pesticide grade and were checked for interfering contaminants following a 
500-fold volume reduction before use (50 ml to 100 /II). Surrogates and internal standards 
used to determine PCB recoveries were PCB 103 (100 pgl/ll) and petachloronitrobenzene 
(250 pgllll) respectively. The equivalent compounds used for P AH analysis were deuterated 
acenaphthene and benzo[aJpyrene as the surrogates (50 ngl/ll), and deuterated naphthalene as 
the internal standard (50 ngl/ll) . The extraction and cleanup procedures outlined below were 
customarily performed on sets of five wet tissue samples with an accompanying method 
blank. 

4.1 Solvent Extraction: 
The samples were removed from the freezer and allowed to thaw. Using stainless steel 
scissors and forceps, approximately 3 ± 0.1 g of tissue sample were accurately weighed to the 
nearest 0.01 g into a 50-ml Teflon centrifuge tube. All bivalve specimens were macerated and 
thoroughly mixed in their glass storage jars beforehand using a Tekmar Tissumizer probe. A 
sub-sample was then transferred into a centrifuge tube using a Teflon coated spatula. 
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Table 2 (cont.) 

Recovery of PCBs from Standard Reference Material and Spiked Oyster Composite 

PCB Congener 
Certified Mean plus/minus This Study: Mean Spike Added Recovered Amount (ng) 
,95% ~onfid!lnce Limits} and ,Ranllill (uKl Mean lind 'Banlle} 

SRM 2974: Marin~ Mussel Ol:ster Coml!o!ile 
PCB 8 no value no value 10 II (9.8-12.1) 

PCB 18 26.8 (23.5 - 30.1)" 14.9 (11.6 - 18.7) 10 9.8 (8.9 - 10.6) 

PCB 28 79 (64 - 94)" 59.2 (41.5 - 77) 10 13.4 (11.9 - 15) 

PCB 52 115 (103 - 127) 76.5 (57.1 - 93.9) 10 5.0 (3.1 - 6.9) 

PCB 44 72.7 (65 - 80.4) 50.6 (41.1 - 60.1) 10 12.2 (10.9 - 13.6) 

PCB 66 101.4 (96 - 106.8) 77.1 (62.1 - 86.3) 10 12.2 (10.6 - 13.7) -00 PCB 101 128 (118 - 138) 102.9 (75.8 - 119.1) 10 8.9 (6 - 11.8) 

PCB 77 no value no value 10 15.8 (13.7 - 18) 

PCB 118 130.8 (125.5 - 136.1) 125.5 (101.7 - 144.4) 10 11.1 (9.5 - 12.7) 

PCB 153 145.2 (136.4 - 154) 92.5 (86 .3 - 103.3) 10 7.5 (6 .9 - 8) 
PCB 105 53 (49.2 - 56.8) 41.6 (36.1 - 47.6) 10 11.7 (9.9 - 13.6) 
PCB 138 134 (124 - 144) 65.5 (56.4 - 77.8) 10 7.2 (6.3 - 8.3) 

PCB 126 no value no value 10 13.8 (11.2 - 16.3) 
PCB 187 34 (31.5 - 36.5) 21.1 (17.9 - 23.3) 10 6.4 (5.1 - 7.8) 
PCB 128 22 (18.5 - 25.5) 13.1 (10.3 - 15.1) 10 8.8 (7.5 - 10.2) 
PCB 180 17.1 (13 .3 -20.9) 7.7 (5.1-9.3) 10 5.5 (4.6 - 6.5) 
PCB 170 5.5 (4.4 - 6.6) 2.1 (1.2 - 2.8) 10 6.9 (5.8 - 8.1) 
PCB 195 no value no value 10 5.6 (4.7 - 6.5) 
PCB 206 no value no value 10 3.2 (2.5 - 3.9) 
PCB 209 no value no value 10 1.8 (1.3 - 2.3) 

• - Wloonfumed rcfCf'a'tCC value only 

Table 2 (cont.) 

Recovery of PARs from Spiked Oyster Composite 

PAR Congener 
Spike Added Recovered Amount (Ilg) Mean 

hllll lind U!anK~l 

Naphthalene 1 0 .16 (0.15 - 0.17) 

Acenaphthylene 1 0.23 (0 .11 - 0.33) 

Acenaphthene 0.26 (0.11 - 0.36) 

Fluorene I 0.22 (0.19 - 0.25) 

- Phenanthrene 0.40 (0.22 - 0.54) 
'" Anthracene 0.34 (0.18 - 0.48) 

Fluoranthene 1 0.41 (0.24 - 0.55) 

Pyrene 1 0.42 (0.23 - 0.56) 

Benzo(a)anthracene 1 0.33 (0.22 - 0.43) 

Chrysene 1 0.40 (0.24 - 0.53) 

Benzo(b )fluoranthene 0.39 (0.22 - 0.53) 

Benzo(k)fluoranthene 1 0.39 (0.21 - 0.53) 

Benzo(a)pyrene 0.34 (0.19 - 0.48) 

Dibenzo(a,h)anthracene 1 0.39 0.22 - 0.53) 

benzo(g,h,i)perylene 1 0.38 (0.20 - 0.54) 

indenol( 1,2,3-cd)pyrene 1 0.39 (0.22 - 0.52) 



Following the addition of 109 of anhydrous, granular sodium sulfate (heated to 600°C 
overnight), 20 ml of methylene dichloride, and 100 III of the PCB and P AH surrogates, each 
tissue sample was homogenized using the Tissumizer (setting 50 for approximately two 
minutes) . After rinsing down the probe into the centrifuge tube with clean solvent, the extract 
was centrifuged at 2000 rpm for 5 minutes before decanting into a Turbo-Vap'" evaporator 
tube (Zymark). The extraction was repeated once more and added to the contents of the 
evaporator tube. After volume reduction to approximately 0.5 ml, the extract was 
quantitatively transferred to a lO-mJ graduated, glass centrifuge tube with two 0.5-ml rinses of 
methylene chloride. The tube was placed in a warm water bath and the extract volume 
reduced to -0.25 ml under a gentle stream of nitrogen. Solvent exchange into hexane (-1.0 
ml) and further reduction in volume (-0.2 ml) was necessary before cleanup 

4.2 Silica/Alumina Column Cleanup: 
Cleanup was accomplished with small columns of silica gel (grade 923, 100-200 mesh) and 
neutral alumina (F-20, 80-200 mesh). Both adsorbents were activated and cleaned by heating 
to 600°C overnight. The adsorbents were supported in glass, chromatographic columns, 280 
mm in length and 7 mm internal diameter (i. d.). These were obtained commercially obtained 
from Supeico. The upper 80-mm of each column was expanded to form a 50-ml solvent 
reservoir. Just prior to use, the columns were plugged at their lower end with cotton wool 
rinsed with clean solvent and allowed to drain. Upon packing, each column was filled with 
methylene chloride. The solvent was prevented from draining by a Teflon cap fitted over the 
lower end of the column. Slurries of alumina (I g) and silica gel (2 g) were sequentially 
washed into the column reservoir with methylene chloride taking care to allow for the 
displacement of trapped air bubbles. After settling (facilitated by gently tapping the column), 
the individual alumina and silica gel portions of the column were approximately 3.2 cm and 9 
cm in length respectively. Packed columns were washed with a further 20-ml of methylene 
chloride followed by 2 x 20-ml volumes of pentane in final preparation. The laboratory 
temperature was kept lower than 27°C at all times to avoid vapor pockets from forming in the 
columns. 

The concentrated tissue extract was transferred to the cleanup column after draining the 
pentane wash to the packing top. Two rinses of -0.25 ml of hexane were used to complete the 
transfer. The column was eluted with 5 ml of pentane (discarded) followed by 10 ml of 50% 
methylene chloride in pentane. The latter fraction containing the PCBs and P AHs was 
collected in a 10-ml graduated, glass centrifuge tube, evaporated to 5 ml and split into two 
2.5-ml fractions. The first fraction was solvent exchanged with hexane for PCB analysis 
while the second fraction was solvent exchanged with acetonitrile for P AH determination. 
Both fractions were reduced to a final volume of 0.1 ml before transfer to clean, glass auto­
sampler vials with small volume inserts (250 III). Finally, 10 III of the appropriate internal 
standard was added to each vial before chromatographic analysis. 

4.3 Chromatographic Parameters for PCB Analysis: 
PCB analysis was carried out by Gas Chromatography (Varian 3400CX) using an electron 
capture detector and a 60 m x 0.25 mm i.d. fused silica MDN-5S, polymethyl-5% phenyl­
siloxane (0.25Ilm film thickness) capillary column (Supelco). Gas flows (nitrogen), through 
the column and the detector, were I mVmin and 30 mVmin respectively. The initial column 
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temperature was maintained at 50°C for the first minute of each run. It was then ramped to 
150°C at 30°C/min, then to 280°C at 25"C/min, where it was held for 20 min to give a total 
run time of 76 min. Both the injector and detector temperatures were held constant at 280°C 
and 310°C respectively. 

PCB quantification was accomplished using a 20-congener calibration standard representing 
PCB homologues Ch to ClIO (NOAA 1993a). The congeners, listed in Table 3, were selected 
on the basis of their potential toxicity, bioaccumulation and/or frequency of occurrence in 
environmental samples. Complete chromatographic separation of all congeners was achieved 
although several of them are known to co-elute with other PCB congeners present in 
commercial PCB mixtures (Table 3). 

PCB homologue concentrations were estimated from the data by summing values obtained for 
congeners of similar chlorine content. The "total" PCB content of the sample was calculated 
from the sum of the individual congener data (~2oPCB). PCB congener recoveries from the 
certified standard reference material (SRM 1974) and a spiked oyster composite were 
generally within acceptable limits (Table 2). Method detection limits for individual 
chlorobiphenyls in the standard mix ranged from 0.02-0.15 nglg. 

4.4 Chromatographic Parameters for PAR Analysis: 
P AH analysis was achieved by High Performance Liquid Chromatography (HPLC) using a 
fluorescenceIUV (diode array) detector system and a 10 cm x 4.6 cm i.d., stainless steel, LC­
PAH column (Supelco) containing a porous silica stationary phase (3 Ilm particle size). 
Following sample injection, isocratic elution with acetonitrile/water (4:6, v/v) occurred for the 
first 0.3 min, followed by a linear gradient to 100010 acetonitrile over the next 10 min. Elution 
with 100% acetonitrile continued for a further 5 min before the run was terminated. The 
solvent flow rate through the column was held constant at 2 mIImin. 

Quantification with the more sensitive fluorescence detector was achieved with excitation at 
280 nm and emission at 380 om. The diode array provided a synchronous absorption scan 
from 190-357 nm, with a wavelength difference of 4 nm, and was used primarily for 
confirmatory analysis at the higher levels of detection. 

The calibration standards were made up containing the 16 P AHs recommended as priority 
pollutants by the Wold Health Organization (WHO), the European Economic Community 
(EEC) and the U.S. EPA. These priority pollutants are all parental compounds (i.e., they 
contain no alkyl substituents) and are major constituents of pyrolytic sources of P AHs. They 
are listed in Table 4 together with their molecular weights and structural identities. Method 
detection limits with the fluorescence detector were as follows: naphthalene (34 nglg), 
acenaphthene (4 nglg), fluorene (8 nglg), phenanthrene (3 nglg), anthracene (2 nglg), 
fluoranthene (5 nglg), pyrene (3 nglg), benzo(a)anthracene (I nglg), chrysene (l nglg), 
benzo(b)fluoranthene (5 nglg), benzo(k)fluoranthene (4 nglg), benzo(a)pyrene (3 nglg), 
dibenzo(a,h) anthracene (8 nglg), and benzo(g,h,i)perylene (13 nglg). Detection limits for the 
non-fluorescing PAHs, acenaphthylene and indenol(I,2,3-cd)pyrene, were 3 nglg and 6 nglg 
respectively, using the UV diode array detector. 
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Table 3 

PCB Congeners in Calibration Standard used to Quantify PCB Homologues in 
Sediment Samples from Harbor Sites on Guam 

PCB Congeners in CalibratiQn Standard CO::Slluting P!:B CQ!lgener~ 
IUPAC' Chlorine Structural IUPAC Chlorine Structural 
Number Atoms/mol , Arrangement Number Atoms/mol , Arrangement 

8' (Allll ' ll' %) 2 2,4' 5' 2 2,3 

18' (AIOHoiIHll 3 l,l ' ,S 15' (AUllfUUI 2 4,4' 

28' (O\IOl6lll4l' 3 2,4,4' 31' (AI:U) 3 2.4',' 

44' V.t:'lIl:J41 4 2,2' ,3.5' nene 

52' M1H!lI2j4) 4 2,2 ',5,5 ' 43' 4 2,2'.3,5 

66' tAI:J.4) 4 2,3'.4,4' 80' 4 3.3'.5,5' 
95 , 2,2 '.3,5',6 

77" 4 3,3'.4.4' 154' 6 2,2'.4.4'5,6 

101' (At1WlZIiO) 5 2,2' ,4,' ,5 ' 79' 4 3,3 ',4,5' 

lOS· 5 2,3.3',4.4' nent 

118ft (AU""I!6fI 5 2,3',4,4',5 106' , 2,3,3".4,5 

126" 5 3.3',4.4'.5 129 6 2,2 ',3.3 '.4,5 ' 

128" 6 2,2 ',3,3',4,4' nnnt 

138ft v.m4l1:6tt 6 l.l·,3,4,4',S' 158 6 2,3 ,3',4,4',6 

153ft (O\I:341I16Q, 6 2,2',4,4',5,5' none 

170" (1.11601 7 2,2' ,3,3',4,4',' ncne 

180" (0\1160) 7 2,2',3,4,4 ',5,5 ' nent 

181' 7 2,2',3,4',5,5',6 159' 6 2,3,3 ',4,5,5 ' 
182' 7 2,2',3,4,4',5,6 ' 

195' 8 2,2',3,3 ',4,4',5,6 nene 

206· 9 2,2 ',3,3',4,4',5,5',6 none 

209' 10 2,2',3,3 ',4,4',',5',6,6' nent 

• GOt COCDCDOCl «1~. ocaarmICO) ia euvirocamtcul samples (&om twkFulaacl lad Clarke 1919) . 
• major compoacul 0( euv1toQJnll.allDixnarn (&om NOAA 1993.); < lU&b1y 10xic pllDIJ PCB. ' lDtmaatiOlUlI Uo.iOQ ofPwe &: Applied Chemistry. 
Labels iDpuenlbcsH iadicatc dominant 'OIIIPODcull ~ 2% bywt.) otChe COIDDlCrCi.1 PCB mixtaru: Aroclors 1016, 1221. 1242, 12S4& 1260 (tiomDe VQOIl el aL 1990) 
Compil.lioQ of duomltOpap~ Uti fiorD a.Uscbmiler IJIlI ZeD (1910); Hol4ea (1916); Blllschmiler et aJ. (1911): 00 V oo!l et aJ. (1990); Rebbcrc et aL (1992): 
Wise et aL (1993); ScbMlUet oL (1993); Bri&'te, oL (I99S). usia&60m DB·' (or e:cpivalnt)mp ~tioa OC eolamas. 
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Table 4 

Unsubstituted PADs in Calibration Standard used to Quantify PAH 
Levels in Biota Samples from Harbor Sites on Guam 

IUPAC· Nomenclature Molecular Wt. Structural Identity 

Naphthalene 128,19 00 
Acenaphthylene 152.21 00 

00 Acenaphthene 154.21 

©C:© Fluorene 166,23 

dO© Phenanthrene 178.24 

Anthracene 178.24 ©rOO 
©r$ Fluoranthene 202.26 

8& Pyrene* 202.26 

J 
00 

Bcnzo( a)anthracene* 228.30 

~ Chrysene* 228.30 

~ 
00 

Benzo(b )fluoranthene* 252.32 

00& Benzo(k)fluoranthene* 252,32 

009& Benzo(a)pyrene* 252.32 000 
8enzo(ghi)perylene 276,34 

~ Indeno( 1 ,2,3-cd)pyrene* 276.34 00 0 
Dibenzo(a,h)anthracene* 278.36 

, International Union of Pure and Applied ChemiSUY; • - known carcinogen 
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Heavy Metals in Marine Organisms (J.1g/g dry weight) from Other Regions of the World 

Species Location Ag As Cd Cr Cu Hga Ni Pb Sn Zn Reference 
BROWN ALGAE 

Padillll QlI$tralis (k Barrier bet AUltralia ad ad 0.+4.6 ad 2.0.3.0 0.001.0.001 1.0.1 .• <0"".0 ad 3.1-9..5 DcaIoa..t. BIUdoA·JOIlO& 191M 
P"d;1UJ commlnonni $iappcwe CGlltal ",&Un ad ad O.~.6 2. ... .> 3.1-7.3 <0.01· 4.~ji 4.3-7.9 ad 2O.7.JQ.I Bot Ii: Kooac 1976 
PodiM ~poru ..... Rioo ad ad ad ad ad ad D.o.31.0 ad ad ad S~ A Ufm. 1966 

PIUJinD ,.nuis Pcaaa lllaaMl. MlIl,.a. ad •• 7.' 2>.6 '-' l.Q1j. ad 17.1 ad .,.> SiviliDpn. 1m. 1910 
Padina t6nuu ToW1llViUc ~ w ..... APs1nlia <0.1.0.4 ad 0.2·1.4 1.4-10.0 1.4-'.1 ad 0.7_'.4 <0.3-6.2 ad 3.7.)0 B ..... ·Joac&.t oL 1912 

Patina ktmstl'tHltDtiCQ Goa cou&al WIlen. tadia ad ad ad ad 3.1-1.9 ad 1 .0.113 3.0..213 ad 4$-11.1 Apdl.taL 1911 
P06M ,.tnutrPmatlctI Goa couLd Watcn. laIIi- ad 4.I-U. 6 ad ad 1.1-20.1 ad ad ad ad 2O.2-3U ZiD&do.t tJ1. 1916 
PoliM r.tTOItr"OIfIQti"a Towmvillo ~ w.&orI. Australia <0.1-0." ad 0.2·1.2 1.6-13 2.0..9.7 ad 0.9-1.0 1 ...... 9 ad ~"-25.1 B..,...loarx.t al. 1912 
Pa6na k.tnml"DfltMlr4 T"""""'" "",*<Io_....wl <0.1.0 .• ad 0.2.0.6 2.1.9,9 ".4-11 .1 ad 0.7-U 2.0..102 ad 61.2.)66 BonIoo-"-a., dL. 1912 
P,,,IlM r.lrOstrPmadr;a T • ....wJo """'" < ..... ....wl <D .• ad <0.4 31.> "9 ad 13.1 .0. ad ..., BUJdoa-Joarx eI al.197~ 

PadM 'P. bnoUwut ad ad ad ad ad O.06~· ad ad ad ad Homuq.t aL 1911 
PM·Map. P_w-t.Mo"~ ad ad ad ad ad 0.'00" ad ad ad ad SMtiopm .910 
Padi1JQ 'Po l.WoI ....... a.... 0 ..... R..r ad ad 0.2 ad 2.2 0.002 1.1 <0.14 ad '9 Dcaloa &. BunSoa·l_ 19161. 
Padinasp. Aaau Boas Buill. Oaam 0.19 32.1 0.1 0.61 ..,3 <0.002 1.11 0." <0.01 II nBS...,. 
PlUituJ sp. Apn """"'. Gum <0.1-<0. ' ~.l-31. 1 0.2.0" 1.3-3.0 2.6-36.6 0.001.0.026 1.1-3.2 2. ... .> <0.01 4~.1·191 nB_ 
Padina qt. Apt Mum. Ouam <0.1 lD'> "' .. 2.7 4.1 <0.002 2.9 <0.2> <0.01 11.1 nis Sbllfy 
PadiNl 'P. MeND Pier. o.aam <0.' 17.4 <0.1 14.1 21.1 0.003 2.2' 1.01 <0.01 713 nBS...,. 

SOFTCORAlS 
AI9'OfIIumdigitatllm IritIa Su.. UK ad ad 4.1 •• 9.7 ad 17 24 ad .. RJIoy .......... 70 

OOlJloruan JP. Q. Barrier JlceJ; Au&Ualia ad ad 0 .... 3.0 ad 1.1-1.3 <0.001·<0.003 <03·<03 <0.6--<0.7 ad 2.9-12.2 Ooasoa 01; BanIoa-~ 1916b 
UtopltyJon .. p. Q. Banior be.( AuI.Inlia ad ad 2.6 ad 19 <0.002 70 <0.6 ad 4.7 o-toa 4: B ... ·"*- 19IQ 

SiUcoplryton acvkJngulum ToWDSVilIo couIal wilen. Aa&stnlia <0.1 ad 1.6-9.7 ad 1.1·3.2 <0.06 0.13 0.1. '" ad 12.6-19.3 Burdoa 1_ uxl XJLIDIpp 1919 
Sorr;ophylon acvlQnplllfrl l.WoIb ..... OLO ..... I1001: .......... ad ad 0.]·1.3 ad 1.9-~.7 ad <0.2.0.9 <0.).<0.1 ad 13.0.29.9 BunIoa·~ 4: DoaIoo 1914& 

Sarcoplryrtm,laur;um , ........... OL. 0 ..... 1I00I: .......... ad ad 0.>-2.> ad 2.2-6.3 ad <0.2.0.9 <0.4-<0.9 ad 4.2·1~.1 B .... J.,.. &: Dadb1119 ..... 
Sarr;ophyton lror;h.,iophofVM Orpc ... lllaad, Q. Barrier Roo( AIlSInlia •• ad 0.,·3.7 ad 1~.2 ad <02.0.1 <0.4-<0.9 ad 9.9-26.9 Burdoo-JOCIIII A DaoIoa 1914& 

Sarr;oplryfon IJI. Q.. Barrier ~ Auaualia ad ad 0 ..... 2.1 ad 2..j .... , .u <0.002 <0 ..... <0.9 <O.}o<O.9 ad 1.6-29.0 [)eatoa 01; BunIoa·,_ 1916b 
Sinularia .,ana T owasvillo couaa.I w .... Aumalia <0.1 ad 0.1-0.1 ad 0,$..0.1 <0.06 <0'> 0.4-0.4 ad 0.4-0.1 0 ...... _ ... KlooooP'''' 

Sinulmia 'p. Q.. Barrier ReeC AIIIoUalia ad ad 0,j·1.1 ad 2.3·3.2 aU <0.002 <0.3·<0.4 <0.'-<0.1 ad 1.5-9.1 Deotoa 4; Burdoa·JODOII 1916b 
Sinultlrla Ip. Apa Bolt Bas .. 0&Im 2.7 0.01 D •• <0.15 1.0 0.001 0.' <03 '0'> 74.> 

nio_ 
Silllllaria &p. Apn "" .... ClouD .H <0.1 1.'-2.l 0.1-0.2 03-0.3 0.4-0.9 0.007.0.0 13 0.1-0.1 <0,34.4 0.13-0.24 76.3-143 

nio_ 
Sinularia 'P. Mcriza Pief. (]pam <0.1 <0.01 <0.1 <02 0.6 0.022 0.2 <0.3 7.' 31.9 TUShldy 

HARD CORAlS 
A crapora jomtCJ:lD Q.. Buricr boC Allllnlia ad ad 0.01-0.1 ad 0.1-0.' ad 0.1.0.1 <0.1·<0.4 ad 0.4-1.2 DcDaoa 4; BIUdoa-Joua 19I6b 

Aaoporajormosa Apn """"'. Otuo <0. . 0.14 0.1 03 <0.1 0.011 2.12 <03 <0.01 '.7 nisStudy 

'i\m6ia cotJOIWI GL Baaicr!toe( AudraUa ad ad 0.02.0.03 ad 03.0" ad <0.1.0.3 <0.1.<03 ad O.I-U DoIWIa &: 8anIoIl.Jc.oa t9l6b 

Fllnzio amrilllUJ Apn """"'. Gum 0.2 0.2> 0.1 0.3 1.1 <0.011 <0.2 <03 0.06 3.' nBS...,. 
l'\IlI,;a/llngitu ............... t_ ad ad 0.02-0.1 ad 0.2.0.4 ad <0.1-0.2 <0.1.0.1 ad 0.6-1.1 0cal0D &: Burdoa·JODeI 191& 

l'\Intia "'"data Apn"",*.a.- D .• 0.19 0.' 0.2 0'> 0.007 0.3 <03 <0.01 1.1 nBS...,. 
H.rpoli'ho limax Apn """"'. ClouD <0.1-1.2 0.11-0.20 0.1. 0.1 0.J-8,3 0.9·1.5 <O.OOS-O.OU .U <0.2 <0.3-<0.4 aU <0.01 2.2 .... 1 na.Study 

PorikJporo damir;omi$ ....... 800l Bum. Gum <0. , <0.01 D .• <0.1 D •• <0.006 <0.2 <0.3 0.16 1.2' nuStudy 

Por:ikJpot'd ci1ntIcomU Apn_Gum <O.I.Q..J 0.41-61 0.1-8.2 <0.1.0.3 <0.1.0.1 <0.OOS-<O.OO1 0.2..., aU <0.3 .0<0.01 7.0..1.1 nB ..... y 

Pocdoporg damicornis ............ Otuo <0.1 <0.01 <0.1 <0. ' 0.2 0.00' <0.1 <0.2 0.63 3.3 nBS...,. 
PocikJpora damlr;orn;$ Mcriz:o Pier. Guam <0.1 <0.01 <0.1 <0.2 <0.' 0.001 <0.2 <0.4 037 3.' nBS...,. 

• -HI determi.od u .S woI w&ilbt; It - Hi deloCmilled _ .,. dry woip&; :a -DO data. 
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Table 5 (cont.) 

Heavy Metals in Marine Organisms (J,lg/g dry weigbt) from Otber Regions oftbe World 

Seecies Location Ag As Cd Cr Cu Bg" Ni Pb Sn Zn Reference 

IllSH (MlIKk) 
Scvcnlapp. c.aibbeaa Walen .. .. 03·16.6 .. 1·94.2 .. 1.],,7.9 10.9-36.' .. 10.1-117 Foatcr., ~L 1m 
2> .... IIOIth AJlutk .. ' .4 <D.I-ui .. <03·23.0 .. .. .. wWom.,aL 1973 
4 .... SUI AaJaaio Bay, USA .. .. D.H .' .. , .3-2.3 .. .. 0.1..0,9 .. 19·31 Simi & Presley, 1976 ..... SpaiD It Pcwrue.al • Ad.de couc .. .. <0.1-0,' .. 0.6-1.0 O.O~.43 .. 1.1-1.0 .. 9-'211 51 .... .t. Nictlou 197' 
Seven)",. TDIC&a. c:ou&a, halJ .. .. .. .. .. 0.10.0.64 .. 0.1.0"- .. .. 0 ..... _ VauudU 1910 

211 .... E. Mc1ilxn • .. ... ... .. ... 0.01.0.11 ... .. .. ... y...u &. Sad» 1m 
I I spp. luulicow ... .d 0.1.0.1 U .... 9 0.7-13 . .5 .. <0.1-10.' <OJ-U ... 0.>-101.3 ....... ""'-'OTI 
4 .... P .. iMGtJf ... .. .. .. .. O,O4-O.!6 .. .. .. .. Parv"'l979 ..... G>o. ..... .. ad ... ... 23·32..5 .. .. .. .. 7.'·76.' Zia&do.' aL 1976 
4 .... Bombay cour,. lDdili .. ad .. .. .. 0.062-0,470 .. .. .. .. SomIIyaju".I; RamI 1972 ..... W, Malaysia .. .. <.0.1-0.14 .. .. 0 .. 003-0 •• ' ad <0.1-0." ad 0.73-10.0' Babji.tal. 1m 
IOspp. UJIPOf coul ornailaod .. .. .. .. .. 0.006-0.150 .. .. ad .. Cba:wpuinIpMt lit Mtramb 1919 ..... Japu coulal wilen ... .. 0.02.0.11 ... .. 0.02.0.74' .. <0.1.0.6 .. 19.347..5 Eiup 1977 
16app. New Gu.iDea. ad .. .. .. .. 0.02·'.70 ... .. .. ... SoroatiDo 1919 

Codribura SOIIDd, W. AU5Cnlia .. ... 0.1.0.6 O.UU 0.2·'" .. 0.1·3.9 D ....... .. .. PlMkeu 4. Potter 1m 

" .... TOWIIMUo Cou&aI W.acn, AMlntiI <0.1..(1,2 .. &0<0. , 0.1-0.6 0.7·3.' .. <0.1·1.2 <0.1-1,0 .. 1.3-116 a.nIoe-.... , al. 1975 ...... TDWaIVilJo CDtSUI Walen. AIIitnU .. .. .. ad ... 0.03-1.30 ... .. ... .. no. .. .I: 8ftd; 1911 .. .".. GroaI Barrier R.eol; AU5lnla .. ... aU <0.1 .. 0.47-2.4 <0.1)02-1 .9 .U <0.5 .U <0,7 .. 4341.1 DoatoA a:. BunIoa-~ 19 • ..... ApDI8OI.I Buill. o.a.m .0 <0.2 1.4--10.1 .U<o.' <0.1-6.6 0.3-0.1 0.009-0.165 .U<0.4 .U <0..9 <0.01-6.02 1.4-41.9 n;,SIudy 
17spp. "",_.Ouuu <0.1-0.2 0.63-24 .• .0 <0.1 .U <0.5 03-7.1 0.012..0.660 all <0.4 .U <O.1 0.02..0.41 1.3-34.'1 n;,SIudy ..... Apt Muiae. 0Jam .u<o,z 1.3 ... 73 .U<o.1 .U <03 0.3-0.9 0.OO~.Z.4 .U <0.4 .U <O.I <0.01.0.07 113-24.3 n;,SIudy 
'0 .... Morizo Pier. Guam <0.1.0.3 1.7-77.6 aU <D.l <0.1.0.5 0.3.0.1 0.011-6.066 <0.2-<0.7 <0.4-<1.3 .U<O.OI 9.6-24.3 Dis Snacly 

IllSH (Uver) ............ C&ribbeaa. Wa&en .. .. l ..... .1 .. 10.7·71' .. 1.6-5.3 14.1·!IO.7 .. 14.3·t!l1' FORI«., Q/. 19n 
I!I specioI Tow.viUc Coutal Wuen, ~ <0.1-3.0 .. 0.1-6.1 <O.6-LI 5.7-S40 .. <0.2·7.4 <0.3-4.6 .. 49.6-111 Bun&o.J_., al. 1975 ... .".. TOft1ISViUo Coutal W .... ~ .. .. .. ... .. O.OI-Bl .. .. .. .. DeaIoG a:. Brock 1911 .. ..,. are.. Baniar Reel; A.valia .. .. 0"'2119 ... Lt·I)93 0.007·10.09 aU <0.' .0<0.7 .. 61.9-233' o-t .. a:. 8wdoa·1ODCII1916c: 
1spp. Apu .8oalB'" Gaam <0.1·1.7 0.4-7.2 0,2· ... <0.2<1.0 '.4-11' 0.01~1.02I <0.2·<1.0 <0,4-10.' 0.01.0.29 'LI .... 5 n;,Study 
171pp. "",_.Ouuu <0.1·',1 1.3-9.1 0.1-4.' <d.Il ..... 2.6-1920 0.020-1.197 <0.2·<0.1 <0.3·1.1 0.1'·9.67 21.""" niaShMly 
2 .... .............. ouuu .U <O." 1.4-7.1 0.3-1.9 .0<0.6 9.1-90.0 0.011-0.637 .0<0.6 <0.1-<1.1 0.02.0.53 '1.6-212 n;,SIUdy . .".. Morizo Pier. Gwa <0.2-2.3 1.9-1'.2 0.7-1.9 cO.3-<1.6 3.4-71.7 0.010-0.761 <0.3-<1.7 <0.5-3.9 <0.01.0.11 31.'-315 n;,SIUdy 

. .. "' cIcIermiIto4 _ ., wei weiabt: b - He dekInni&locI u •• chy weipal; c · molal a:::::::::;c; 011 • wet weip.t "i.; :a -DO data 
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Table 6 

PCB Concentrations in Marine Organisms from Otber Regions oftbe World 

BIVALVES 

Species 

Oysters 
Mussels & Oysters 
Mussels & Oysters 
Mussels & Oysters 
Mussels & Oysters 
Mussels & Oysters 
Mussels & Oysters 

Perna viridis (Mussel) 
Perna viridis (Mussel) 

Mytillus galloprovinclalis (Mussel) 

CRUSTACEANS 
Macropipus tuberculat (Crab) 

nd - n~ deted.ed; • - data expressed in nglg dry waFt 

Location 

Dominican Republic 
Puerto Rico 
Puerto Rico 
Puerto Rico 

Cuba 
Jamaica 

Trinid3d and Tobago 
Junk Bay, Hong Kong 

Hong Kong 
Catalan Mediterranean Coast 

Catalan Mediterranean Coast 

Total PCB (nglg) 

19.5 - 51.2* 
18.3 - 55.1* 
3.SO - 36.1-
32.3 - 83.0-

15.3-
14.9 - 25.4-
8.54 - 15.6-

1904-
245 - 1667-
2.19-51.1 

10.2 - 90.5 

Reference 

Sbriz et al. 1998 
GREG 1993 
GREG 1994 
GREG 1995 

IMW Program., Sericano unpublished results 
IMW Program., Sericano unpublished results 
IMW Program., Sericano unpublished results 

Phillips 1985 
Phillips 1986 

Porte & Albaiges 1994 

Porte & Albaiges 1994 
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Table 6 (cont.) 

PCB Concentrations in Marine Organisms from Other Regions of the World 

Species 

FISH (muscle) 
5 spp. 

Tiltlpia Ill/a/jell 

Tilllpill "iii, 
,1/III/IIS hllrhtlllls (Red mullet) 

3 spp. 
25 spp. 
5 spp. 

,I~roxocepllllills qlladrlcor",s (Sculpin) 
6 spp. 
5 spp. 

Pla(I'Ceplwllls bllssel/sis (Flathead) 
-I spp. 

FISH (liver) 

-I spp 
-I spp. 
-I spp. 
-I spp. 
3 spp. 
6spp. 
5 spp. 
3 spp. 

ThllllllllS ,hYlIIlIIS 

nd .., not dt.t..:...1..x1: ' data '::\lJf~ in 11&,& dry W\!lght 

, 
..... 

Location 

Egypl. Abu Qir Bay 
Egypt, Iduku Lake 

Egypl. Maryut Lake 
Grecce, Alexandroupolis 

Egypl. Ebro delta 
England and Wales 

Australia, Brisbane Ri\'er 
Canada, Victoria Island 

England 
Australia, Brisbane Ri\'er 
Australia, Pon Philip Bay 

Australia, Richomond River 
Australia, Wallis Lake 

Australia, Parramalla River 
Australia, Georges River 

Australia, SI. Georges Basin 
Australia, Botany Bay 

Australia, Georges and Cooks River 
Australia, Sydney Harbour 

Catalan Mediterranean Coast 

Catalan Mediterranean Coast 

Table 7 

Totlll PCB (nglg) 

556- 89.5 
16.0 - 170 

219 
7 9 - 1-1.6 
18 - 20.) 
nd - 2100 
nd - 9-10 
nd - no 

-I 0 - 69.0 
100 - 2100 
2.7 - -12 .5 
nd - 97 I 
nd - 93.5 
nd - 217.6 
nd - 136 3 
nd - 222.-1 
600--110 

1-11 - 101-10 
10,0 - 3782 
3 10 - -182 

112 - 275 

Reference 

EI Nabawi el al. 1987 
EI Nabam el al. 1987 
EI NabalVi el III. 1987 

Giouranovitis-Psyllidou el III. 199-1 
Pastor el III. 19% 

Murray and Ponmann 198-1 
Shaw and Connell 1980 

Bright el al. 1995 
Franklin 1987 

Shaw and COllnell 1982 
Nicholson el al. 199-1 

Williams and Krogh 1993 
Williams and KrOgll 1993 
Williams and Krogh 1993 
Williams and Krogl\ 1993 
Williams and Krogh 1993 

Scribner el al. 1987 
Roach and Runcie 1998 
Roach and Runcie 1998 
Pone & Albaiges 199-1 

Pone & Albaiges 199-1 

PAH Concentrations in Marine Organisms from Other Regions of the World 

Species Location Total PAD (ng/g) n' Reference 

BIVALVES 
,I~vlii/lls gal/oprOl'illcial,s (Mussel) Mediterranean Sea 25.1 - 337' 1-1 Baumard el "I. 1998 

Spo/lt~l'llIS sp, (Rock Scallop) Askar, Bahrain IH' 5 Fowler el al. 1993 

SlIceoslrea cllclIl/mll (Rock Oyster) Oman 92--196" 5 Fowler el al. 1993 

5 spp. Gulf of Naples 185 - 295 16 Cocchieri el al. 1990 

,I~l"ii/lls gal/oprol'illcialis (Mussel) Catalan Mediterranean Coast 
, 

Pone & Albaiges 1993 190 - 5-190 total" 
CraSSOSlrea I'irgillica (Oyster) Palmello Bay. South Carolina 269 - 520 lotal Marcus & Stokes 1985 
Crassoslrea I'irgilliea (Oyster) Outdoor resons. South Carolina 13-1- 2-17 total Marcus & Stokes 1985 
Crassoslrea virgilliea (Oyster) Fripp Island, South Carolina 21 - 55 total Marcus & Stokes 1985 
11~l'lillIS edlliis (Bay mussel) Oregon 27 - 986 total Mix & Schaffer 1983 

Placopeclell ",agel/alliells (Sea scallop) New York Bight 127 lotal Humason & Gadbois 1982 

CRUSTACEANS 
Po!vbills IIellslolI'l (Crab) Mediterranean Sea 82.8 - 102' 1-1 Baumard el ai, 1998 

,1(l'sids (Shrimp) Mediterranean Sea 220" 1-1 Baumard el al. 1998 

Ellpllallsiids (Shrimp) Mediterranean Sea 509' 1-1 Baumard el al. 1998 

Shrimp Mediterranean Sea 6200 - 6-100' total' Yilmaz el al . 1998 

JIIacropiplIs /IIberelllm (Crab) Catalan Mediterranean Coast 60 - 930 total' Pone & Albaiges 1993 
Callcer irrorallls (Rock Crab) New York Bigllt 1600 total Humason & Gadbois 1982 
Calleer irrorallls (Rock Crab) Long Island Sound 1290 total Humason & Gadbois 1982 
HOlllartls alllerieallllS (Lobster) New York Biglll 367 total Humason & Gadbois 1982 
HOlllarlls alllerieallllS (Lobster) Long Island Sound 328 total Humason & Gadbois 1982 

nd '" not dI.t~; • "" cbu .:spt'css..:d in nglg. dry Wciglll 
' - numb~ ofindi\·jdual PAth analYl.cd~ 1 . quantifi\ld as dv)'SI,S)\: 

~ 
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Table 7 (cont.) 

PAn Concentrations in Marine Organisms from Other Regions of the World 

Species Location 

FISH (Muscle) 
2 spp. Georges Bank 
2 spp. Georges Bank 

Parophrys velulus Pogel Sound, Washington 
2 spp. Finnish Archipelago 

3 spp. Turkey 
4spp. Donano Natural Park, Spain 

2 spp. Arabian Gulf 

Mullus barbalus Adrialic Sea 
Tilefish Middle Atlantic Bighl 

Gai/us morhua NW Atlantic 
2 spp. Medilerranean Sea 

Arius Ihalassinus(Sea catfish) Ras AI Jousah, Kuwail 
Lelhrinus nebulosus (Pigface bream) Safaniya, Saudi Arabia 

6spp. Bahrain 
Epinepholus sui/lus Dubai, UAE 

Sspp. Oman 
14 spp. Gulf of Naples 

8spp. Medilerranean Sea 
Mugi/ sp. Mersin Haabour, Medilerranean Sea 

nd - nal dcteded; • - data CJCPres.sed .... nglg cky weirJn 
I . number or individual PAlla analyu:d; 1 . quantifwd as d\ry5ene 

• .... 
w 

Total PAR (nglg) 

5000 • 38000· 
14· 18" 

nd· 
85· ISO" 

1000·8000· 
nd ·11000" 

66000 -689000· 

020·170" 
1.96 ·3.95· 

nd· 
14.7·139" 

139· 
39.1 ·322.2" 

1.9· 135" 
18.4" 

10.5·38.2· 
94 · 1930 

1100 • 10700" 

10000· 14500" 

Table 7 (cont.) 

n l 

10Ia1 
> 13 
23 
14 

1000e 
Iotal 

IOlae 

IOlae 
24 
27 
14 
5 
5 
5 
5 
5 
16 

lolal' 

1000e 

Reference 

Boehm and Hir1Zer 1982 
Boehm and Hir1Zer 1982 
Malins 01 01. 1984, 1985 

Rainio 01 01. 1986 

SalihogJu ef 01. 1987 
Albaiges el al. 1987a, 1987b 

E1 Deeb and EI Ebiary 1988 

Dujmov and Sucevic 1989 
Sleimle .1 al. 1990 
Hellou el al. 1993 

Baurnard et 01. 1998 
Fowler of 01. 1993 
Fowler 01 al. 1993 
Fowler 01 01. 1993 
Fowler 01 al. 1993 
Fowler.1 01. 1993 

Cocchieri of 01. 1990 

Yilmaz el 01. 1998 

Yilmaz 01 al . 1998 

PAD Concentrations in Marine Organisms from Other Regions ofthe World 

Species Location 

FISH (Muscle) 

3 spp. Calalan Medilerranean Coast 
3 spp. New York Bighl 
3 spp. Long Island Sound 

FISH (Liver) 
2 spp. Georges Bank 
2 spp. Georges Bank 

Parophrys velulus Pogel Sound, Washington 
2 spp. Finnish Archipelago 

3 spp. Turkey 
2 spp. Donano Nalural Park, Spain 

2 spp. Arabian Gulf 
Tilefish Middle Atlantic Bighl 

Gai/us morhua NW Atlantic 
Lelhrinus nebulosus (Pigface bream) Safaniya, Saudi Arabia 

Epinephelus sui/lus Dubai, UAE 
3 spp. Oman 

Thunnus Ihynnus Calalan Medilerranean Coasl 

-nd - .... dclcc1ed; . . ..... oxpn:osaI in npJg <loy weill'< 
I _ number of individual pAJis an.lyzcd~ 1 .. quantified as duyscnc 

Total PAR (nglg) 

40·190 
315·536 
86·124 

127000·885000" 
204·902" 
72 ·989" 

590·2225" 

5000 • 75000" 
8000 • 602000" 

76000 • 677000" 
21.96·12.8" 

nd· 585· 
457·2920" 

117" 
12 ·32" 

80·270 

n l 

lolal' 
lolal 
Iotal 

10Ia1 
>13 
23 
14 

IOlal' 
IOlal 

Iolal' 
24 
27 
5 
5 
5 

IOlae 

Reference 

Pone & Albaiges 1993 
Hurnason & Gadbois 1982 
Hurnason & Gadbois 1982 

Boehm and Hir1Zer 1982 
Boehm and Hir1Zer 1982 
Malins el 01. 1994, 1995 

Rainio el 01. 1986 

SalihogJu ef 01. 1987 
Albaiges el 01. 1987a. 1987b 

EI Deeb and EI Ebiary 1988 
Sleimlc el 01. 1990 
Hellou 01 01. 1993 
Fowler el 01. 1993 
Fowler 01 01. 1993 
Fowler of 01. 1993 

Porte & Albaiges 1993 



RESULTS & DISCUSSION 

1. REA VY METALS IN IlARBOR BIOTA 
The heavy metal data obtained during the present study are summarized in Tables 8-15 at the 
end of this section. The following text is organized on a metal by metal basis and the data are 
discussed with reference to levels found by other workers in similar and related species from 
elsewhere in the world. The bioindicator potential of each group of organisms is also 
discussed where appropriate. All referenced data are expressed on a dry weight basis unless 
stated otherwise. The Guam data can be conveniently expressed on a wet weight basis if so 
desired using the water content data recorded in each table. 

1.1 Silver lAg): 
Silver ranks among the most toxic of heavy metals to marine organisms (Moore 1991). 
Levels in abiotic components of the marine environment are usually low. Dissolved levels in 
seawater are generally less than 0.001 j!g/l (Shafer 1995) while levels in uncontaminated 
sediments are in the order of 0.1 j!g/g (Bryan and Langston 1992). Sedimentary silver 
concentrations in highly polluted environments can exceed 100 j!g/g (Skei el al. 1972). 
Levels previously reported by us for Guam harbor sediments were consistently below an 
analytical detection limit of -0.2 j!g/g indicating that silver is not an element of environmental 
concern locally (Denton el al. 1997). Levels found in biota during the present investigation 
are discussed below. 

1.1.1 Ag in Algae: 
In the present study, silver levels in the brown alga, Padina sp., were below the limits of 
analytical detection except at Agana Boat Basin where the pooled tissue composite yielded a 
value of 0.89 j!g/g (Table 8). Burdon-Jones el al. (1982) reported silver concentrations of 
<0.1-0.4 j!g/g for this genus taken from Townsville Harbor, Australia (Table 5). Levels 
recorded in other phaeophyceae generally do not exceed 0.4 j!g/g (Preston el al. 1972, Bryan 
and Uysal 1978, Burdon-Jones el al. 1975) although Bryan and Hummerstone (1977) gave a 
maximum value of2.42 j!g/g for Fucus spp. collected from the metal enriched Looe estuary in 
Cornwall, UK. 

1.1.2 Ag in Sponges: 
Silver levels found in sponges during the current study were low and ranged from <0.11-0.47 
j!g/g. The highest concentrations occurred in specimens from Apra Harbor and Agana Boat 
Basin (Table 9). We were unable to locate any comparative silver data for sponges from 
elsewhere. 

1.1.3 Ag in Corals: 
Silver does not concentrate up the food chain and so residues are typically low in invertebrates 
from most surface waters (Moore 1991). Reported levels for soft and hard corals rarely 
exceed 0.1 j!g/g (Veek and Turekian 1968, Riley and Segar 1970, Burdon-Jones and Klumpp 
1979). The relatively high level of 2.7 j!g/g recorded in Sinularia sp. from the Agana Boat 
Basin during the present study (Table 10) is of interest because it supports the mild 
enrichment demonstrated by Padina sp. collected from this area. 
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1.1.4 Ag in Sea Cucumbers: 
Silver levels in almost all species of echinoderms examined by others are either low, non­
detectable, or near the limits of analytical detection (Eisler 1981). The results of the present 
study are in line with these findings apart from one relatively high value of 4.9 I-lg/g 
determined in the hemal system of a specimen of Holothuria alro from the Port Authority 
Beach area in Apra Harbor (Table 11). Papadopoulu et af. (1976) reported whole body silver 
concentrations of 0,05 I-lg/g for the sea cucumber, Holothuria tublliosa. 

1.1.5 AginMo/lusks: 
Mollusks show considerable inter- and intra-specific variations in silver concentrations. In 
most cases, the highest reported levels coincide with samples taken from polluted 
environments (Alexander and Young 1976, Fowler and Oregioni 1976, Greig 1979), Oysters 
appear to have a greater affinity for this element than either mussels or scallops (Brooks and 
Rumsby 1965). Levels reported for this group commonly fall between 0.1 and 10 I-lg/g 
(Thurberg et al. 1974,Watling 1976, Goldberg et al. 1978, Greig and Wenzloff 1978) as seen 
during the present study (Table 12), However, Windom and Smith (1972) found high levels 
ranging from 28.0-82.0 I-lg/g in oysters from the Georgia coast, USA. 

Comparative data for silver in the other bivalve species collected during the present study is 
almost nonexistent (Table 13), Burdon-Jones and Klumpp reported 0.6-11.8 I-lg/g for Chama 
iostoma from Townsville coastal waters, Australia, and is somewhat higher than reported here 
for C. brassiea. These authors also looked at silver in the separated tissues of Spondylus 
dllealis and found maximum levels of 11.3 and 13.7 I-lg/g in the digestive gland and kidney 
respectively. Levels in both tissues seemed to decrease with increased distance offshore, a 
trend presumably related to the proximity of contamination sources, 

While the digestive gland and kidney are the sites of silver deposition in bivalve mollusks, it 
is the liver that usually accumulates the highest concentration of this element in cephalopod 
mollusks, This was evident for octopus collected from Apra Harbor during the current study 
(Table 14) and has previously been demonstrated with squid (Denton, unpublished data), 
Interestingly, the highest recorded silver levels in squid liver are 25 ,0 I-lg/g and 45 I-lg/g found 
in Loligo opalescells from the central and southern California coasts respectively (Martin and 
Flagal 1975), 

1.1.6 Ag in Crustaceans: 
Crustaceans generally contain low tissue levels of silver ranging from 0.5 I-lg/g or less, in 
muscle and gonad, to 1-10 I-lg/g in the hepatopancrease (Bertine and Goldberg 1972, Greig et 
af. 1977, Hall et al. 1978). Thus, levels found in mantis shrimp tissues during the present 
study were not considered unusual (Table 14), 

1.1.7 Ag in Ascidians: 
Few studies have focused on heavy metal in tunicates. Papadopoulu and Kanias (1977) 
looked at silver in whole Ciolla infestinalis and Mierocosmlls sulcatus and found very low 
levels of 0.021 and 0,031 I-lg/g respectively, Tunicates from Apra Harbor generally showed 
similarly low levels of this element in their tissues (Table 14), 

- 36 -

1.1.8 AginFish: 
In contrast to the situation with tunicates, there is a wealth of data describing heavy metal 
levels in fish. Public health interests in species commonly consumed by man have largely 
driven this research. According to Eisler (1991), biomagnification of silver rarely occurs in 
fish, even under the most polluted conditions. Consequently, silver levels in fish muscle 
never exceed 0,2 I-lg/g wet weight and are almost always <0.1 I-lg/g wet weight The findings 
of the present study confirm this statement (Table IS), Like most other metals, silver tends to 
be more concentrated in the liver of fish although levels rarely exceed I I-lg/g wet weight 
During the present work, higher levels were found in less than 3% of liver samples analyzed, 

1.1.9 Concluding Remarks: 
Clearly, none of the organisms examined were excessively enriched in silver, confirming 
earlier conclusions regarding this element's low level abundance in our local harbor 
environments (Denton et al. 1997). 

1.2 Arsenic (As): 
Although arsenic has several oxidation states, the chemical form normally encountered in the 
environment is not particularly toxic to aquatic organisms (Moore 1991). Soluble arsenic 
levels in seawater are normally around 2-4 I-lg/I (Riley and Chester 1971, Bowen 1979) while 
levels in uncontaminated sediments are in the order of 5 I-lg/g (Bryan and Langston 1992). 
Levels previously reported by us for local harbor sediments ranged from < 1.0-17.0 I-lg/g with 
the highest levels occurring in samples from Hotel Wharf in Apra Harbor, Values of 1-3 I-lg/g 
were considered to be fairly typical of clean carbonate sediments on Guam (Denton et al. 
1997), In highly contaminated environments, arsenic levels in sediments can exceed 1000 
I-lg/g (Langston 1984, 1985). 

1.2.1 As in Algae: 
Appreciable amounts of arsenic are present in most marine species and most of this is in the 
organic form, In algae for example, lipid soluble dimethyl arsenate usually accounts for well 
over 90% of the total arsenic present (Klumpp and Peterson 1979), It should be emphasized 
that most of the organic arsenic in algae is the result of metabolic transformations within the 
plants themselves and not direct uptake from water (Moore 1991). Average arsenic levels in 
algae (all types) are around 20 I-lg/g according to Bryan (1976) with normal ranges between 2 
and 60 I-lg/g (Eisler 1981), Levels determined in Padina sp, during the present study fell 
within these limits (Table 8), 

1.2.2 As in Sponges: 
Data on arsenic levels in sponges are limited, Leatherland and Burton ( 1974) recorded 2,8 
I-lg/g in the bread sponge, Haliehondrea panieea, from Southampton waters in the UK. In our 
study, we determined relatively high levels of arsenic (5,96-47.7 I-lg/g) in the majority of 
sponges collected from Apra Harbor. In contrast, levels were either at or below detection in 
specimens taken from all other harbor sites (Table 9), 
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1.2.3 As in Corals: 
Corals from Apra Harbor generally contained the highest arsenic concentrations determined 
during the present investigation (Table 10). However, levels were generally lower than found 
in algae and sponges, with the notable exception of Pocilopo~a tia.micor'!is from b~neath the 
Shell Fox-l Fuel Pier (site c). The arsenic level measured m thIS partIcular specImen was 
67.1 lIg/g. We were unable to locate any previous studies of arsenic abundance in corals 
although some data exists for other coelenterates. For example, Leatherl~d an.d ~urto~ found 
72.0 Ilg/g in the sea anemone, Teliajelina, from the Solent estu~, a major shippmg ~ghway 
in the south of England. In his review paper, Bryan (1976) estimates average arseruc levels 
for coelenterates to be around 20 Ilg/g· 

1.2.4 As in Sea Cucumbers: 
The echinoderms are another group that has received little attention in terms of their trace 
metal content. Bryan (1976) reports an average arsenic value of 5 lIg/g for the group as a 
whole but draws attention to the fact that his estimate is derived from very few data. Based 
on ou~ findings for Guam harbors, it would seem that arsenic levels are appreciably lower 
than this at least in sea cucumbers. For example, both Holothuria afra and Bohadschia argus 
from Ag~na Boat Basin, Agat Marina and Merizo Pier contained less than 0.01 lIg/g i~ their 
body wall muscle (Table 11). Levels were slightly higher. in the h~mal system but . dId not 
exceed 0.2 Ilg/g in any of the samples analyzed. Levels m both tlssu.es were cons~dera~ly 
higher in all specimens collected from within Apra Harbor. These findmgs once agam pomt 
towards the increased biological availability of arsenic in this area. 

1.2.5 As in Mollusks: 
Mollusks are known to be unusually rich in arsenic compounds. For example, the whole soft 
parts of the file shell, Pinna nobilis, from the Mediterranean were reported to contain up to 
670 Ilg/g (papadopoulou 1973). Closer to home, the chamid, Chama plinthola, from the 
Torres Strait was found to contain a maximum of 1400 Ilg/g (Dight and Gladstone 1993). 
Fortunately, such compounds consist primarily of organic pentavalent s~ecies, non-toxic 
forms with little implications from a human health perspective. Most other bIvalves generally 
contain much lower arsenic levels than the two examples cited above. Oysters, for example, 
normally contain around 10 Ilg/g (Forstner 1980) although the natural range can extend from 
1-15 Ilg/g (Eisler 1981). Arsenic levels measured in oysters d~ring the present s~dy 
frequently exceeded 20 lIg/g and peaked at 38.4 lIg/g in one specImen from Agat Manna 
(Table 12). Oysters from Apra Harbor generally ~ontained the lowe~ .concen~ations of 
arsenic in contrast to the other animal groups descnbed above. The utlIJty of bIvalves as 
indicators of arsenic pollution has yet to be unequivocally established. 

The bivalve kidney is the primary deposition site for arsenic. In most bivalves these paired 
organs are anatomically inconspicuous but in spondylids and cha.mids they are .enlarged. This 
could account for the relatively high arsenic levels observed m representatives from both 
groups analyzed during the present study (Table 13). The tridacnid clams are another group 
with enlarged kidneys. In fact, the kidneys of these bivalves account for up to 10"10 of the 
total flesh wet weight (Reid et al. 1984). Interestingly, one representative of this group, 
Tridacna maxima, was found to contain renal arsenic levels in excess of 1000 Ilg/g (Benson 
1983). 
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Cephalopod mollusks show a similar affinity for arsenic as their bivalve relatives, and 
according to Bryan (1976), contain average concentrations of around 40 lIg/g. The relatively 
high arsenic levels, determined in the liver (44.3 lIg/g) and tentacles (96 lIg/g) of the octopus 
captured in Apra Harbor during the present study are, therefore, unremarkable (Table 14). For 
comparative purpose, we note here that Leatherland and Burton (1974) reported arsenic levels 
of73 lIg/g in the mantle of the cuttlefish, Sepia officianalis, from north temperate waters. 

1.2.6 As in Crustaceans: 
Arsenic concentrations in decapod crustaceans range from 1-100 Ilg/g (Fowler and Unlu 
1978) although average concentrations for the group are around 30 Ilg/g (Bryan 1976). Levels 
determined in the stomatopod from Apra Harbor tended towards the lower end of this range 
(Table 14). 

1.2.7 As in Ascidians: 
Tunicates are not exceptional accumulators of arsenic and average levels for the group, based 
on limited data, are in the order of 5 Ilg/g (Bryan 1976). Levels determined in two genera of 
ascidians from Apra Harbor during the present study ranged from 2.31-3 .92 lIg/g (Table 14). 
Whether these values are influenced by the mild enrichment of biologically available arsenic 
in this area remains to be determined. 

1.2.B As in Fish: 
Arsenic concentrations in edible fish tissues are generally lower than those reported for edible 
portions of algae, crustaceans, and bivalve mollusks (Lunde 1977). Eisler (1971) conducted 
an extensive review of arsenic in fish tissue and concluded that while levels in muscle and 
liver tissues varied widely, most fell between 2.0 and 5.0 Ilg/g wet weight. The results of our 
study confirm this (Table 15). However, Eisler also noted that hepatic arsenic levels were 
usually higher than those found in muscle tissue, which is contrary to what we observed. 

There is some evidence that fish are useful indicators of arsenic contamination. For example, 
Grimanis el al. (1978) found maximum levels of 18.0 and 142 lIg/g in the flesh of Gobius 
niger from non-polluted and polluted areas of the Aegean Sea respectively. Likewise, 
Papadopoulu et al. (1973) recorded average concentrations of 18.0 and 39.0 lIg/g in the flesh 
of Pagel/us erythrinus from clean and contaminated areas of the Mediterranean 

1.2.9 Concluding Remarks: 
The data generally point toward mild enrichment of biologically available forms of arsenic in 
the outer Apra Harbor area. Discrepancies between the various groups in this regard 
presumably reflect inter-specific differences in affinity and metabolic control over this 
element, in addition to variations in uptake from different fractions of the total available load 
(Le., soluble, particulate, food-associated, or sediment-bound arsenic). 

1.3 Cadmium (Cd): 
Cadmium, particularly as the free cadmium ion, is highly toxic to most plant and animal 
species (Moore 1991). Cadmium concentrations in remote open ocean waters may be as low 
as 0.002 1Ig/1 and rarely exceeds 0.5 Ilg/l in nearshore waters, even in heavily industrialized 
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areas (Yeates and Bewers 1987), Non-polluted sediments normally contain 0.2 Jlg/g or less 
but levels may exceed 100 Jlglg at heavily contaminated sites (Naidu and Morrison 1994). 
Previously reported cadmium concentrations in Guam harbor sediments ranged from less than 
0,11Ig/g, in the great majority of samples analyzed, to 2.18 lIg1g at Hotel Wharf in Apra 
Harbor. It should be mentioned, however, that two other surface sediment samples taken from 
Hotel Wharf at the same time yielded values of 0.27 and 0.35 Jlg/g indicating cadmium 
enrichment heterogeneity in this area, 

1.3.1 Cd in Algae: 
The ability of algae to accumulate cadmium from seawater is well documented and levels as 
high as 220 Jlg/g have been recorded in brown algae (Fuclis vesiclilosIIs) from the metal 
enriched Severn Estuary in the UK (Butterworth et al 1972), Levels recorded in Padina sp, 
during the present study ranged from <0,1 Jlg/g, in samples from Agat Marina and Merizo 
Pier area, to 0,5 lIg/g in algae from Apra Harbor (Table 8), These values compare well with 
levels found in related species from Singapore coastal waters (Bok and Keong 1976) and the 
Australian Great Barrier Reef (Denton and Burdon-Jones I 986a), However, they are a little 
lower than those found in Padina sp, from elsewhere (Table 5). For example, Burdon-Jones 
el al. (1982) determined a maximum mean value of 1.4 Jlg/g in Padina lenllis from the coastal 
waters off Townsville, Australia, while Sivalingam (1978) reported a high of7,1 Jlg/g for the 
same species from Penang, Malaysia. 

While algae are generally considered to be useful biological indicators of dissolved cadmium, 
the presence of elevated levels of iron andlor manganese in the water can significantly reduce 
cadmium uptake (Moore 1991). This is thought to occur as a result of competition between 
the metals for cellular binding sites. Since harbors are typically enriched with both metals, 
some caution is required in interpreting cadmium contamination profiles in such areas from 
the analysis of algae alone, The work of Burdon-Jones et al. (1982) clearly demonstrated this 
problem, These researchers collected Padilla tetrostromatica from Townsville Harbor an , 
area enriched with all three metals. Cadmium levels in algae, collected monthly for one year 
from this location, ranged from 0,2-0.6 Jlglg compared with 0.2-1,2 Jlg/g at a control site. 

1.3.2 Cd in Sponges: 
Low levels of cadmium were found in all sponge samples collected during the present study, 
Values ranged from 0.11-0,86 Jlg/g with no obvious inter-site differences. Comparable data 
are rare and confined here to reports by Leatherland and Burton (1974), who found 0.85 Jlglg 
in the bread sponge, Halichol/dria pal/icea, and Bernhard and Zattera (1975), who reported a 
range of 1.2-4.5 Jlglg for several species of porifera from Puerto Rico, 

1.3.3 Cd in Corals: 
Cadmium concentrations in representative species of coelenterates, reviewed by Eisler (1971), 
ranged from 0,07-5.3 Jlglg in whole organisms. A more recent survey of hard and soft corals, 
from unpolluted waters of the Great Barrier Reef, revealed levels of 0.02-0,2 Jlg/g and 0.1-9.7 
Jlg/g in representatives of each group respectively (Burdon-Jones and Klumpp 1979, Burdon­
Jones and Denton 1984a, Denton and Burdon Jones 1986b). These values encompass the 
range of cadmium concentrations determined in hard and soft corals during the present study. 
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1.3.4 Cd in Sea Cucumbers: 
Echinoderms generally seem to contain cadmium levels of less than 1.0 Jlg/g. However, there 
are exceptions. For example, Riley and Segar (1970) found 4,5-5,3 Jlg/g in the starfish, 
S?laSler papposIIs, . from UK coastal waters, whilst Noddack and Noddack (1939) reported a 
hIgh of 2.6 Jlg/g In the sea cucumber, Slichop"s tremlllus, from an unspecified location. 
Thompson and Paton (1978) determined a slightly lower maximum of 1.7 Jlg/g in body wall 
muscle of the sea cucumber, Molpadia ifllermediai, from a sediment disposal site in the 
Georgia Strait, Vancouver. In contrast, Burdon-Jones and Denton (1984a) failed to find 
cadmium above a detection limit of - 0.1 Jlglg in the same tissue of Slichoplis variagatlls from 
unpolluted sections of the Great Barrier Reef These studies strongly suggest that sea 
cucumbers have some bioindicator capacity for cadmium. If such is the case, the findings of 
the current study (Table 11) infer that none of the harbor sites visited were appreciably 
enriched with this element. 

1.3.5 Cd in Mollusks: 
Biv~lve mollusks have been widely used to monitor cadmium pollution in aquatic 
envIronments. The fact that they are sessile and have a high affinity for cadmium, and several 
other metals of environmental concern, make them ideal candidates for coastal monitoring 
purposes. However, this latter quality also places severe constraints on their usefulness as a 
food resource when harvested from heavy metal contaminated waters, 

There is considerable data for cadmium and other heavy metals in oysters, In clean 
environments, cadmium levels in the whole soft parts of oysters usually lie somewhere 
b~tween 1.0 and 10 Jlg/g (Table 5). In grossly contaminated environments they are very much 
hIgher. For example, Talbot et al. (1976) reported a high of 174 Jlglg in the flesh ofOstrea 
al/gasi taken from the polluted Port Phillip Bay area in Australia. Similarly, Ratkosky el al. 
(1974) found 30.7 Jlg/g wet weight in Crassostrea gigas taken close to a zinc refinery in 
Tasmanian waters, This translates to -ISO Jlglg when recalculated on a dry weight basis. 
Levels encountered during the current study ranged from 0.2-1.0 Jlglg and are among the 
lowest ever recorded for this group (Table 12). 

Not much in the way of comparable data exists for the other bivalves analyzed during the 
present investigation. What little data there is has been incorporated into Table 5 and largely 
reflects the extensive work of Burdon-Jones and coworkers. Suffice to say cadmium levels in 
cham ids and spondylids from Guam harbors are appreciable lower than those found in related 
species from the Great Barrier Reef and the Torres Strait. 

Cephalopod mollusks tend to accumulate naturally high concentrations of cadmium and other 
trace elements in their livers (Table 5), In contrast, levels found in edible tissues are usually 
very much lower. There is no evidence from the literature to suggest that these organisms 
have any usefulness as bioindicators of heavy metal pollution. 

1.3.6 Cd in Crustaceans: 
Crustaceans naturally contain reasonably high levels of cadmium in their digestive gland 
(hepatopancreas) and occasionally in their gills and gonads (Burdon-Jones et al. 1975). Levels 
in muscle, while generally lower, often vary between 1-10 Jlg/g. However, the great majority 
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of values reported in the literature are less than I ~g1g (Eisler 1981) as was noted in the 
present study with mantis shrimp (Table 14). There is some evidence to suggest that levels of 
cadmium in crustacean tissues are influenced by, and therefore reflective of, environmental 
levels (White and Rainbow 1982, Rainbow and White 1989) 

1.3.7 Cd in Ascidians: 
The little work that has focused on cadmium in tunicates, including the results of the present 
study, indicates that levels normally encountered in this group range between 0.1 -3.0 ~g1g 
(Leatherland el al. 1973, Eustace 1974, Letherland and Burton 1974). It is noteworthy that 
cadmium levels in all ascidians from Guam are at the lower end of this range (Table 14) 

1.3.8 Cd in Fish: 
Cadmium levels in fish muscle are generally less than 0 I ~g1g although there are occasional 
reports of levels I to 2 orders of magnitude higher in fish from contaminated areas (Forster el 
al. 1972, Halcrow el al. 1973, Sims and Presley 1976, Bohn and Fallis 1978) Levels 
determined in fish muscle during the present study were either undetectable or below 0.1 ~g1g 
(Table 15) Denton and Burdon-Jones (1986c) reported similarly low values in muscle of SO 
species of Australian fish from remote areas of the Great Barrier Reef These authors also 
noted that cadmium was usually more concentrated in the livers of fish examined In fact , 
levels often exceeded 20 ~g1g and occasionally topped I 00 ~glg in this tissue They 
concluded that dietary difference between and within species were responsible for the highly 
variable hepatic cadmium levels encountered. Interestingly, hepatic cadmium levels 
determined in fish during our study were considerably lower and ranged from 0.2-4.8 ~g1g. 

1.3.9 COllcludillg Remarks: 
Based on the foregoing data and discussions, it seems reasonable to assume that cadmium 
does not pose a threat to the health of ecosystems, or integrity of potential food resources, 
within any of the harbor environments examined 

1.4 Chromium (er): 
Chromium is only moderately toxic to aquatic organisms (Moore 1991) Total dissolved 
chromium levels in seawater show little variability and range from around 0.6 ~g11 in offshore 
areas to 1-2 ~gli in highly polluted areas (Riley and Chester 1971, Beukema el al. 1986) 
Nakayama e/ al. (1981) showed that dissolve chromium in the Pacific Ocean and Sea of Japan 
existed as 10-20% inorganic-Crl

', 25-40% inorganic-Cr, and 45-65% organic-Cr. Levels in 
particulate form were also found to outweigh dissolved concentrations by a factor of 6 and 
5 25 in each location respectively From this we infer that sedimentary chromium levels 
rapidly accumulate in waters receiving elevated concentrations of this metal. 

Chromium levels in uncontaminated sediments vary according to their mineralogical 
characteristics and range between 10-100 ~glg (Turekian and Wedepole 1961). Calcareous 
sediments of biogenic origin, like those found on Guam, are typically lower and normally 
contain 3-5 ~glg. In severely contaminated areas, sedimentary chromium concentrations have 
exceeded 2000 ~glg (Young and Means 1987). Chromium levels previously determined by us 
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in G~~m harbor sed.ime~ts ranged from 3 .~9-52 . 7 ~glg, and were indicative of fairly clean 
conditions overall with hght to moderate enrichment in places (Denton el al. 1997). 

1.4.1 Cr in Algae: 
Surp~singly, the Merizo ~ier area in the vicinity of the Cocos Island ferry terminal contained 
the highest levels of sedimentary chromium level given above. This moderate enrichment 
was also reflected in algae from this site with 14 ~g1g being recorded in Padilla sp. during the 
present study (Table 8). At the other harbor sites, levels ranged from 0.57-2.98 ~glg. 

Bur~on-Jones et al. (1975, 1982) reported chromium levels of 1.4- \0 ~glg in Padilla sp. from 
relatively clean coastal waters near Townsvi.lle, Australia, and a high of 31 .5 ~g1g in samples 
from .the polluted upper reaches of Townsville Harbor. These values pale in comparison to 
the high of 140 ~g1g recorded by Gryzhankova et al. (1973) for 19 species of algae from 
polluted Japanese coastal waters. 

1.4.2 Cr ill SpO/Jges: 
Chromium levels found in sponges from Guam harbors were not excessively high and ranged 
from 0.45~24 . 9~g1g (Tabl.e 9). No. enrichment was ~pparent in the Merizo Pier area. In fact, 
IOter-speclfic. differences 10 chromIUm levels outweighed any obvious inter-site differences. 
!'Io comparative data were found in the literature to effectively evaluate levels of this element 
10 local sponges. 

1.4.3 Cr in Corals: 
Coele.nterates are another .Iittle worked group in terms of their elemental composition. This is 
espeCIally true for chromIUm: One reference to a cold water, soft coral species (Alcyollillm 
dlfPlallllll) recorded a chromIUm level. of <0.4 ~g1g (Riley and Segar 1970). Similarly low 
values of <0.1 5-0.31 ~g1g were found 10 the soft coral, Sill/tiaria sp. during the present study 
(Table 10). 

Comparative data for chromium in hard corals is confined here to the work of Livingston and 
Thomp~on (1971). These authors measured several trace elements in 34 species of coral from 
the Caribbean. Deep-water. species contained chromium levels ranging from 0.8-3 .0 ~g1g, 
whereas shallow water species, taken from chromium-rich, mineral areas, contained up to 35 
~~g . . Le~els determined i~ hard c?ral~ .during t.he present .study were 0.3 ~glg, or less, clearly 
an IOdlcatlon of a low ambient availability of this element 10 the surrounding waters. 

1.4.4 Cr in Sea Cucumbers: 
Chromium in sea cucumbers co.lle~ted during the current investigation was largely confined to 
the hemal syste~ . Levels 10 thiS tissue ranged from 6.27-31.9 ~glg in Bohadschia argus. and 
0.88-8.58 ~glg 10 Holo/hl/ria alra (Table 11). Chromium concentrations in the muscle tissue 
o.f ~oth species were mostly. below a detection limit of -0.2 ~glg . Fukai (1965) recorded a 
slmdar value of 0.28 ~g1g 10 muscle tissue of the sea cucumber, Hololhl/ria jorksalli . In 
contr~st, Thompson and Paton (1978) noted a relatively high chromium concentration of 2.2 
~glg I~ the ~dy wall of ":f0lpadia illlermedia, collected from a sediment disposal site in 
GeorgIa StraIt. These data Imply that sea cucumbers are effective bioindicators of chromium 
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contamination, and that Guam harbor sediments are comparatively free of pollution by this 
element 

1.4.5 Cr ill MolIlI.fks: 
Chromium levels in the edible tissues of uncontaminated marine mollusks usually lie between 
05 and 3.0 l1g/g (Eisler 1981). Levels recorded here, for oyster, chamids, spondylids, and 
octopus were mostly within this range (Tables 12-14). 

104.6 Cr i/l Crustacea/ls: 
In general, chromium seldom exceeds 2 Ilg/g in the edible tissues of crustaceans and is usually 
less than I l1g/g (Burdon-Jones el al. 1975, Denton unpublished data, see Table 5). Results 
from the current study are in agreement with this (Table 14). 

104. 7 Cr i/l Ascidia/ls: 
Reported chromium levels in whole ascidian range from 5.5 l1g/g in Ciolla illieslillalis 
(Papadopoulu and Kanias 1977) to 144 l1g/g in Elldislollla rilleri (Levine 1961). Levels 
reported here for ascidians from Guam harbors were at the lower end of this scale and ranged 
from 1.03-508 l1g/g in Ascidia sp., and from I 82-9.65 l1g/g in Rhopalaea sp. The utility of 
tunicates as indicators of heavy metal pollution is suggested by the work of Papadopoulu and 
Kanias (1 977) but has yet to be substantiated. 

104.8 Cr i/l Fish: 
Chromium does not normally accumulate in fish tissues and levels in flesh are almost always 
less than I l1g/g (Table 5). The work of Horowitz and Presley (1977) is a notable exception to 
this general rule. These authors determined chromium in the muscle tissue of 8 species of 
fish , from the outer continental shelf region of southern Texas, and reported levels of 2.0-7 .7 
Ilg/g. In our study, levels measured in fish muscle were predominantly below the limits of 
analytical detection and ranged from <0.1-0.6 l1g/g (Table 15) Similarly low ranges have 
been reported for fish from Australian coastal waters (Burdon-Jones el aJ. 1975, Plaskett and 
Potter 1979). 

1.4.9 CO/leluding Remarks: 
Clearly, chromium is not an element of environmental concern 10 the areas investigated 
during this study 

1.5 Copper (Cu): 
Copper is highly toxic to plants and invertebrates (Brown and Ahsanulla 1971 , Denton and 
Burdon Jones 1982), and ranks among the more toxic heavy metals to fish (Denton and 
Burdon-Jones 1986d, Moore 199\). Dissolved copper levels in open ocean surface waters are 
low, being generally in the order of 0.2 11g/1, or less. In uncontaminated nearshore surface 
waters, levels are significantly higher, often approaching I I1g!1, while in highly polluted 
waters they may exceed 10 11g/1 (Burdon-Jones and Denton 1984a). Copper levels in clean, 
non-geochemically enriched sediments are around 10 l1g/g, or less. In contrast, severely 
polluted environments can yield sedimentary copper values in excess of 2000 l1g/g (Legoburu 
and Canton 1991 , Bryan and Langston 1992). 
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Copper levels previously determined by us in Guam harbor sediments ranged from 0.49-181 
!1g/g (Denton et al. 1997). The highest levels were encountered in samples from Hotel Wharf 
m Apra Harbor (85-181 .I1g/g), the western end of Commercial Port in Apra Harbor (72.7-127 
11g/~), Dry Dock Island m Apr~ Harbor (35.7-75.4 l1g/g), the inner harbor area of Agana Boat 
Basm (48 . 0-9~.1 l1?ig), and adjacent to the Cocos Island ferry terminal at Merizo Pier (83 .1-
.168 l1?ig): BIologIcal samples were collected from these and other sites during the present 
mvestlgatlon and the data are discussed below 

/.5.1 CII i/l Algae: 
According to Moore (1991), total copper levels in marine plants are typically less than 10 
l1g/g, except near polluting sources. This certainly appears to be true for algae. For example, 
Denton and Burdon-~ones (1986a) ~nalyzed 47 species of algae from 20 sites, along the entire 
length of the AustralIan Great Barner Reef, and reported values ranging from 0.74-7.2 l1g/g. 
Most of the data fell between 1 and 4 l1g/g In an earlier investigation, these researchers 
analyzed Padilla telll/is and P. telrostrolllalica from Townsville coastal waters. Sampling was 
conducted at monthly i.ntervals for one year. Copper levels were found to range from 2.0-9.7 
l1g/g and 1.4-5.1 l1g/g m P. temlls and P. leirostrolllatica respectively. Only in the relatively 
polluted, upper reaches of Townsville Harbor did levels exceed 10 l1g/g, and reached a high of 
58.9 l1g/g m P. lelroslromatica found growing there. Copper levels in the water from this 
particular site averaged 4.6 11g/1, at least an order of magnitude higher than average 
concentrations measured outside the harbor area (Burdon-Jones el al. 1982). 

In the present st~dy, copp~r levels in Padilla sp. substantially surpassed 10 l1g/g at the western 
end of CommercIal Port (sIte d) and Dry Dock Island (site e) in Apra Harbor and at the Cocos 
~sl~nd ferry terminal at Merizo Pier (Table 8). Clearly, areas of copp;r enrichment are 
mdlcated at each of these sites. Elsewhere in the study areas, copper levels in Padilla sp. were 
low and ranged from 0.57-2.9811g/g 

AJgae have a relatively high accumulation capacity for copper and levels in excess of 100 
l1g/g are not unusual in species from highly polluted waters. For example, Bryan and 
Hummerstone (1973a) reported a maximum copper concentration of30 I l1g/g in the thallus of 
the brown alga, FllclIs vesicl/loslIs, from a contaminated estuary in southwest England. 

1.5.1 Cu in Sp(Jllges: 

Most of t~e sponges analyzed during the current work contained reasonably high copper 
concentratlo?s (Table 9). ~ether ~his is a refl.ection of. elevated ambient copper availability, 
or the group. s natural affiOlty for this element, IS not entIrely clear. The copper concentration 
profi~es. depIcted by Dysidea sp. certainly seem to parallel those of Padilla sp. insofar as 
IdentlfylOg the west~rn end of Commercial Port as copper-enriched compared with Echo 
Wharf and Agat Marma. The elevated level of copper determined in an unidentified brown 
spon~e from Hotel Wharf "!ay well be reflective of the high sedimentary copper levels known 
to ~xISt the~e. However, m the absence of adequate baseline data for local sponges, such 
claIms .are dlt'?cult to substantiate. An earlier study by Lowman el al. (1966) revealed copper 
levc:ls 10 specIes of sponges from Puerto Rico of 8.5-31.0 l1g/g Most of the data gathered 
dunng the present study fall within, or just beyond, this range. 
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1.5.3 Cu in Corals: . 
Concentrations of copper in soft corals vary between species and between locations. ~or 
example, levels ranging from 6.2-9,7 lLg/g were reported for the cold water spec~es, 
Alyconillm digitata (Culkin and Riley 19~8, Ri~ey and Seg~ 19~0) . In co?trast, \0 tropI~al 
species from the Great Barrier Reef, mcludmg four umdenttfied species of SlIlIIlana, 
contained 1.9-4.5 lLg/g (Denton and Burdon-Jones 1986b). Levels reported here for Sillll,taria 
sp. are significantly lower again and range from 0.44-0.98 lLg/g (Tabl~ 10), There IS no 
evidence to suggest that soft corals have any bioindicator capability for thiS element. 

Copper levels determined in hard corals during the c~rren! study, we.re as low and someti~es 
lower than those found in Silllllaria sp, Inter-specific differences m copper concentrat1?ns 
were clearly apparent, with Acropora jonnosa and Pocilopora damicor~lis demonstratmg 
significantly lower affinities for this element than the other three species of hard coral 
analyzed, In all cases, however, levels were considerably below the range of 2.0-10 lLg/g 
reported for shallow-water corals from the Caribbean (Livingston and Thompson 1971), 

The use of hard corals to monitor environmental changes in trace metals has been implied by 
several workers (e.g., St. John 1973, Barnard et al. 1974, ~udde~eier 1978), However, 
difficulties encountered in analyzing coral skeletons coupled With their low affimty for several 
elements of environmental concern, make them rather unattractive candidates for such 
purposes. Moreover, there is some evid~nce to sugg~st that members of this group can. control 
both skeletal and soft tissue concentrattons of certam essenttal metals hke copper, zmc ~nd 
iron (Brown and Holley 1982), If this is the case, then they are of httle value as sentmel 
organisms for these particular elements 

1.5.4 CII in Sea Cucumbers: 
Whether the copper content of sea cucumbers is influenced by changes in this element's 
ambient availability is a matter of some debate. Burdon-Jones and Denton (1984a) fou?d 
copper levels of 1.5-2 1 lLg/g in the body wall of StichoplIs variagatlls from the Great Barner 
Reef After comparing their findings with the earlier copper data ~f ~hompson a~d Pat~n 
(1978) for Molpadia illtermedia (26 lLg/g) from a sediment disposal ~Ite m the Georgia St~llIt, 
they concluded that sea cucumbers have bioindicator potential for thiS element The findmgs 
of the present study do not support their claim, however (Table II), 

1.5.5 CII in Mol/usks: . 
Bivalve mollusks are widely used to monitor copper in the marine environ,?ent Oy~t~rs, m 
particular, have an extraordinary capacity to accumulate copper and are highly senslttve to 
changes in this element's ambient availability. For this reason, they a~e one of the most 
popular bivalves used for heavy metal monit?ring purposes. ~ne of the highest copper levels 
recorded in oysters to date is 6,480 lLg/g. This was measured m Crassostrea gigas, exposed t? 
copper-enriched effiuent water, from a power station in Wales, UK (Boyden and Romenl 
1974). 

Oysters from clean, non-geochemically enriched coastal areas contain cop~er levels of less 
than 100 lLg/g when analyzed whole (Mackay et al. 197580 Watling and W~thng 1?76a and b, 
Burdon-Jones and Denton 1984a). In mineralized areas, levels are typically higher. For 
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example, Australian oysters from clean, coastal waters near Townsville contained 200-500 
lLg/g (Burdon-Jones et al. 1977). Copper levels of up to 500 lLg/g were found in Tasmanian 
oysters from areas of minimal metal pollution compared with up to 2,500 lLg/g in specimens 
from contaminated areas (Thrower and Eustace 1974). 

Oysters from harbor areas are typically high in copper, reflecting the increased environmental 
abundance of this element from sources such as algaecides and anti-fouling paints. Burdon­
Jones et al. (1977) conducted monthly surveys of heavy metals in Saccostrea amasa and S. 
clIclIlIata, from Townsville Harbor, over a one-year period. Mean monthly levels determine 
for each species ranged from 417-1,775 lLg/g, and 661-1,911 lLg/g for S. amasa and S. 
cllcllllata respectively. Phillips (1979) determined similarly high values in S. glomerata from 
Hong Kong waters (Table 5). 

In the current study, the highest copper value recorded in an oyster was 3,047 lLg/g. This was 
measured in a single specimen from the iooer harbor area of Agana Boat Basin (Table 12). 
The geometric mean copper level for 13 oysters analyzed from this location was 1,968 lLg/g 
and is comparable with the Australian study mentioned. It is also a clear indication of copper 
enrichment in this area. Oysters from Apra Harbor were also high in copper, with maximum 
values between 1,900 and 3,000 1Lg/g, at all sites examined. Maximum levels determined in 
the rather limited number of oysters available from Agat Marina and Merizo Pier area did not 
exceed 1,000 lLg/g, possibly as a result of lower levels of available copper in these areas. 

Not much is known about the bioindicator potential of the other bivalves examined during the 
present study, namely the chamids and spondylids. Some preliminary work carried out in 
Australia has shown that copper levels in Chama iostoma are linked to the reproductive cycle 
and are significantly higher in specimens with well-developed gonads (Burdon-Jones and 
Denton 1984b). Nevertheless, mean copper concentrations in this species, from unpolluted 
waters, rarely exceed 20 lLg/g and usually drop below 10 lLg/g after spawning. In the present 
study, mean levels determined in C. iazllrlls and C. brassica were mostly below 10 lLg/g 
(Table 13). This strongly suggests that chamids can maintain levels of copper in their tissues 
to within certain limits irrespective of changes in this element's ambient availability, 
Spolldylus, on the other hand, does not appear to possess the same regulatory capability. On 
the contrary, copper levels in local representatives of this group were generally much higher 
than those found in related species from clean waters of the Great Barrier Reef (Table 5), 

Copper is naturally high in cephalopod mollusks and is largely related to the storage of copper 
in the liver and the presence of the copper-based respiratory pigment, haemocyanin, in the 
blood (Bryan 1976), It should be noted here, that while some bivalves also possess 
haemocyanin, oysters do not 

1.5.6 Cu in Crustaceans: 
Copper levels in decapod crustaceans are also naturally high, particularly in the 
hepatopancreas and occasionally the gonad. Such high levels are associated with their 
metabolic requirements and the presence of haemocyanin in their blood in much the same way 
as for cephalopods. Since both groups are capable of metabolically regulating levels of 
copper in their tissue, they are of little value as bioindicators of copper pollution. In point of 
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interest, the copper concentration of 3,195 I!g/g found in the gonad of the stomatopod 
crustacean from Apra Harbor, ranks among the highest values ever recorded for this tissue 
(TableI4). 

1.5.7 Cu in Ascidians: 
Copper levels in ascidians analyzed during the present study ranged from 3.10-5.58 I!g/g in 
Ascidia sp. to 6.46-9.87 I!g/g in Rhopalaea sp., with no obvious differences between sites 
(Table 14). Comparable studies with other tunicates are rare. We note that Eustace (1974) 
reported a whole body copper value of 8.3 I!g/g wet weight in Ascidacea sp. from the polluted 
Derwent estuary, in Tasmania. This translates to well over 100 I!glg, assuming 95 % water 
content, and is considerably higher than levels found in the two local species examined here. 
Bryan (1971) gives an overall average for the group of30 I!g/g but fails to disclose his sources 
of reference. In any event, the bioindicator potential of ascidians for copper does not look 
promising on the strength of the data gathered so far. 

1.5.8 Cu in Fish: 
Copper levels in fish flesh typically range between 0.5-2.0 I!g/g in marine species (Denton 
and Burdon-Jones 1986c) although some extraordinarily high values have occasionally been 
reported in the literature (Table 5). This rather narrow range is thought to reflect the group's 
ability to metabolically regulate copper and other essential trace elements (Phillips 1980). 
Denton and Burdon-Jones (1986c) reviewed some of the more reliable trace element data­
bases for fish from all over the world and concluded that mean copper levels in the axial 
muscle of fish from polluted waters frequently exceed 1. 0 I!g/g, whereas fish from 
uncontaminated waters almost always yield values ofless than 1. 0 I!g/g. Their own work with 
fish from the Great Barrier Reef leant considerable weight to this assumption. It is significant 
to note, then, that 29 of the 38 fish taken from Apra Harbor (76%) contained copper levels in 
their muscle tissue greater than 1 I!g/g. Levels ranged from 0.51-7.76 I!g/g with an overall 
geometric mean of 1.64 I!g/g. It is also noteworthy that copper concentrations in fish muscle 
from all other harbor sites were less than 1.0 I!g/g. 

In fish where both muscle and liver tissues were analyzed, hepatic copper levels were always 
higher and there was no obvious correlation between the two data sets. In fact, considerable 
inter- and intra-specific variation was apparent and there was no clear evidence for trophic 
level dependence. Several liver samples contained levels between 10-100 I!g/g with one 
sample approaching 2000 I!g/g. Similar observations were made by Denton and Burdon­
Jones (1986c) with fish from the Great Barrier Reef (Table 5). 

1. 5. 9 Concluding Remarks: 
The data clearly identifies increased levels of biologically available copper in the inner section 
of Agana Boat Basin and in Apra Harbor, particularly in the Commercial Port area. A highly 
localized source of elevated copper availability is also evident at the Cocos Island ferry 
terminal, in Merizo. However, copper enrichment of the biota in these areas does not exceed 
that normally encountered in harbor environments in other parts of the world. 
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1.6 Mercury <Hg): 

Mercury is. highly t~xic to aquatic organisms, particularly in the organic form (Moore 1991). 
Concen~atJons of dIssolved mercury in the open ocean typically range from <0.010-0.003 
I!g/I (Miyake and Suzuki 1983). Slightly higher values ofO.003-0.02I!g!I are found closer to 
shore, and. polluted estuari~e waters may contain up to 0.06 I!g!I (Baker 1977). Sediment 
concentraltons of mercury tn unpolluted, non-geochemically enriched areas, usually do not 
exceed 30 ng/g (Bryan a~d Lan~ston 1992, Benoit et al. 1994), and may be as low as 4 nglg 
~~uer 1 ?~6>. Estuanne sedIments, adjacent to heavy industrialized areas or mercury 
mlm~g acltvlltes, can be thr~ to five orders of magnitude higher than this (Langston 1986, 
BenOIt ~t al. 1~4~. Values tn ex~ess of 2000 I!g/¥ were found in sediments from the grossly 
contanunated Mirumata Bay area tn Japan, followtng the mass mercury-poisoning episode of 
the late 1950's, and probably rank among the highest values ever reported for this element 
(Tokuomi 1969). 

lv!ercury levels in Guam harbor sediments ranged from a low of 2. 72 ng/g at Agat Marina, to a 
hIgh of 741 ng/g at Hotel Wharf in Apra Harbor. Moderate enrichment was also noted at the 
Shell Fox-l Fuel Pier (202-256 ng/g), the western end of Commercial Port (107-264 ng/g), 
~d a~ D1!' Dock Island (160-428 ng/g). All four sites were revisited during the present 
IOvestlgatlOn. 

The rea~er is reminded here, that all mercury data presented in Tables 8-15 are expressed on a 
wet weIght rather than. a dry weight basis. Where appropriate, these values have been 
rec~.culated on a dry we~ght b~sis during the following discussion (unless stated otherwise) to 
faclhtate ease of comparIson WIth levels recorded in some of the literature cited. 

1.6.1 HginAlgae: 
Marine algae have a relatively high affinity for mercury. For example, a high of 20 I!glg was 
reported for the brown alga, Ascophyllum nodosum, from Hardangerfjord, in Norway (Haug et 
al. 1974). Apparently, wastewater discharged from a nearby metal smelter was the primary 
source of mercury pollution in this particular case (Myklestad et al. 1978). In an earlier study 
Jones et al. (1972) measurc:<l mercury in 10 species of algae from the polluted Tay estuary i~ 
the UK and ~ep~rted a maxtmum of25.5~ I!g/g (6.26 I!g/g wet weight) in the green alga, Ulva 
lactuca. This sltll stands as one of the highest values ever recorded for marine algae. Among 
the I.owest values ever found, are those given by Denton and Burdon-Jones (1986a) for 48 
SpecIes of algae from the Great Barrier Reef In this instance, mercury concentrations ranged 
from <0.011-0.320 I!g/g «0.001~0. 024 I!g/~ wet weight). These values are comparable with 
the values of 0.002-0.52 I!g/g gIVen by Kim (1972) for 17 species of algae from Korean 
,,:ate~s. They are also within. the range of values (not detectable to 1.03 I!g/g) reported by 
SIValtngam (1980) for 26 tropIcal species from Malaysia. 

Very low mercury concentrations were detected in Pad ina sp. during the current work. 
Levels ranged from <0.?02-0.02.6 I!g/g ~et weight (Table 8), or <0.011-0.137 I!g/g, when 
expr~s.sed on a ~ ,,:,elght ~asIS. While these values are hardly indicative of polluted 
condItIons, they do IOdlcate a hght enrichment of mercury in the Apra Harbor area. 
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1.6.2 Hg in Sponges: 
Data for mercury levels in sponges are limited. Leatherland and Burton (1974) recorded 0.33 
lIg/g in the bread sponge, Halichondria panicea. from UK waters. This value is appreciably 
higher than those recorded for Guam sponges analyzed during the present study (Table 9). 

1.6.3 Hgin Corals: 
Concentrations of mercury in coelenterates are usually low, except for species collected from 
heavily contaminated areas. For example, Matida and Kumada (1969) reported a maximum 
value of 41 lIg/g for a sea anemone from Minimata Bay. By way of contrast, Leatherland and 
Burton (1974) reported a very much lower value of 0.86 J.1g/g for the sea anemone, Telia 
jelina, from the Solent estuary (UK). These data suggest that coelenterates may have 
bioindicator potential for mercury. However, no such quality was indicated from the present 
work with hard and soft corals. In fact, levels of mercury were extremely low in 
representatives of both groups (Table 10) and there was no correlation with levels determined 
earlier in sediments. 

1.6." He in Sea Cucumbers: 
Eisler (1981) reviewed the limited mercury data for echinoderms and concluded that values 
below 1.0 J.1g/g occur in specimens from non-polluted areas. This was confirmed by the work 
of Burdon-Jones and Denton (1984a) who found <0.019-0.056 J.1g/g in muscle of the sea 
cucumber, Stichopus variagatus. from the Great Barrier Reef. An almost identical range of 
0.019-0.057 J.1g/g was determined in the body wall muscle of the sea cucumber Bohadschia 
argus during the present investigation (Table 11). A slightly higher range of 0.059-0.219 J.1g/g 
was noted for the same tissue of Holothuria atra. In neither case, however, did levels in 
muscle tissue mirror those determined earlier in sediment samples. In contrast, mercury 
concentrations in the hemal tissue generally did, and were highest in both species from the 
Apra Harbor area (Table 11). The utility of this tissue, as an indicator of mercury 
contamination, warrants further investigation. 

1.6.5 He in Mollusks: 
From the literature, it is clear that marine mollusks are excellent accumulators of mercury and 
there are numerous reports of various species being used as environmental indicators for this 
metal. Eisler (1981), in his comprehensive review of published information, conclude that 
levels above 1.0 J.1g/g wet weight in representatives of this group were always associated with 
mercury pollution. It is not surprising, therefore, that some of the highest concentrations ever 
recorded (10-100 J.1g/g) were found in mollusks from the mercury contaminated Minimata 
Bay area of Japan (Irukayama et al. 1961, 1967, Matida and Kumada 1969). 

Reported mercury levels in tropical oysters, from clean reef waters in northern Australia, 
ranged from 0.015-0.019 J.1g1g wet weight (Burdon-Jones and Denton 1984a). These values 
are similar to those found in oysters from Agat Marina and Merizo Pier during the present 
study (Table 12). Harbor environments typically contain a greater abundance of heavy 
metals, including mercury, and a degree of elemental enrichment of the biota in such areas is 
to be expected. For example, a mean mercury concentration of 0.060 J.1g/g wet weight was 
reported for oysters from Townsville Harbor in north Queensland, Australia, (Denton and 
Breck 1981). Levels found here in oysters from Apra Harbor were of a similar order and 

- 50-

ranged from 0.022-0.078 J.1g/g wet weight. Specimens from Agana Boat Basin contained 
marginally higher concentrations of 0.080-0.149 J.1g/g wet weight. However these values are 
w~lI. below the ",Iaximum of 10 J.1g/g (-2.0 J.1g/g wet weight) recorded' in oysters from 
MlDlmata Bay dunng the late 1960's (Matida and Kumada 1969). 

Burdon Jones and Denton (1984a) looked at mercury in the chamid Chama iostoma from 
pristine, offshore areas of the Great Barrier Reef, and reported levels ~hat ranged from 0.006-
0.032 J.1g/g wet weight. Nearer sh?re, the range widened from 0.018-0.326 J.1g/g wet weight. 
The authors concluded that chamlds have potential as bioindicators of mercury pollution. 
Data from the current work tends to support their conclusion and infers enrichment in the 
Apra Harbor area when compared with previously reported data from elsewhere (Table 5). 

Burd~n-Jones ~d Klumpp ~1979) conducted a similar study with the spondylid, Spondylus 
ducabs, but fa!led ~o estabhsh a clear link between tissue levels of mercury and distance 
offshore.. LikeWise, Burdon-Jones and Denton (1984a) found identical mercury 
concentrations of 0.017 lIg/g wet weight in S. varians collected from two locations, 10 km and 
200 km offshore. In the present study, the mercury profiles depicted by S. multimuricatus 
were contrary to what was expected, based on our earlier sediment analysis. Moreover levels 
were s~rprisingly low compared with levels found in related species from relativel; clean 
Austr~lan wat~rs (Tab.le. 5).. On the strength of these findings, we conclude that spondylids, 
hold httle promise as blolDdlcators of mercury pollution. 

Cephal~pod mollusks appear to have relatively high affinities for mercury. For example, 
Renzoru etal. (1973) reporte.d levels ofO.75-2.?2 J.1g/g wet weight in the tentacles of Octopus 
~/garls from a polluted section of the Tyrrheman coast. Levels in the liver were appreciably 
higher and t?pped 200 J.1.glg wet weight in one individual. These values are far greater than 
those found ID the same tissues of octopus from Apra Harbor quring this study (Table 14). 

1.6.6 Hgin Crustaceans: 
Crustaceans tend to mirror environmental levels of mercury under certain conditions. The 
edible portions of two species from Minimata Bay, for example, yielded levels of 41 and 100 
J.1!¥g (-8 and 20 !lg/g wet weight respectively) at the time the mercury pollution problem was 
~Iscovered (Matlda and Kumada 1969). Normally, however, mercury levels in crustacean 
tissues remain well below. those considered hazardous for human consumption (Eisler 1981) 
and are of the same magrutude as those presented here for mantis shrimp from Apra Harbor 
(Table 14). 

1. 6. 7 Hg in Ascidians: 
Little published .in,formation e~ists for mercury in tunicates. Yannai and Sachs (1978) 
analyzed the ascldlan, ClOna mtestinalis. from the eastern Mediterranean area and found 
mercury levels of 0.03-0.12 J.1g1g wet weight, in whole organisms. Levels reported here for 
Apra Harbo~ ascidians were generally lower and ranged from 0.007-0.041 J.1g/g wet weight. 
Whether turucates can adequately reflect changes in mercury's ambient availability remains to 
~e unequiv?cally esta~li~hed although Matida and Kumada (1969) reported a high of 3 5 J.1g/g 
ID one species from Mimmata Bay. 
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1.6.8 Hgin Fish: 
Mercury levels in fish are generally higher than found in most invertebrate species and tend to 
be age and trophic level dependant. Thus, highest natural levels are usually found in the 
larger, long· lived, predatory species like sharks, tuna, marlin and swordfish (Bligh and 
Armstrong 1971, Windom et al. 1972. Rivers et al. 1972, Nishigaki et al. 1973, Beckett and 
Freeman 1974, Mackay e/ al. 1975, Shultz and Crear 1976, Denton and Breck 1981). In some 
cases, levels of mercury in fish from remote areas have been known to exceed maximum 
values recommended for human consumption (Denton and Burdon Jones 1986c). 

In non·polluted situations, mercury levels in fish are generally less than 0.2 Ilg/g wet weight 
(Holden 1973, Denton and Burdon·Jones 1986c). However, it is now generally agreed that 
fish possess little ability to regulate tissue levels of mercury in the same way as they can other 
essential elements like copper and zinc. Therefore, they serve as useful indicators of 
environmental contamination by this metal. Fish flesh analyzed from Minimata Bay, for 
example, contained up to 309.1 Ilg/g wet weight, way beyond levels considered safe for 
human consumption. It should be noted here that mercury has caused more problems to 
consumers of fish than any other inorganic compound, 

In the present study, 11 out of 38 fish from Apra Harbor (29"10) contained mercury in their 
axial muscle at concentrations above 0.2 Ilg/g wet weight (Table 15). The highest level 
(1 .157 Ilg/g wet weight) occurred in one specimen of Iizardfish, Sallrida I/eblliosa. from the 
Hotel Wharf area. Other species analyzed from this site also contained relatively high 
concentrations of mercury in their muscle tissue, including the conger eel, Gyml/othorax 
javal/iclls. (0.58 Ilg/g wet weight) and the snapper, Caranx malampyglls (0.66 Ilg/g wet 
weight). [t is noteworthy that all three fish are predatory species and the latter two were 
among the largest specimens captured during the study. 

Only one fish from Agat Marina contained an axial muscle mercury concentration above 0.2 
Ilg/g wet weight, but this was only a marginal exceedence (0.214 Ilg/g wet weight in the 
snapper, Lethrinus rubrioperculatus) , Mercury levels in fish taken from Agana Boat Basin 
and Merizo Pier were consistently below 0.2 Ilg/g wet weight. This was due, in part, to the 
fact that specimens from both locations were relatively small·sized individuals. 

Mercury was detected in all fish livers examined and was usually higher than levels found in 
flesh. A significant correlation (p<0.05) was found between the two tissues in the pooled 
data·sets for all specimens analyzed. A similar relationship has been noted for other tropical 
species (Denton and Breck 1981, Denton and Burdon·Jones I 986c). 

1. 6. 9 Concluding Remarks: 
T.he fi.ndings presented here confirm earlier suspicions ofincreased mercury availability to the 
biota In the outer Apra Harbor area. While not excessive, levels recorded indicate a need to 
expand the fish survey and focus more on larger representatives of some of the more popular 
~able fish taken from this area. Emphasis should also be given to residential species within the 
Inner Apra Harbor region where very high sediment levels of mercury have previously been 
reported (Belt Collins 1993), 
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1.7 Nickel (Nil: 
Nickel is only moderately toxic to most species of aquatic plants and is one of the least toxic 
inorganic agents to invertebrates and fish (Denton and Burdon·Jones 1982, 1986d, Moore 
1991). Open ocean concentrations of dissolved nickel normally lie between 0.1 and 0.3 Ilg/l 
(Boyle et al. 1981, Bruland 1979, Denton and Burdon·Jones 1986e). In polluted nearshore 
and estuarine waters, levels of between 5 and 30 Ilg/l have been reported (Halcrow et aL 1973, 
Abdulla and Royle 1974, Boyden 1975). Total nickel residues in clean coastal sediments 
~ically range between ~ 0 and 20 Ilg/g (Bryan and Langston 1992) but may fall below 1 Ilg/g 
In unpolluted coastal regions, away from nickel bearing geological formations (Moore 1991). 
In contaminated regions, concentrations may exceed 200 Ilg/g (Fowler 1993). Sedimentary 
nic~ellevels recently determined in Guam harbors ranged from <0.2·71.0 Ilg/g with areas of 
enrichment confined to Agat Marina and Merizo Pier. Baseline levels throughout the area 
were estimated at 1·3 Ilg/g. 

1.7.1 NUn Algae: 
In general, algae from clean water areas contain relatively low concentrations of nickel 
although there. are some notable exceptions, particularly among the Rhodophyta (Denton and 
Burdon·Jones 1986a). For example, the red algae, Amallsia glomerata and Ceratodyctioll 
spollgiosm. from remote sites along the Australian Great Barrier Reef, yielded highs of 17.0 
and 36.9 Ilg/g respectively (Denton and Burdon·Jones 1986a). In contrast, levels found in the 
brown algae, Padilla spp., from this area ranged from 1.0·1.5 Ilg/g. Much higher levels have 
been reported for this genus from relatively contaminated waters, For instance, Stevenson and 
Ufret (1966) reported levels of23.32Ilg/g in P. gymllospora from Puerto Rico, while Agadi et 
al. (1978) found 8.0-18.3 Ilg/g in P. tetrostromatica from Goa, in southern India. The same 
species from the upper reaches of Townsville Harbor contained a high of 13.1 Ilg/g (Burdon­
Jone~ et al.1975). [n the present study, we determined nickel concentrations in Padilla sp. 
ranging from -1-3 Ilg/g (Table 8), indicative of low ambient levels of dissolved nickel in 
Guam harbor waters. 

1.7.1 Ni in Sponges: 
No previous reports of nickel levels in sponges were found in the literature. The data 
presented ~ere, ~or Guam species, indicates that certain members of the group are capable of 
accumulating thiS element to respectable levels. However, there is no firm evidence to 
suggest that any of the species examined are useful bioindicators of nickel enrichment. 

1.7.3 Ni in Corals: 
From the limited available data it would appear that coelenterates normally do not concentrate 
nickel in their tissues. However, among the soft corals, there appears to be one or two 
exceptions. For example, Lithophytol/ sp. taken from Heron Island, on the Great Barrier Reef, 
conta.ined 70yg/~ compared with levels of<0.5 Ilg/g in Sarcophytoll and Sil/ularia spp. found 
growing beSide It (Denton and Burdon-Jones 1986b). Likewise, the temperate soft coral, 
Alcyollillm digitatum. from the Irish Sea, was found to contain 17.0 Ilg/g (Riley and Segar 
1970). Soft corals analyzed during the course of the present work contained nickel levels of 
0.2·0.8 Ilg/g (Table 10), in line with levels recorded earlier for these genera from Australian 
coastal waters (Burdon-Jones and Klumpp 1979, Burdon·Jones and Denton 1984b). 
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Hard corals may have indicator capabilities for nickel although this has yet . to be 
substantiated. Nevertheless, species from geochemically enriched areas of the Canbbean 
were found to contain 2.0-23.0 l1g/g (Livingston and Thompson 1971), whereas mean nickel 
levels in related species taken from the Great Barrier Reef ranged from 0.09-0.56 l1g/g 
(Denton and Burdon-Jones 1986b). In the present study we noted 2.12 ~g/g. in Acrop~ra 
formosa from Apra Harbor, slightly higher than found for the same specIes 10 AustralIan 
waters. Interestingly enough, nickel concentrations in Pocilopora damicomis from Apra 
Harbor were marginally higher than at the other harbor sites (Table 10). 

1.7.4 Ni in Sea Cucumbers: 
Few studies have considered nickel levels in echinoderms. Riley and Segar (1970) measured 
1.5 l1g/g in the whole starfish, Asterias rubells, while Stevenson and Ufret (1966) reported 
49.0-52.0 l1g/g in the skeleton of the sea urchin, Echillometra lucunter. Levels 10 sea 
cucumbers seem equally variable. For example, Noddack and Noddack (1939) reported a 
high value of 38 l1g/g in the sea cucumber, Stichopus tremulus, while levels in the related 
species, Stichopus variegatlls, from the Great Barrier Reef, were consistently below a 
detection limit of 0.8 l1g/g (Burdon-Jones and Denton 1984a). In the present study, we noted 
distinct difference in nickel levels between the two species of sea cucumbers examined (Table 
II). The higher levels were consistently encountered in Bohadschia argus and ranged from 
0.28-1.38 l1g/g and 0.39-0.96 l1g/g in muscle and hemal system respectively. A similar value 
of I. 7 l1g/g was reported for body wall muscle of the sea cucumber, Molpadia illtermedia, 
from a dredge soil disposal site in the Georgia Strait (Thompson and Patton 1978). 

1.7.5 Ni in Mollusks: 
It is apparent from the literature, that there is a high degree of inter-specific variation in the 
ability of bivalves and other mollusks to accumulate nickel. For example, the soft parts of the 
slipper limpet, Crepidllia fomicata, produced a value of 850 l1g/g for Segar et a.1. (1971). 
However, the highest level reported to date is 5000 l1g/g in the kidney of the ~Iant clam, 
Tridaclla maxima, from Flinder Reefs, 200 krn off the north Queensland coast 10 northern 
Australia (Burdon-Jones and Denton 1984a). 

Oysters are poor accumulators of nickel and have not been shown to be effective indicators of 
environmental quantities of this element. Levels reported by Burdon-Jones and coworkers for 
Australian species from Townsville Harbor and adjacent coastal waters, and Heron IsI~nd on 
the Great Barrier Reef, ranged from <0.2-2.8 l1g/g (Table 5) and were not reflective of 
environmental differences in nickel availability. Nickel levels determined in oysters during 
the present study, were very similar and ranged from <0.4- 3.6 l1g/g (Table 12). 

The chamids and spondylids are far more affective accumulators of nickel than oysters, 
although their bioindicator capacity for this element remains in question. In spondylids, the 
kidney is the major site of nickel accumulation and levels in excess of 200 l1g/g are 
commonplace (Burdon-Jones and Klumpp 1979). The tissue distribution of nickel and other 
trace elements in chamids awaits investigation. Nickel concentrations determined in both 
groups during the present study were generally lower than found in related species from 
Australian waters (Table 5). 
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Primary deposition sites for nickel in cephalopod mollusks seems to vary between subgroups. 
In octopus, the liver is the chief storage organ as shown here (Table 14). The same is t~e for 
cuttlefish (Table 5), whereas, in squid, levels are distributed fairly equally between tissues 
(Horowitz and Presley 1977). 

1.7.6 NUn Crustaceans: 
Nickel levels in the edible tissues of crustaceans are typically low and rarely exceed 2.0 l1g/g, 
according to data presented by Burdon-Jones et al. (1977) and Hall et al. (1978). Levels 
encountered in mantis shrimp during the present investigation are in agreement with these 
earlier findings. Interestingly, the exoskeleton has been found to have high nickel adsorbing 
properties in certain species (Yoshinari and Subramanian 1976, Fowler 1977). 

1. 7. 7 Ni in Ascidians: 
According to Bryan (1976), average nickel levels in ascidians are around 8 l1g/g although he 
fails to pinpoint his data sources. We came across only one reference of any value and that 
was by Ikebe and Tanaka (1979). These authors reported a nickel concentration of 0.13 l1g/g 
in the tunicate, Halocynthia roretzi, from an unspecified location. This translates to around 
2.6 l1g/g on a dry weight basis, assuming a water content of 95%, and lies within the range 
determined here for ascidians from Apra Harbor (Table 14). 

1.7.8 NUn Fish: 
The flesh of most marine fish rarely contains nickel concentrations in excess of I l1g/g, 
although levels of up to 10.8 l1g/g have been reported in the literature (Roth and Hornung 
1977). Plaskett and Potter (1979) gave values for nickel in fish muscle from Cockburn. Soun~, 
Australia, which ranged from 0.11-3.88 l1g/g. Burdon-Jones et al. (1975) detected DIckel 10 

only one out of 18 fish from Townsville coastal waters. All the rest had levels belo",: an 
analytical detection limit of 0.2-0.9 l1g/g. Likewise, Denton and Burdon-Jones (1986c) faIled 
to detect nickel in the axial muscle of 190 fish, representing 50 different species, from several 
different trophic levels along the length of the Great Barrier Reef. Hepatic nickel 
concentrations determined by these workers were also found to be below the limits of 
analytical detection. It comes as little surprise, then, that nickel residues were undetectable in 
muscle and liver tissues of every fish analyzed during the present study. 

1. 7.9 Concluding Remarks: " 
In light of the data presented, nickel does not appear to be a metal of envIronmental concern 10 

any of the harbor environments investigated. 

1.8 Lead (Pb): 
Although inorganic lead is only moderately toxic to aquatic plants and animals, organolead 
compounds, particularly those used as antiknock agents in gasoline, are highly toxic to all 
forms of life (Denton and Burdon-Jones 1986d, Moore 1991). Inorganic lead is barely solub!e 
in seawater and levels in open ocean waters typically range from 0.005-0.015 I1g/l. Even 10 

highly polluted waters, levels are unlikely to rise above 0.05 l1g/l (Burnett et al. 1977). Thus, 
particulate lead accounts for >75% of total lead in most waters (Moore 1991). 
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Total lead levels in clean, non-geochemically enriched sediments are in the order of 25 Ilg/g 
or less, but may exceed 400 Ilg/g near wastewater outfalls (Schafer and Bascom 1976 UNEP 
1985, Louma and Phillips 1988, Bryan and Langston 1992,). In severely polluted Ia'cations 
near min~ng activities, or industrial processes that utilize lead, sedimentary lead 
concentrations may exceed 2000 Ilg/g (Jones 1986, Bryan and Langston 1992). The highest 
level reported to date is 266,000 Ilg/g in sediments adjacent to a battery factory in Suva 
Harbor, Fiji (Naidu and Morrison 1994). 

Lead levels previously reported for Guam harbor sediments ranged from a low of <0.6 Ilg/g in 
all samples from Agat Marina to a high of 324 Ilg/g in sediments from the inner Agana Boat 
Basin, adjacent to the refueling station (Denton et al. 1997). Levels exceeding 100 Ilg/g were 
also found at Apra Harbor adjacent to Hotel Wharf, the central portion of Commercial Port, 
and the northern end of Dry Dock Island. Biota were collected for analysis from within the 
vicinity of each of these sites during the current work. 

1. 8.1 Ph in Algae: 
AJgae have a high affinity for lead, and levels in excess of 100 Ilg/g have been reported in 
tropical speci~s from relatively contaminated waters (Burdon-Jones et al.1975, Agadi et al. 
1978). The highest level reported to date is 1200 Ilg/g in the green alga, Enteromorpha sp., 
from a severely polluted fjord on the West Coast of Norway (Stenner and Nickless 1974). 

Lead concentrations determined in Padina sp. from Guam harbors, during the current work, 
ranged from <0.25-8.07 Ilg/g and are relatively low by world standards (Table 5). The lowest 
levels we~e found at Agat Marina and the outer Agana Boat Basin area. The highest levels 
occ~rred m samples removed from the submerged concrete foundations of the refueling 
statton at the Cocos Island ferry terminal, at Merizo. 

1.B.2 Ph in Sponges: 
V~rtually nothing is known about the elemental composition of sponges despite the group's 
Widespread geographic ~istributio.n. At the time of writing, we were unable to locate a single 
refe~en~e that dealt With lead m any of the 4000+ marine species described to date. 
Revlewmg the ~ata pr.esented here .for Guam sponges, it is clear that several species 
demonstrate relattvely high concentratton factors for this element (Table 9). Moreover there 
is some consistency in the data, highlighting Apra Harbor as a lightly lead-enriched area. 

1.B.3 Ph in Corals: 
The coelenterates, in contrast to the porifera, have received some attention from 
environmental c~emists ~nterested in their mineral content, and lead levels ranging from <2.0-
42 Ilg/g appear m the hte.rature for corals from the Caribbean (Livingston and Thompson 
1971). A temperate species of soft coral, Alcyonium digitatum, taken from the Irish Sea 
reportedly c~ntained 24.0 Ilg/g lead (Riley and Segar 1970). These data contrast markedly 
With the findmgs of Denton and Burdon-Jones (1986b), who were unable to detect lead in 10 
soft coral and 3 hard coral species from the Australian Great Barrier Reef. In the present 
study, we were also unable to determine detectable quantities of lead in any of the hard and 
soft corals analyzed (Table 10). 
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1.8.4 Ph in Sea Cucumbers: 
From the literature, it would seem that echinoderms are unable to regulate lead levels in their 
tissues and therefore may serve as potentially useful indicators of environmental 
contamination by this metal. Stenner and Nickless (1974) reported lead levels of up to 460 
Ilg/g in various echinoderms from the West Coast of Norway. Matsumoto (1964) gave values 
of up to 14.4 Ilg/g wet weight in Holothuria sp. from lead-contaminated coastal waters of 
Japan, while Denton (unpublished data) found 3.8 Ilg/g in the same genera from a residential 
beach in Townsville, Australia. In contrast, StichoplIs variagatus, from pristine waters of the 
Great Barrier Reef, contained < 1. 0 Ilg/g of lead in their body wall muscle (Burdon-Jones and 
Denton 1984a). Similarly low concentrations were found in both species of sea cucumber 
taken from Guam harbors during the present study (Table II). 

1.8.5 Ph in Mollusks: 
Bivalves derive their metal loads primarily via the ingestion of food and suspended 
particulates, and are generally considered to be excellent indicators of heavy metal pollution 
(Phillips 1980). However, the utility of oysters as indicators of lead pollution is still a matter 
of some debate. The published data for lead in oyster tissues currently ranges from <0.1-84 
l1g/g, with the great majority of figures being less than 10 Ilg/g (Eisler 1981) in keeping with 
the results presented here (Table 12). It certainly seems like oysters have bioindicator 
potential for lead, although the work of Denton and Burdon-Jones (1981) suggests otherwise. 
These researchers examined the uptake and depuration kinetics of lead in the black-lip oyster, 
Saccostrea echinata. They found this bivalve's affinity for lead to be much lower than that 
shown for cadmium and mercury. Moreover, the biological half-life of lead in this species 
was relatively short, in the order of 30 days. It was concluded, therefore, that S. echinata was 
not a particularly sensitive indicator of lead. Moreover, its usefulness as a long-term 
integrator of this element was questionable in areas where ambient levels fluctuated widely. 
This latter failing could certainly account for the high variability noted in specimens collected 
from Agana Boat Basin during the current study. 

The utility of the chamids as indicators of lead pollution is also suspect, based largely on their 
poor sensitivity and lack of response in areas of known lead-enrichrnent (Burdon-Jones and 
Klumpp 1979). Spondylids, on the other hand, are excellent candidates and readily respond to 
changes in ambient lead availability. They also have a high affinity for lead, concentrating it 
almost exclusively in the enlarged kidney in much the same way as tridacnid clams (see 
Denton and Heitz 1992, 1993). Previous studies with Spondylis dllcalis from Australian 
waters have clearly shown that lead concentrations in the kidney of this species are highly 
correlated with distance from the coast. Specimens collected from patch reef areas 3, 24 and 
42 km offshore, for example, contained mean renal lead levels of 40.3, 18.8 and 15.8 Ilg/g 
respectively (Burdon-Jones and Klumpp 1979). 

Mean lead levels in whole soft tissue homogenates of S. dllcalis from remote locations of the 
Great Barrier Reef were understandably lower and ranged from 1.63-5.50 Ilg/g (Burdon-Jones 
and Denton 1984a). In the present study, lead levels in whole soft tissues of S. mllitimaricatus 
from Agat Marina were of a similar order and ranged from 1.8-6.3 Ilg/g (Table 13). 
Predictably, levels were considerably higher in specimens from the inner portion of Agana 
Boat Basin and clearly identify this area as a zone of lead-enrichment. 
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Whether hepatic lead levels in octopus are reflective of this element's ambient availability is 
uncertain at this stage. Certainly the high value of 24.6 lIg/g determined in the Apra Harbor 
specimen during the current work is appreciably higher than those recorded in the same tissue 
of cuttlefish and squid from Townsville coastal waters (Table 5). Fortunately, lead does not 
appear to accumulate in the edible portions of cephalopod mollusks. 

1.8.6 Pb in Crustaceans: 
Crustaceans tend to accumulate lead in their exoskeleton more so than their soft parts. As a 
consequence, levels found in edible tissues are typically low (Fowler 1977). In his review of 
the available data, Eisler (1981) cites values in crustacean muscle tissue ranging from <0.5-
3.4 lIg/g wet weight with the vast majority falling between 0.5-\.0 lIg/g wet weight (Hall et at. 
1978). This translates to an approximate range of 2.5-5 .0 lIg/g on a dry weight basis and is 
considerably higher than found in mantis shrimp during the present study (Table 14) 

1.8.7 Pb in Ascidians: 
The elemental composition of tunicates remains a little worked area despite the discovery of 
high vanadium concentrations in ascidians at the turn of the century. Papadopoulou and 
Kanias (1977) attempted to revive interest in the group, from a monitoring perspective, with 
their work on Ciolla illtestillalis and Microcosmlls slIlcatlls, two ascidians that are reasonably 
well represented in temperate and Mediterranean waters. Their work highlighted relatively 
high affinities for certain elements in both species, although the indicator ability of each 
remains to be established. Lead levels reported by these authors ranged from 0.52-1.9 lIg1g. 
Interestingly, an almost identical range was determined here in local ascidians from Apra 
Harbor (Table 14). 

1. 8. 8 Pb in Fish: 
Lead was not detected in the axial muscle of any fish analyzed during the present 
investigation and was only rarely seen in the livers. The limit of analytical detection was 0.5 
lIg/g or better in the great majority of samples analyzed. Concentrations at or close to this 
detection limit have been reported for tropical species from other areas of the world (Babji et 
al. 1979, Powell et al. 1981 , Phillips el al. 1982, Denton and Burdon-Jones 1986c). 

It is generally acknowledged that human activities influence the lead content of marine 
teleosts. Thus, Halcrow et al. (1973) found levels of 5.8-15.0 lIg/g in the muscle tissue of 
eight demersal fish species from the polluted waters of the Firth of Clyde, in Scotland (UK). 
Reported levels for lead in the axial muscle of fish from less contaminated areas are, however, 
generally lower. For example, Portmann (1972) published mean lead levels ranging from 
<0.5-0.99 lIg/g wet weight in various commercial fish species from UK coastal waters. 
Likewise, Eisler (1981) concluded that lead levels in the majority of fish analyzed from U. S. 
coastal waters were 0.3-0.7 lIg/g wet weight. 

In Australia, a similar range of means (0.4-0.71 lIg/g wet weight) was given for 9 commercial 
fish species from New South Wales (Bebbington et al. 1977). Somewhat higher mean values 
of 1.55-2.2411g1g wet weight were found in 12 species of fish from Cockburn Sound (Plaskett 
and Potter 1979). 
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1.8.9 Concluding Remarks: 
In light of discussions presented above, it is clear that some mild lead-enrichment has 
occurred in the sediments and certain biota of Agana Boat Basin and Apra Harbor. However, 
the data indicate that such enrichment is generally localized and has not significantly impacted 
upon the quality of edible resources inhabiting these waters. 

1.9 Tin (Sn): 
Naturally occurring inorganic tin is relatively harmless to aquatic organisms. In contrast, 
organotin compounds like tributyl tin (TBT), a modem-day biocide in antifouling paints, are 
extremely toxic (UNEP 1985, Bryan and Langston 1992). All forms of tin are relatively 
insoluble in seawater. Inorganic tin concentrations in uncontaminated waters are commonly 
around 0.01 1Ig/1 (Forstner and Wittman 1979). TBT is usually of the same order but may 
exceed 0.6 1Ig/1 in harbors and marinas (Langston el al. 1987, Waldock et al. 1987). In 
extreme cases identified in England and Denmark, concentrations of up to 3 1Ig/1 have been 
detected (Muller et al. 1989). 

Natural tin concentrations in uncontaminated, non-mineralized sediments usually lie between 
O.I-\.O 1Ig/g, and in geologically enriched areas may exceed 1000 lIg/g (Bryan el al. 1985, 
Bryan and Langston 1992). Typical surface sediment values for TBT range from 0.005-0.05 
lIg/g and usually account for less than 5% of the total tin present (Brian and Langston 1992). 
An all time high of38 lIg/g TBT was found in sediments from Suva Harbor, Fiji (Stewart and 
de Mora 1992). 

Baseline levels of tin in marine carbonate sediments from Guam were estimated to be less 
than 0.1 lIg/g. Total tin levels in local harbor sediments mostly ranged between 1-3 lIg/g 
although levels between 10 and 45 lIg/g were occasionally observed (Denton et al. 1997). 
Levels of TBT and other organotin compound in local harbor sediments, although currently 
unknown, are assumed to be extremely high in places. For example, an earlier investigation 
revealed total tin concentrations of 148-1055 lIg/g in sediments adjacent to a US naval ship 
repair and maintenance facility, in the inner Apra Harbor area (Belt Collins, Hawaii 1993). 
Undoubtedly, these high values are related to the sandblasting and repainting of naval docks 
and vessels with organotin-based anti-fouling paints. 

Total tin levels found in biota from Guam harbors during the current work are discussed 
below. The fact, that little to no comparative information exists for several groups examined, 
highlights the need for reliable baseline data for this element in tropical marine ecosystems. 

1.9.1 Sn in Algae: 
Freshwater macrophytes biomagnify tin over aqueous levels achieving experimental 
concentration factors in the order of 90,000 for inorganic tin (Wong et al. 1984) and 30,000 
for TBT (Maguire el al.1984). In contrast, concentration factor estimates for marine algae, 
from field data, are about an order of magnitude lower (Smith and Burton 1972, Bryan and 
Gibbs 1991). 
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Black and Mitchell (1952) measured total tin concentrations ofO.10-2.211g/g in 5 species of 
seaweed from Argyllshire (UK). Smith and Burton (1972) gave a slightly narrower range of 
0.1-0.65 lIg/g for brown algae from Southampton waters (UK). More recently, Langston et al. 
(1987) analyzed benthic organisms from the contaminated waters of Poole Harbor in Dorset, 
England, and reported total tin levels ofO.1l-1.7 lIg/g in the brown alga, Fucus vesiculosus. 
These authors also measured TB T and found that it accounted for around 40% of the total tin 
present. 

In the current study, concentrations of total tin in Padilla sp. from all harbor sites were 
consistently below a detection limit of 0.01 lIg/g suggesting relatively low levels of dissolved 
tin in these areas (Table 8). However, marine algae are generally considered to be poor 
accumulators (and indicators) oftin, probably because of their ability to metabolize organic 
and inorganic forms of this element (Bryan and Langston 1992). 

1.9.2 Sn in Sponges: 
Surprisingly high total tin levels were found in a number of sponges analyzed during the 
present investigation, especially those taken from Agana Boat Basin, Agat Marina and the 
Merizo Pier area (Table 9). However, in the absence of any comparative date for sponges 
from elsewhere in the world, it is difficult to draw any satisfactory conclusions from these 
observations. Nevertheless, some degree of tin-enrichment is indicated in all three areas 
relative to the Apra Harbor sites. It should be noted here that organotin compounds are highly 
lipid soluble and sponges are relatively rich in lipids. 

1.9.3 SII in Corals: 
Tin concentrations measured in soft and hard corals during the present study reinforce the 
harbor differences noted above with sponges (Table 10). The data also clearly show that soft 
corals have a greater affinity for this element than do their reef-building relatives. 
Comparative data for this group is limited to the work of Livingston and Thompson (1971) 
who failed to find tin in 34 species of hard coral from the Caribbean. However, their work 
was compromised by a relatively high detection limit of 5 lIg/g. 

1.9.4 Sn in Sea Cucumbers: 
Data for both species of sea cucumber, examined here, clearly indicate tin-enrichment at all 
sites other than those in Apra Harbor (Table II). Both muscle and hemal system portrayed 
similar distribution patterns for this element, although concentrations were generally much 
higher in the latter tissue. An exhaustive literature search failed to find any reference to tin in 
sea cucumbers from other areas of the world. Nonetheless, levels encountered here are among 
the highest ever reported for invertebrates in general (Bryan 1976, Eisler 1981). We strongly 
suspect that they reflect organotin uptake from the ingestion of contaminated sediments. 
Natural tin is strongly sorbed to aquatic sediments and as such is relatively unavailable to the 
benthos. Even when sedimentary concentration exceed 1000 lIg/g, levels in the biota rarely 
pass 10 lIg/g (Bryan and Langston 192). In contrast, organotin compounds are lipid soluble 
and are readily transferred across biological membranes. 
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1.9.5 Sn in Mollusks: 
Certain bivalves have a high affinity for tin, reflecting their inability to metabolize both 
inorganic and organic forms of this element. For example, specimens of the long-neck clam, 
Mya armaria, from Poole Harbor were found to contain total tin concentrations of 7.62-21.4 
lIg/g. Apparently, organotin compounds (TBT and OBT) accounted for around 95% of total 
residues (Langstone et al. 1987). Even higher TBT levels, 36.8 lIg/g were found in this 
species from the Itchen Estuary, in the south of England (Bryan and Gibbs (1991). 

Oysters have a somewhat lower affinity for tin than M arenaria. For example, maximum 
total tin and TBT levels in Crassostrea gigas from the heavily contaminated waters of 
Arcachon Bay, on the French coast, ranged from 0.7-7.0 lIg/g and 0.4-1.6 lIg/g respectively 
(A1zeui et af. 1986). A higher TBT range of 0.27-0.33 lIg/g wet weight (- 1.4-1.7 lIg/g on a 
dry weight basis) was reported by Thain and Waldock (1986) for Ostrea edulis from the 
polluted Crouch estuary, in eastern England. Control oysters from uncontaminated sites 
contained 0.1 lIg/g wet weight (-0.4 lIg/g dry weight). In the current study, total tin levels in 
oysters from Guam harbors ranged from <0.1-0.57 lIg/g (TableI2) and are, therefore, among 
the lowest reported in the literature for this group. Interestingly, the highest levels 
encountered throughout the study were in specimens collected from Apra Harbor in direct 
contrast to that observed with the invertebrate groups discussed above. 

No baseline data exists for tin in chamid and spondylid bivalve mollusks. Levels encountered 
in both groups during the current work were similar to those in oysters (Table 13). They also 
compare reasonably well with levels found in other bivalves (0.23-0.67 lIg/g) analyzed by 
Smith in the early seventies (Smith and Burton 1972). These particular specimens were taken 
from Southampton waters (UK) at about the time that organotin compounds were gaining 
popularity, as an alternative to copper and other heavy metals, in anti-fouling paints. It seems 
unlikely, therefore, that they would have been severely contaminated with TBT. 

1.9.6 Sn in Crustaceans: 
Crustaceans possess the necessary enzymes to break down organotin compounds fairly rapidly 
and, therefore, would not be expected to accumulate high concentrations of this element under 
typical harbor conditions. Levels found in mantis shrimp from Apra Harbor during the 
present study tend to confirm this (Table 14). However, relatively high total tin levels of 0.6-
2.0 lIg/g wet weight (-3 .0-10 lIg/g dry weight) were found in the edible tissues of several 
crustacean species analyzed by Hall et al. (1978). 

1. 9. 7 Sn in Ascidians: 
Total tin levels in the majority of ascidians analyzed during the current work were below an 
analytical detection limit of 0.01 lIg/g. Detectable concentrations ranged from 0.01-0.13 lIg/g 
(Table 14). Comparable tin data for this group is restricted to one publication by Smith 
(1970) who reported a total tin concentration of 15 lIg/g in the internal organs of the ascidian, 
Ascidia mentufa. from Southampton waters. 
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1.9.8 Sn in Fish: 
Organotin compounds are rapidly metabolized and excreted in fish. Consequently, they 
generally do not accumulate in the tissues of this group (Bryan and Langston 1992). 
According to Eisler (1981), mean total tin levels for most U. S. coastal water fish species are 
between 0.4-0.8 lIg/g wet weight in muscle and 0.3-0.7 lIg/g wet weight for liver. On a dry 
weight basis, this translates to -1.6-3 .2 lIg/g for muscle and -1.2-2.8 lIg/g for liver, assuming 
a water content of 75% in both tissue. All total tin concentrations in the axial muscle of fish 
from Guam harbors fell below the national range, as did the great majority of liver values 
(Table IS). 

1. 9. 9 Concluding Remarks: 
From the data, it is clear that sponges, soft corals, and sea cucumbers can accumulate 
significant quantities of tin. Levels encountered in these organisms, equal or exceed those 
reported for other invertebrate groups from the TBT -enriched waters of Poole Harbor in the 
south of England. This strongly suggests that there is significant TBT contamination in the 
small boat harbors of Guam. Bryan and Langston (1992) point out that small boat harbors and 
marinas are generally more prone to TBT problems than larger ports and harbors because of 
the higher density of boating traffic and permanently moored water-craft. 

1.1 0 Zinc (Zn): 
Although zinc is not appreciably toxic, it is a ubiquitous contaminant and is sometimes 
released into the marine environment in substantial quantities (Bryan and Langston 1992). Its 
omnipresence makes it notoriously difficult to determine in seawater, defying even the most 
rigorous precautions against contamination. Inter-laboratory calibration exercises undertaken 
by IOC/UNESCO in the late 1970's and early 80's identified only a handful of laboratories 
throughout the world that were capable of undertaking such a task. Since then, the pioneering 
work of Bruland and co-worker, using ultra clean techniques, have reshaped ideas on realistic 
levels of this element in uncontaminated seawater. 

Surface water concentrations of dissolved zinc in the open ocean are now known to be around 
0.01 IIg/l, several orders of magnitude lower than previously thought (Bruland et al. 1978, 
Bruland 1980). In nearshore waters they are generally higher and show greater variability. A 
mean value of 0.161 IIg/l was reported by Bruland and .Frank (1981) for uncontaminated 
waters of the NW Atlantic, while Denton and Burdon-Jones (1986d) recorded mean levels of 
0.06-0.44 IIg/l in Australian waters from the Great Barrier Reef. In harbor environments and 
polluted estuaries, levels are considerably higher, and typically range from 10-50 1Ig/1 
(preston et al. 1972, Abdullah and Royle 1974, Zinde et al. 1976, Burdon-Jones et al. 1982, 
Scoullos and Dassenakis 1983). One of the highest soluble zinc levels recorded is 305 1Ig/1 
from Restronguet Creek, a tidal arm of a large Cornish estuary in the UK that drains an area of 
heavily mineralized Devonian rocks and ancient mine workings (Klumpp and Peterson 1979). 

Sediments from uncontaminated waters typically contain zinc levels of 5-50 lIg/g depending 
upon local geology (Moore 1991). Residues in excess of 3000 lIg/g are frequently found in 
the vicinity of mines and smelters (Bryan et aL 1985) and in contaminated harbor 
environments (poulton 1987, Logorburu and Canton 1991). 
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Zinc levels in Guam harbor sediments were shown to span two orders of magnitude, ranging 
from baseline levels of 1-5 lIg/g at uncontaminated sites, to 552 lIg/g at Hotel Wharf in Apra 
Harbor. Levels in excess of 100 lIg/g were also found in the inner Agana Boat Basin, at Shell 
Fox-l Fuel Pier, Commercial Port, and Dry Dock Island in Apra Harbor, and at the refueling 
station at the Cocos Island ferry terminal, in Merizo (Denton et al. 1997). Biota samples were 
collected in the vicinity of each of these sites. The data obtained are discussed below. 

1.10.1 Zn in Algae: 
Marine algae readily concentrate zinc. Among the brown algae, which are most commonly 
used as indicators of heavy metal pollution, levels ranging from several hundred to several 
thousand part per million (lig/g) have been recorded in species from severely polluted 
environments (Bryan and Hummerstone 1973a, Fuge and James 1973, Haug et aL 1974, 
Stenner and Nickless 1974, Melhuus et al. 1978). In clean environments, zinc levels are 
usually less than 10 lIg/g. For example, mean levels of zinc in 48 species of algae from the 
Australian Great Barrier Reef were 2.0, 2.7, and 2.2 lIg/g in brown, red, and green 
representatives respectively (Denton and Burdon-Jones 1986a). 

Zinc levels previously reported for Pad ina sp. range from 3.98-9.5I1g/g in P. allstralasis from 
the Australian Great Barrier Reef, to 440 lIg/g in P. tetrostromatica from the relatively 
polluted upper reaches of Townsville Harbor (Table 5). In the current study, we found a 
relatively low mean zinc concentration of 11.0 lIg/g in Pad ina sp. from the outer region of 
Agana Boat Basin (algae were absent from the relatively turbid waters of the inner harbor 
area). A marginally higher mean level of 18.7 lIg/g was encountered in Padina sp. from Agat 
Marina. Clear evidence of zinc-enrichment was found in algae from Apra Harbor and at 
Merizo Pier, in the vicinity of the Cocos Island ferry terminal (Table 8). 

Within Apra Harbor, mean levels of zinc in Padilla sp. ranged from 45.8-182 lIg/g, peaking at 
Commercial Port (site d). These values are very close to the range of means reported by 
Burdon-Jones et al. (1982) for P. tetrstromatica from the lower reaches of Townsville Harbor 
(Table 5). These authors sampled monthly over one year to establish seasonal variability and 
showed that zinc fluctuations in the algae (67.2-166 lIg/g) mirrored those generally occurring 
in the surrounding water (0.8-15.0 IIg/l). It may be inferred from these data that dissolved 
levels of zinc in the waters of Apra Harbor are of the same order. 

1.10.2 Zn in Sponges: 
Very few papers have focused on the elemental composition of sponges and fewer again have 
looked at zinc. Two reports were uncovered during the course of this work and are briefly 
reviewed here. The first report by Lowman et al. (1966) looks at metal levels in a number of 
organisms from Puerto Rico coastal waters. The sponges analyzed during the investigation, 
though not identified, yielded zinc concentrations of 63-180 lIg/g. The second study was 
conducted by Ireland (1973) who conducted a heavy metal survey in a range of organisms 
from the polluted waters of Cardigan Bay, in Wales (UK). In the latter investigation, only one 
species of sponge, Halichondria panicea, was analyzed for zinc and levels reported ranged 
from 89-152 lIg/g. It is difficult to draw conclusions from these limited data, although the 
similarity between the two data sets implies that zinc concentrations remain fairly constant in 
all species of sponge regardless of background levels in the surrounding water. The data 
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obtained during the current study tends to support this hypothesis despite the greater 
concentration range encountered (Table 9). 

1.10.3 Zn in Corals: " . . . 
Coelenterates have received slightly more attention than ponfera from sCIentists mterested m 
determining their elemental composition. Published values for zinc in this group range 
widely, extending from below analytical detection Iimit~ to levels greater than 100 J.lg/g 
(Eisler 1981). The highest reported zinc value to date IS 603 J.lg/g for the sea anemone, 
Actinia equina. from the polluted waters of Cardigan Bay in Wales, UK (Ireland 1973). 

Fewer studies have examined the trace metal accumulating capacity of soft corals. R!ley and 
Segar (1970) reported zinc levels of 46 J.lg/g in Alcyollillm digitatum from the Irish Sea. 
Burdon-Jones and Klumpp (1979) found lower values ranging from 0.4-19.3 J.lg/g i~ ~o 
species of soft coral from coastal waters near Townsville, Australia. Th~se figures are SImIlar 
to the range of 1.5-29.0 J.lg/g found in soft corals from the Great Barner Reef (Denton and 
Burdon Jones 1986b). 

In the present study, we observed zinc levels of 38.9-143 !Ig/g in Simi/aria sp. from Guam 
harbors (Table 10). Mean levels reported earlier by Denton and Burdon-Jones (1 ~84b) ~or 
this genus from the Great Barrier Reef ranged from 1.5-5.7 !Ig/g. Based on knoW? ~nt~r-slte 
difference in zinc availability, these authors concluded that soft corals show blOtndlcator 
potential for zinc. The data presented here strongly supports this assumption. 

Hard corals also seem to have some bioindicator potential for zinc as evidenced by the work 
of Livingston and Thompson ( 1971) and Denton and Burdon-Jo~es (1986.b). The former 
research team analyzed several species of hard coral from a geologIcally ennched area of the 
Caribbean and reported zinc levels ranging from <2.0-70.0 !Ig/g. In contrast, the latter group 
examined zinc concentrations in corals from minerally impoverished areas of the Great 
Barrier Reef and found 0.57-1.3 J.lg/g. In the present study, we found levels of zinc that 
ranged from a low of 1.29 !Ig/g in corals from the outer area of Agana Boat Basin to a high of 
7.66 !Ig/g in specimens from Commercial Port in Apra Harbor (Table 10). These dat~ sugge.st 
that hard corals have little to no control over zinc levels in their skeletal and soft ttssues m 
contrast to earlier claims to the contrary by Brown and Holley (1982). 

A comparison, of the metal sequestering capability of each group, clearly indicates that soft 
corals have a greater affinity for zinc (copper and cadmium) than hard corals. !he tenden~y 
for trace metals in corals to be associated with organic molecules and the hIgher organIc 
content of soft corals (40-50%) compared with hard corals (0.1-6'()%), is considered to be 
largely responsible for this (Tapiolas 1980, Brown and Hol~ey .1982 .~oward an.d !lrov:n 
1984). However, quantitative differences in the organic matnx, m .addltton t? varlatlo?s. m 
food, feeding characteristics and colonial growth form, may also be Important tn determmmg 
differences between, as well as within, each group (Harriss and A1my 1964, Howard and 
Brown 1984, Lasker 1981, Schlichter 1982, St. John 1974). 
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1.10.4 Zn in Sea Cucumbers: 
In echinoderms, zinc concentrations in excess of 100 Jlg/g are not unusual. For example, 
Leatherland and Burton ( 1974) reported levels of 220 J.lg/g in the starfish, Asterias rubens, 
and Thompson and Paton (1979) found 171 J.lg/g in the muscle tissue of sea cucumber, 
Molpadia intermedia. Eisler (1981) suggests that the high zinc concentrations among 
echinoderms reflect their inability to regulate tissue levels of this metal. Thus, they could well 
prove to be useful indicators of zinc contaminated waters. 

Burdon-Jones and Denton (1984a) looked at zinc in the body wall of the sea cucumber, 
Stichoplls variegahls, from Lizard Island, Orpheus Island and Heron Island on the Great 
Barrier Reef, and reported mean levels 7.4, 9.0 and 6.7 !Ig/g respectively. Zinc levels in 
sediments at Orpheus Island were - 16 !Ig/g compared with -0.5 J.lg/g at the other two 
collection sites. As sea cucumbers derive their metal load predominantly from ingested 
sediments, it was reasoned that specimens from Orpheus Island would contain the highest 
tissue concentrations of zinc assuming they lacked any regulatory capacity for this element. 
However, the fact that there was no significant difference between data sets suggested 
otherwise. 

In the current work, we noticed very little inter-site difference in the body wall zinc 
concentrations of both sea cucumber species analyzed (Table ll). This finding supports the 
argument for metabolic regulation for zinc, at least in this tissue. Levels showed little 

. variability and ranged from 8.33-18.0 !Ig/g in Bohadschia argus, and 12.6-21.2 !Ig/g in 
Holothllria alra. Concentrations in the hemal system were appreciably higher, particularly in 
specimens from the Hotel Wharf and Commercial Port area of Apra Harbor, where 
sedimentary zinc levels are known to be relatively high. This implies that the hemal system 
would be a better candidate tissue for determining zinc abundance in the marine environment. 

1.10.5 Zn in Mollusks: 
It is evident from the literature that trace metal levels in bivalves are subject to considerable 
inter-specific variation and, in this regard, zinc is probably affected most. Oysters rank 
among the greatest accumulators of zinc and levels reported in the literature range from less 
than 100 !Ig/g in clean waters to 100,000 !Ig/g in areas impacted by metal mining, smelting, or 
refining activities (Eisler 1981). 

Levels in oysters from harbor locations typically range between 1,000-10,000 !Ig/g (Table 5). 
Hence, the high levels of zinc found in oysters during the present study are to be expected 
given the nature of the environment from which they were collected. 

The utility of oysters as biomonitors of zinc and copper abundance in marine and estuarine 
environments is unequivocally established (Phillips 1980). For this reason, they rank among 
the most popular choice of sentinel species for pollution monitoring programs. Burdon-Jones 
et al. (1977) examined zinc levels in Saccostrea amasa from Townsville Harbor and reported 
mean monthly levels of 1,916-9,073 J.lg/g. The same species from an offshore location on the 
Great Barrier Reef contained much lower levels of 54.4-130 !Ig/g (Burdon Jones and Denton 
1984a). In both cases, tissue concentrations of zinc were between lOS and 106 times higher 
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than ambient seawater levels. As a monitoring tool then, oysters readily provide a first order 
approximation of zinc availability in their aqueous environment 

Although cham ids accumulate respectable levels of zinc in their tissues, there is, as yet, no 
evidence to indicate they have bioindicator potential for this element On the contrary, 
Burdon-lones and Klumpp (1979) failed to establish any connection between zinc levels in 
Chama iostoma and proximity to land-based pollution sources of this element Data from the 
current study is also non-supportive of their utility as sentinel species. 

The spondylids, unlike the chamids, are reasonably sensitive indicators of zinc abundance 
although work still needs to be done to determine their uptake and depuration kinetics for this 
and other metals of environmental importance. The large spondylid kidney is the primary site 
of zinc accumulation, just as in tridacnid clams. Renal zinc levels in both groups are 
generally correlated with available levels in the surrounding water column (Burdon-lones and 
Klumpp 1979, Denton and Heitz 1991), and turnover times are relatively long, in the order of 
6 months. The sensitivity of this organism as an indicator of zinc is clearly demonstrated by 
comparing levels found in S. multimuricatus during the current study, with related species 
taken from the Australian Great Barrier Reef (Table 5). 

Zinc levels in cephalopod mollusks also tend to be reasonably high, particularly in liver tissue. 
However, a comparative analysis of published data for cephalopods from other parts of the 
world suggests that zinc is regulated by these organisms. For example, the hepatic zinc 
concentration of 573 l1g/g in octopus from Apra Harbor, is just outside the upper range of 
values (247-449 l1g/g) found in the livers of squid from California coastal waters (Martin and 
Flegal 1975). Likewise, the concentration determined in the tentacles of our octopus (69.5 
l1g/g) was very close to that found in the edible tissue of squid taken from outer continental 
shelf waters off the southern Texas coast (Horowitz and Presley 1977). Additional examples 
are presented in Table 5. 

1.10.6 Zn in Crustaceans: 
Zinc concentrations in decapod crustaceans are generally high, although variations within and 
between species, as well as between tissues, are often considerable. The hepatopancreas and 
ovary typically contain the highest zinc levels within individuals, with reported levels ranging 
from 24-169 l1g/g wet weight (- 100-700 l1g/g on a dry weight basis). Levels within edible 
body and tail muscle are lower and less variable, and usually lie between 20-100 l1g/g (Eisler 
1981). Zinc concentrations determined in the tissues of mantis shrimp during the current 
work fit reasonably well with these data ranges (Table 14). 

The work of Pequegnat (1969) suggested that zinc was unregulated by crustaceans, and was 
accumulated in excess of each organism's immediate needs at rates determined by its ambient 
availability. However, in an important series of papers, Bryan has amply demonstrated 
otherwise (Bryan 1964, 1966, 1967, 1968, 1971, 1976). It is now well known that, essential 
elements, like copper, manganese and zinc are regulated to some extent by crabs, lobster and 
crayfish as well as amphipods and other crustacean species (Phillips 1980). Thus, crustaceans 
are not suitable as biological indicators for these metals. 
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1.10.7 Zn in Ascidians: 
Zin~ co?centrations in ascidians are of the same order as those found in many other soft­
bodied mvertebrate groups. Levels reported by Papadopoulu and Kanias (1977) for two 
species of ascidians fro~ the Mediterranean ranged from 100-180 l1g/g. Levels recorded here 
for .Apra Harbor speplmens were somewhat lower, extending from 15.2-95.8 l1g/g. No 
obvIous parallels were apparent with zinc levels in sediments. 

1.10.8 Zn in Fish: 
Zinc level.s in. t.eleosts are gen.erally lower than in most invertebrate groups and probably 
re~ect their ability to re8l;1l~te tissue le~els of this metal within certain limits (Phillips 1980). 
It .IS, therefore, not su,?nsmg that dunng the present investigation there was no consistent 
eVIdence to suggest zmc levels varied between trophic levels or between harbor sites 
However, the dat~ did show that inter-specific variations of zinc i; liver tissue frequently spa~ 
an order of magmtude or more. It was also evident that hepatic zinc concentrations generally 
bore no relationship to levels present in muscle tissue. 

Zinc concentrations in axial muscle showed relatively little inter- or intra-specific variation 
and ran~ed from 8.4-48.9 l1g/g for all samples. However, out of the 74 specimens analyzed, 
only 15 Yo had concentrations above 20 l1g/g (mostly from Apra Harbor). The great majority 
o.fs~mples ~ielded ~alues between 10 and 20 l1g/g. Denton and Burdon-lones (1986c) noted 
Similar fi~dmgs ~Ith fish from the Great Barrier Reef. In their study, axial muscle 
conc.entratlOns ofzm~ ranged from 4.3-41.8 l1g/g in 190 individuals, representing 50 different 
species. However, zmc concentrations exceeded 20 l1g/g in only 8 % of samples analyzed 
while 16% gave values ofless than 10 l1g/g. 

On a fresh weight basis, the results of the current study also compare favorably with those 
reported by Powell et al. (1981) for 8 tropical marine species from Bougainville Island Papua 
New Guinea. ' 

As mentioned above, it is now generally believed that fish actively regulate zinc 
concentrations in their muscle tissue (Cross et al. 1973, Bryan 1976) and as a result do not 
reflect changes in ~m.bient available changes of this element in their en~ironment (Phillips 
1980). Therefore, It IS noteworthy that generally higher zinc concentration ranges to those 
presented here have been reported in species from relatively polluted areas of the world 
(Halcrow et al. Eustace 1974, Sims and Presley 1976, Plaskett and Potter 1979) which infers 
that regulation of this element may not be complete. 

1.10.9 Concluding Remarks: 
Clear indications of mild to moderate zinc-enrichment of the biota are evident at all four 
~arbor loc~tions. Although contamination by this metal is widespread within Apra Harbor, it 
IS predo~mantly co~ned to the inner section of Agana Boat Basin, the refueling station at 
Agat Marma, and adjacent to the Cocos Island ferry terminal at Merizo Pier. 

- 67 -



I 

'" co Table 8 

Heavy Metals in Seaweed From Guam Harbor Waters (data as J.lg/g dry wt.) 

Species Location (site) Date Statistic Ag As 

Pad/nQ sp. Agana Boat Basin IS·Dec, '98 mean 0.89 32.2 

range nd nd 

n 

Padino $p. Apra Harbor (a) '-June '98 mean DC 6.38 

range <0.11·<0.11 S.19·1.09 
n ] ] 

Padino sp. ApraHarbor(c) J.June'98 mean DC 7.34 

range <0.11·<0.11 1.06·1.S8 

n 3 3 

Pad/no sp. Apra Harbored) 9·Junc'98 mean m.: 33.2 
range <0.11·<0.12 30.0·38.1 

n 3 3 

Pad;no sp. Apra Harbor (e) 9·Junc '98 mean DC 27.S 
range <0.11-<0.12 24.0-3'.9 

n 3 3 

Pad;no $po Apra H8Ibor(O 12-June'98 mean DC 18.3 

rnnge <0.10-<0.10 17.7-18.8 
n 2 2 

Pad;no sp. Agat Marina 21-Oec. '98 mcao < 0.08 20.S 
range nd nd 

n 

Pad/no sp. Merizo Pier 22.[)ec. '98 mean < 0.08 11 .• 

range nd nd 

n I I 

Cd 

0.26 
nd 

0.11 

0. IS-O.18 
3 

0.11 

0.IS-O.19 

3 

0.18 
O.1S-O.2I 

3 

O.s 
0.49-0.49 

3 

0.2 
0.20-0.22 

2 

0.09 

nd 

0.01 

nd 
I 

Cr 

0.68 

nd 
I 

0.62 

0.S1-O.61 

3 

1.36 

1.l1·1.39 

3 

2.05 

1.91·2.10 

3 

2.9 

2.84·2.98 
3 

2.8 
2.80·2.86 

2 

2.61 

nd 

14.1 
nd 
I 

Cu 

U3 
nd 

2.66 

2.S9·2.11 
3 

5.42 

S.3S·S.46 

3 

33.9 

29.8·36.6 
3 

14.5 

13.9·15.1 
3 

6.3 
6.21-6.36 

2 

4.01 

nd 

21.1 

nd 
I 

'-H, coocc:ninirons as I-lWg wet Wetgfil; mean -;; gcomttJ;c mean; n - number of replicates analyzed; DC ii not calculable; nd · no dita 

'" '" 

Table 9 

Hg* 

< 0.002 

nd 

0.001 

nd 
I 

0.009 

nd 
I 

0.026 

nd 
I 

0.014 

nd 
I 

0.001 
nd 
I 

< 0.002 

nd 

0.003 

nd 
I 

Ni 

1.18 
nd 
I 

US 
2.4S·2.14 

3 

1.09 

1.01·1.16 

3 

1.63 
1.46-1.16 

3 

3.0 
2.89·3.11 

1 

1.8 
1.68.1.86 

2 

2.8S 

nd 

2.28 
nd 
I 

Pb 

0.46 
nd 

1.84 

1.16·1.93 
3 

6.04 
S.S9-6.48 

3 

4.96 
4.61-S.34 

3 

S. I 

4.03·S.82 
3 

2.6 
2.S8·2.66 

2 

< 0.2S 

nd 

8.01 

nd 

Sn 

<0.01 
nd 
I 

nc 
all <0.01 

3 

nc 
an <0.01 

3 

nc 
all <0 .01 

3 

n< 

all <0.01 

3 

nc 
aU <0.01 

2 

<0.01 

nd 

<0.01 

nd 
I 

Heavy Metals in Sponges From Guam Harbor Waters (data as J.lg/g dry wt.) 

SPONGES 

Species 

Ca/lyspongia dijfiuD 
Cinachyra lip. 

Cinachyro sp. 

C/a/hTlo vu/pina ., 
C/a/hria VII/ptul ? 

Dysidea sp. 
Dysidea 51'. 
Dysidea sp. 
Dysidea sp. 

Lianna cf granularl.r 
LJos;na cf graml/aris 
Sty/o/ella aurantiu", 
Sly/o/ella aurantium 
Sty/ofelia Qlmmtium 
Stylolella ourantium 

UNIDENTIFIED SPONGES 

IIroIm Wan Sponge 
IIroIm Wart Spange 
Orange Wart Sp ... ge 
Yeilow Bread Sp ... ge 

Yellow IIreod Sponge (red outside) 

• .; Hga..ocrltralions as f!Wg wet-weight 

Location (site) 

Ago! Marina 
Agana Boat Bosin 

MerilD Pier 
Apt Marina 
Mcri1.OPicr 

Apra Harbor (0) 

Apra Harbor (d) 
Apra Harbor (I) 

Apt Marin. 
Apra llarbor (b) 

Apra Harbor (e) 
Apra Harbor (b) 

Apr> Harbor (e) 
Apr> Harbor (e) 

MerizoPier 

Apra Harbor (e) 

Apr> Harbor (I) 
Apro Harbor (el 

AgjolMarina 

Apra Harbor (c) 

Date AI: As 

21·Dec. '98 < 0.11 < 0.01 
18·Dec. '98 0.39 < 0.0 I 

22·Dec. '98 0.11 0.01 
21·Dec. '98 < 0.08 < 0.01 
22.Dec. '98 < 0.11 < 0.0 1 
3·) ... e '98 0.47 6.39 
9·)une '98 0.33 IO.S 
12·)woe'98 < 0.11 6.90 

21·Dec. '98 < 0.10 <0.01 
S')1lrIC'98 O. IS 39.1 
9·)une'98 < 0.10 41.1 
S,),,"e '98 < 0.09 6.25 

9·) .... '98 < 0.12 S.96 

9·June'98 < 0.10 6.42 

22·Dec. '98 < 0.11 < 0 .01 

9-June'98 0.14 19.8 
12·)woe '98 0.24 S.91 
9·) ... e'98 < 0.10 31.9 

21·Dec. '98 < 0.08 < 0.01 

J.June'98 < 0.10 43.1 

Cd 

0.86 
0.26 
0.20 

0.46 
0.33 

0.23 
0.28 
0.15 

0.20 

O.SO 
0.18 

0.33 
0.22 
0.11 
0.20 

0.23 

0.21 
0.24 
0.14 

0 .14 

Cr 

9.12 
0.98 
1.11 

2.02 
0.45 

2.20 

2.24 
1.10 
4.29 

24.9 
IS .I 
1.90 
2.60 

2.43 

1.33 

11.3 
13.S 
2.21 
1.10 

0.45 

Cu 

40.4 
46.2 

IS.O 

30.3 
1S.6 
12.9 

13.1 

2\.3 
20.2 

12.4 

40.3 

23.S 
21.0 

11.1 
19.4 

34.9 

3U 
1.86 
6.2 
11.0 

Hg* 

0.014 
0.027 

0.023 
O.OOS 

0.001 
0.01S 

0.OS9 
0.010 
0.001 
0.008 

O.OSI 
0.021 
0.043 
O.OS] 

0.021 

0.012 

O.OOS 

0.031 

0.004 
0.081 

Ni 

6.04 
0.40 

0.81 

S.31 
0.10 
1.6S 

0.62 
1.61 
3.81 

9.04 
8.93 
0.19 

1.71 

I.IS 
2.01 

10.6 
1.04 

12.61 

0.66 

3S.0 

Pb Sn 

OM 23.6 

1.46 S.13 

< 0.12 10.9 
< 0.2S 13.S 

< 0.14 11.0 
2.S8 O.oJ 

4.31 0.04 
2.50 < 0.0 1 

< 0.30 11.1 
68.3 < 0.01 

S2.0 <0.01 

2.10 < 0.01 
3.02 < 0.01 
2.92 < 0.01 

< 0.33 16.1 

20.3 < 0.01 
23.1 < 0.01 

1.24 < 0.01 
< 0.26 6.4S 

1.20 0.01 

Zn 

11.0 
nd 

4S.8 

4S.1-46.8 
3 

66.9 

6S.0-68.4 

3 

182 
116· 192 

3 

119 

114·122 
3 

13.6 
12.3.14.9 

2 

18.1 

nd 

18.3 

nd 
I 

Zn 

62.S 
26.4 

22.2 
200 
118 

62.1 
1S.6 

U8 
41.5 

21S 
232 
61.2 

'3.3 
10.8 

83.S 

131 
144 
34.S 
102 

41.4 

% 
H10 

86 

83 

85 

81 

86 

90 

81 

83 

0/. 

H10 

86 
64 
71 
8S 

86 
11 

" 6' 
84 

76 
80 

83 
84 

84 

82 

18 
13 
83 
86 
84 
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Table 10 

Heavy Metals in Corals From Guam Harbor Waters (data as J,Lg/g dry wt.) 

Species 

SOFT CORALS 
Simdana 'P. 

Sln"lor;o liP, 
SinJl/cmo 'P. 
Simi/ana sp. 

1IAJU) CORALS 

Acropora l o,.",osa 
Fllngia COIKII1M 

F'unglQ echldala 

Herpolirlw J ;",ax 
Herpolilha I""ax 

Pocdopora do"ucorn;s 
Pocllopora damicorIJls 
Pocilopora damicorms 
Poet/opora dam/corms 
Pociloporo domicornis 
Pocllopora dalllicornu 

• - IfS cooOl:Sltratioos as J.1&,g wd. weight 

-.l -

Location (site) 

Apra lIarbor (e) 
Aprall.rbor (e) 

Agana Boat Basin 
Mcrizo Pier 

Apra Harbor (.) 
Apr. Harbor (e) 

Apr> Harbor (e) 

Apr. Harbor (c) 

Apru lIarbor(e) 
Agiwla Bo .. Basin 
Apra Harbor (c) 

Apra Harbor (d) 

Apra Harbor (I) 

~lM.rina 

Mcrizo Pier 

Date 

l-June'98 
9·June '98 

18-Dec. '98 

22-Dec. '98 

6-June'98 
l-June'98 

6·Junc'98 
l-June'98 
6.JW'lc'98 

18-Dec. '98 

3-June'98 
6-J .... '98 

12-Jooe'98 

21-Occ. '98 
22-Occ. '98 

Ag As 

< 0.11 2.ll 

< 0.12 \.60 
2.69 0.01 

< 0.10 < 0.01 

< 0.11 

0.24 

0.14 

< 0.11 
1.17 

< 0.10 
0.18 

0.26 

< 0.11 
< 0.01 
< 0.12 

0.14 
0.25 

0.19 
0.17 

0.20 

< 0.01 
67.1 

0.84 

0 .41 
< 0.01 
< 0.01 

Cd 

0.1l 

0.16 

0.10 
< 0.05 

0.09 

0.08 

0.10 
0.09 

0.08 
< 0,06 

0.07 

0.24 

0.09 
< 0.04 

< 0.06 

Table 11 

Cr 

O.ll 

0.27 
< 0.15 

< 0.16 

0.27 

0.14 

0.24 
0.29 

0.25 

< 0.17 
< 0,12 
O.l) 

0.14 
< 0.12 

< 0.19 

Cu 

0.89 
0.44 

0.98 

0.60 

< 0.10 

\.06 
OA9 
0.85 

\.52 
< 0.11 

0.11 

< 0.10 
0.15 

0.24 

< 0.13 

Hg· 

0.007 
0 .01l 

0.004 

0.022 

0.017 

< 0.011 
0.007 

< 0 .005 

oms 
0.006 

< 0.006 

< 0.007 
< O.OOS 

0.005 

0.004 

Ni 

0.5l 

0.70 

0.80 

0.24 

2.12 
< 0.17 

0.27 
< 0.18 

< 0.15 
< 0.16 

0.29 

0.24 

0.21 
c O. ll 

< 0.18 

Pb 

< 0.l4 

< 0.l7 

< 0.28 

< O.lO 

< 0,)2 

< 0.)4 

< 0.31 

< 0.36 
< 0.30 
< 0.)2 

< 0.33 
< 0.31 
< 0.34 
< D,ll 

< 0.l6 

Sn 

0.13 

0.24 

10.5 

7.12 

< 0.01 

0.06 

< 0.01 

< 0.01 

< 0.01 
0.16 

< 001 

< 0 .01 
< 0.01 

0.63 
0.37 

Zn 

143 

76.3 

74.5 

38.9 

\.69 
3.14 

\.76 

2.21 

4.14 
\.29 
7.16 

7.66 
6.97 

l.26 

3.81 

Heavy Metals in Sea Cucumbers From Guam Harbor Waters (data as J,Lg/g dry wt.) 

Species Location (site) 

Bohndschlll argu, Agp.na Boat Basin 

BohDdsch,a OTgUJ Apra Harbor (b) 

Bohadschia argUJ Apra Harbor (0) 

Bohadsch,a IIr8'" Apr> Harbor (e) 

Bohadschia arg.1S Apt Marina 

Bohadschia argltJ Atilt Marina 

Bohadschla argUJ MenlO Pier 

HolO/hllria alra Agana Boat Basin 

HO/Olh"ria alTa Apra Harbor (e) 

Hololhuna IIlra Apra Harbor (g) 

H%lhllrlll alTa Agat ~Iarina 

Hololhuria alTa Agal Marina 

Hololhurla a,ra MenlO Pier 

Date 

IS-Dec.' 98 

5-Junc'98 

12-June'98 

9-June'98 

2 I-Dec. '98 

2 I-Dec. '98 

22-Dec. '98 

IS-Dec. '98 

9·Junt '98 

ll·Junc '98 

2 I-Dec. '98 

2 I-Dec. '98 

22-Dec. '98 

., 
" 
~ 
M 
H 
M 
H 
M 
H 
M 
H 
M 
H 
M 
H 
M 
H 

M 
II 
M 
H 
M 
H 
M 
H 
M 
H 
M 
H 

Ag 

< 0.10 

< 0 .12 
< 0.13 

< 0.13 

< 0.12 

< 0.14 

< 0.09 

< 0.11 

< 0.09 

< 0.14 

< 0.09 

< 0.12 

< 0.10 

< 0.09 

0.24 

0.72 

< 0.12 
< 0.3S 

< 0.10 

4.90 
< 0.10 

nd 
< 0.16 
< 0.17 

< 0.11 
< 0.11 

M -bod)' Wall m&iScletu.suC'.H - hanalsYSt~ • • H&conCQltrnlionsasJ.lBi&Wcl-wei~~ nd-· nodMa 

As 

< O.O l 

< 0.01 
14.7 

32.6 
17.7 

42.8 
7.81 

166 

< 0.01 

0.15 

< 0.01 

0.20 

< 0.0 1 

< 0.0 1 

< 0.01 
< 0.01 

13.6 
7.24 

23.2 
28.3 

< 0.01 

nd 
< 0.01 
0.18 

< 0.01 
O.Ol 

Cd 

0.08 
0.18 

0.12 

O.ll 
0.11 

0.39 

0.11 

0.32 

0.08 

0.28 

0.06 

0.24 

0.09 

0.20 

0.06 

0.12 
0.07 

0.25 

0.04 
0.26 
0.07 

nd 
< 0.07 

0.09 

0.07 
0.10 

Cr 

< 0.13 
7.55 

< 0.11 

7.28 

O.4l 
31.88 

0.23 

8.28 

< O. ll 

n58 
< 0.12 

6.27 

<0.14 

10.11 

< O.ll 

3.14 

0.25 
2.21 

<0.13 
8.58 

< 0.14 

nd 
< 0.2l 
0.88 

< 0.16 
2.85 

Cu 

0.89 

2.25 
0 .63 

2.84 

063 
4.15 

2.26 

39.1 

0.66 

3.15 
0.69 

3.45 
0.59 

3.47 

1.40 

6 .37 
0.71 

4.70 

1.18 
5.19 

1.71 

nd 
1.27 

l .69 
2.51 

3.81 

Hg· 

0.007 

0.096 

0.005 

0.221 
O.OOs 

0.459 

0.005 

0.301 

0.001 

0.006 

o.oOl 

0.070 
0.00) 

0.058 

0.008 

0.091 
0.008 

0.049 
0.007 

0.088 

0.014 

lid 
0.022 
0.072 

0.008 
0.016 

Ni 

0.28 

0.39 

1.38 
OA) 
1.D4 
1.21 
1.07 

0.48 

1.01 
0.90 

0.70 

0.50 

1.12 
0.62 

< 0.19 

< 0.43 

< 0.19 
< 0.54 

< 0.15 
< 0.49 
< 0.22 

lid 
< 0.34 
< 0.28 

< 0.23 

< 0.18 

Pb 

< 0.37 

< 0.33 

< 0.3l 

0.58 

< 0.31 
< 0.38 

0.56 
0.88 

< 0.36 
< 0.31 

< 0.35 

< 0.32 

< 0.39 

< 0.26 

< 0.36 

< 0.72 

< 0.32 
< 0.92 

< 0.26 
< 0 .84 
< 0.40 

lid 
< 0.63 
< 0 .47 

< 0.43 

< 0.30 

Sn 

14.5 

40.3 
0 .26 

3.27 

0.11 
S.25 

0.12 

1.72 

7.25 

45.9 

19.3 
51.9 

14.8 

38.5 

10.6 
18.l 

0.11 

1.63 
0.16 

6.54 

21.5 
lid 

9.76 

11.9 
10.7 

17.8 

Zn 

12.5 
58.3 

13.8 

374 

18.0 

206 
13.8 

41.4 

8.ll 
76.3 
16.6 

96.8 

11.0 

40.6 

12.6 
117 

15.5 

120 

17.9 
180 

17.0 

nd 
15.4 

141 
21.2 
25l 

%8,0 

72 
60 

84 

65 

16 

16 

18 
14 

16 

10 

21 
29 

17 

12 
14 

%8,0 

86 
83 
87 

78 

87 
87 

87 

80 

86 

85 
87 

84 

88 
84 

87 

88 

89 
91 

89 

U 
90 

lid 
90 

9l 
86 

85 
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N Table 12 

Heavy Metals in Bivalve Mollusks From Guam Harbor Waters (data as Ilg/g dry wt.) 

Species 

OYSTERS 
SaCCOJlrw cuccullola 

&ccoslrea CUCcullOID 

(Juveniles) 

SlriOJlreO cf. mytilolrkl 

Slrioslrea cf. myrUoldes 

Stnollrea cf. myliloides 

StriOllTUI cf mytilolchu 

Slrlos,ru cf mytiloldeJ 

SIr/oltrea cf myttloides 

Location (site) 
Date 

Apra Harbor (c) 
S·.June '98 

MerizoPier 
22·Dcc'98 

AgMa Boat Buin 
30-Jan '99 

Apra Harbor (a) 
5.June '98 

Apra Harbor (e) 
9.Jooe'98 

Apra Harbor (0 

A&ot Morin. 
21·Dcc'98 

Maim Pier 

22·Dcc'98 

Statistic 

mean 

rango 
n' 

mean 
rango 
n' 

mean 
rango 

n 

mean 
rango 

n 

mean 

... go 
n 

mean 
... go 

n 

mean 
... go 

n 

mean 

range 
n 

Ag As Cd Cr Cu Hg* Ni Pb Sn Zn 

0.56 nc 916 0.056 0.65 nc 
<0.14-0.61 

5 

12.4 
8.33·21.1 

5 
0.51-0.69 <0.28·<0.49 66J.J911 0.043-0.078 <0.36·1.21 

0.60 
<0.33·1.14 

5 

0.43 
0.24-0.70 

5 

29)) 

2262-4722 
5 5 5 5 4 5 

4.48 26,5 
4.09-4,91 21.3·32.9 

2 2 

0.69 
0.61-0.77 

2 

1.12 
1.03·1.21 

2 

0.56 21 .1 0.58 1.11 
0.13·2.96 16.5·35.5 0.36-0.78 0.84·9.04 

13 13 13 13 

0.14 19.3 0.73 nc 

<0.09· 0.47 13.6-25.1 0.51-0.99 <0.19-0.71 
8 8 8 8 

0,17 12.2 0.11 DC 

654 
598.715 

2 

0.02 
nd 

1.37 

1.25·1.50 
2 

DC nc 
<0.31-0.18 <0.01-<0.01 

2 2 

1153 
1086·1225 

2 

1968 0.092 1.28 2.79 DC 5130 
500·3047 0.080-0.149 0.37·3.60 0.72·12.2 <0.01-0.09 2002·8375 

13 4 13 13 13 13 

1381 0.039 0.65 0.57 0.34 6367 
878·2076 0.031-0.053 0.45.0.91 <0.27-0.93 0.23-0.57 4014-9789 

8 6 8 8 8 8 

777 O.Oll 0.73 nc 0.04 3931 
<0.08-0.30 9,48·15.0 0.23-0.37 <0.15-0.49 496·1483 0.022-0.043 0.43·2.56 <0. 17·<0.24 <0.01-0.08 2148·5643 

10 10 10 10 10 9 10 10 10 10 

0.37 
<0.11·1.34 

10 

14.1 0.43 0.24 1071 0 .037 1.0] ftC 0.18 
0.11-0.27 

10 

4225 
2800-6280 

10 
12.2·18.9 0.39-0.60 <0.18-0.89 629·2971 0.031-0.048 0.68·1.43 <0.21-0.62 

10 10 10 10 9 10 10 

0.13 33.2 
<0.10-0.20 28.7·38.4 

4 4 

< 0.09 

nd 
1 

27,7 

nd 

0.70 1.74 
0.56-1.04 1.54·2.01 

4 4 

0.60 

nd 

2.17 

nd 

795 0.017 
689·962 0.016-0.022 

4 3 

815 

nd 

nd 
nd 
nd 

2.01 nc 0.02 3944 
1.64-2.67 <0.3Q..<0.70 0.01-0.05 2492·5393 

4 4 4 4 

2.73 

nd 

6.48 

nd 

< om 
nd 

3571 

nd 
1 

, H&conc:cntntions as liW& wet we:i@tl\; mean - geome&ricmean~ n • number ofindividuab. analyzed; n' • numba' ofpooled I&ft1Iks IRIlyzed (5 oy5tas per pool)~ nc · rKC. calculable; nd · no data~ 

<;:l 

Species 

CHAMIDS 
ChamQ bross/co 

ChamQ lozQruJ 

Chama lazarus 

Chamo """nu 

ChantD iazarvJ 

Chama lozar1l.r 

Chama lazanu 

SPONDYLIDS 
Spondylu3 'J muitimuricQtu3 

Spondylus ? multimurlaJllu 

Table 13 

Heavy Metals in Bivalve Mollusks From Guam Harbor Waters (data as Ilg/g dry wt,) 

Location (site) Statistic 
Date 

ApI> Harbor (d) 

9·June'98 

Apra Harbor (b) 
S-June'98 

Apra Harbor (c) 
3·June '98 

Apra Harbor (d) 
9·June '98 

Apra HIIfba< (e) 
9 • ./une'98 

Apra HDrbor (0 
12.Junc'9S 

MerizoPicr 

22·Dec. '98 

Apna Boat Basin 
18·Dec. '98 

ApI Marina 
21·Dec. '98 

mean 
range 

n 
mean 
range 

n 

mean 
... go 

Q 

..­
range 

n 

mcan 
range 

n 

mean 
".,ge 

n 

mean 

rango 
n 

...... 
range 

n 

mean 
rango 

n 

Ag As Cd Cr Cu H.:* 

0.25 35.3 0.41 5,09 8.76 0.10 

<0.12.0.58 23.6-51.6 0.23-0.68 3.97-6.22 6.84-11.2 0.Oll-O.312 

3 3 3 3 3 2 

nc 54.1 0.13 1.04 ' .95 0.054 
<O.IQ..<0.12 43.Q..61 .9 0.09-0.16 0,55·2.51 4.42-6.94 O.OSl.o.055 

3 3 3 3 3 2 

nc 29.2 0.21 1.3 7.3 0.3 
<0.10·<0,10 28.4-30.0 0.21-0.21 1.13·1.42 6.99·7," 0,064-1.041 

2 2 2 2 2 2 

Ni Pb Sn 

18.9 0.71 0.09 

14.9·25.1 <0.30·2.0) 0.03-0.23 

3 3 3 
2.79 DC 0,03 

2.44-3.58 <0.211-<0.35 0.01-0.05 
3 3 3 

Zn 

141 

79.4-387 

3 
97 

62.7·202 
3 

2.2 nc 0.010 78.3 
1.98·2.53 <0.29·<0.30 <0.01-0,03 50,1·122 

2 2 2 2 

DC 131 0.30 2.77 13.4 0.076 2.52 0.64 0.05 103 
<0,10-0.23 73,6·331 0.18-0.75 1.94-2.90 8.55·129 0.036-0.193 1.49·7.81 <0.31-0.94 <0.01-0.37 70.1·161 

5 , 5' 5 45555 

DC 31.9 

<0.11·<0. 11 21.6-66.8 
4 4 

DC 70 

<O.IQ..<0.12 67.S-104 

5 5 

0.11 
0.09-0.15 

4 

0,19 
0.11.0.35 

5 

1.04 
0.60·1.36 

4 

1.91 
1.38·2.78 , 

6.57 
5.35-8.14 

4 

5.83 
5,17-6.52 

5 

0.11 

<0.11-0.22 

2 

152 0.18 0.57 7,19 

103·225 0.18-0.19 0.48-0.67 5.35·9.67 
222 2 

0.037 
0.020-0.229 

4 

0,058 
0.030-0.150 

4 

0.018 

nd 

1.67 nc DC 

1,30·3.19 <0.31·<0.31 <0.01·<0.01 
4 4 4 

2.48 DC 0,01 

1.711-3.BS <0.30-<0.34 <O.OI-O.G3 
5 5 5 

2.59 nc 0.02 

1.90·3.53 <0.35·<0.67 <0.02-0.05 
2 2 2 

82.2 

46.2·137 

4 

102 
61.8·197 

5 

170 

127·227 
2 

1.01 44.4 5.95 6.34 331 0.001 15.1 79.5 0.31 492 
0,41·1.73 ll.Q..52.3 5.30-6.89 2.9)·9," 271-432 0.001-0.001 13.7·18.0 72.8·88.6 0.28-0.33 404-7]0 
3333323333 

QC SI.O 5.64 3.27 153 0.00) 33.8 2.88 0.11 448 
<0.10-0.26 46.7·195 3.92-6.76 0.56-6.07 52.5·328 0.002-0.004 23.0-65.2 1.76-6.32 0.07-0.19 213·858 

10 10 10 10 10 5 10 10 10 10 

• Hg-c:arKiMtratims as f!&Ig wd weilla; -mean • gcUnctlicmean; n - numba" oCindividu ... in.lyUd; nc·-rMi caliid.bIC; riil- no dIIa; 

% BID 

86 
78·90 

5 

86 
85·87 

2 

82 

79-86 

13 

81 
71·83 

8 

84 

711-83 
10 

84 
81·88 

10 

81 
79·84 

4 

84 

nd 

,-. BID 

86 

85-87 

3 

84 
83-86 

3 

8Q..BS 

83 
2 

86 

84-87 
5 

13 
82·84 

4 

84 

82-86 
5 

81 

n~ 

2 

82.3 

79·85 
3 

86 
83·88 

10 
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Table 14 

Heavy Metals in Octopus, Mantis Shrimp and Ascidians From Guam Harbor Waters (data as .... glg dry wt.) 

Species 

ocroPus 
OctOPI'S cyanca 

MANTIS SIIRlMP 
Gonodact),lIu sp. 

ASCIDIANS 

Ase,dlD sp. 
Ascidio $p. 

Ascldio sp. 

Rhopaloeo sp. 

Rhop%ea $p. 

Rhopalaea !p. 

Rhopoloea sp. 

Location (site) 

AprIl Harbor (e) 

Apra Harber (e) 

April Harbor (b) 

ApI> Harbor (e) 

Apra lIarbor (e) 

Apra Harbor (b) 

Apra Harbor (e) 

Apra lIarbor(d) 

Apra H.rbor(e) 

Date 

6-June'98 

9.June '98 

S-June '98 
9·June'98 

9.June '98 

g-Junc'98 

).J_ '98 

9-Juno'98 

9·June'98 

! 
~ 

T 
liS 

M 
G 

w 
w 
w 
w 
w 
w 
w 

Ag 

< 0.11 
4.40 

0.27 
1.43 

0 .)) 

< 0,49 

< 0.11 

< 0.81 

< 0.27 

0.27 

< 0.28 

As 

96.4 
44.3 

5.06 
4.58 

3.92 
) .05 

2.74 

3.59 

2.)1 

2.85 

2.84 

Cd 

0.06 
7.82 

0.)6 

9.11 

0.23 
0 .)6 

0.08 

0.44 

0.20 

0.13 

0.28 

• 1::11 HI COf1ca1tration. as JJ&lg ml weipa.. T - tentacle; L - liver; M · tail muscle; G - gonad; W - whole 

-.I 

'" 

--. ~ 

Table 15 

Cr 

< 0.16 
1.87 

057 
0.91 

1.0) 

5.08 

1.41 

9.65 

) .08 

1.82 

).35 

Cu 

12.1 
5680 

11.0 
)195 

558 
3.48 

3.10 

9.87 

8.57 

6.66 

6.46 

Hg* 

0.047 
0.242 

0.075 

0.085 

0.01) 

0.038 

0.011 

0.011 

0.009 

0.007 

0.017 

Ni 

< 0.18 
4.70 

< 0.2) 
< 0.81 

0.60 
< 0.71 

0.84 

2.95 

0.89 

1.64 

U2 

Pb 

< 0.31 
24.79 

< 0.39 
< 1.38 

0.54 
< 1.47 

0.64 

2.21 

2.91 

1.94 

1.06 

Sn 

0.17 
0.77 

0.09 
0.25 

0.01 
0.1) 

< 0.01 

< 0.01 

< 0.01 

< 0.01 

0.01 

_=-1 . -,- -

Zn 

69.5 
573 

125 
148 

22.8 
95.8 

15.2 

34.1 

21.6 

27.6 

20.7 

0/0 
0,0 

80 
68 

81 
75 

95 
9) 

95 

95 

95 

95 

95 

Heavy Metals in Tissues of Fish From Guam Harbor Waters (data as .... g/g dry wt.) 

Species Location (site) 

Acanrhtlnu xanthoplerus Agpna Boat Basin 

Acanthurus xanthoplerus AprIl Boat Basin 

Acanthunu xanthoptlnu AprIa Bo .. Basin 

Acanrhurus xa",hoptenu Agon. Boat Basin 

Acanlhrlflu xonlhoprenu AprIl H.rbor (e) 

AconthJlfUS xanthopleru, Apr> Harbor (e) 

Aconlhurus xanthopt,nlS Apra Harbor (e) 

Aconthunu xanlhopleru:l Apno Harbor (I) 

Aconlhunu Xilnthoplenu Apra Harbor (I) 

Aconthunu xanthopten" Apr> lIarbor (I) 

Acanrhunu xonthopleru3 Apra lIarbor (I) 

Bolisloitk3 wride:JCens Meri"" Pier 

BolbonNlopon muriro',m. Apra lIatbor (e) 

Fork 
Date Length 

(cm) 

18·Dec '98 )6 

)1·Dec'98 22 

JO·Dec'98 18 

) I·Dec '98 I4.S 

3.)"" '98 )8.0 

3·)Wl '98 )0.5 

3·) ... '98 29.0 

Il·J ... '98 16.S 

12·) ... '98 IS.S 

12·) ... '98 12.8 

12·) ... '98 11.0 

22·Dec'98 18.5 

).Jun '98 52.0 

! ., ., 
e:: 
M 
L 
M 
L 
M 
L 
M 
L 

M 
L 
M 
L 
M 
L 

M 
L 

M 
L 
M 
L 
M 

L 
M 
L 
M 
L 

Ag 

< 0.10 
< 0.10 
< 0.09 
< 0.20 
< 0.08 
< 0.)0 
< 0.1) 

< 0.90 

< 0.07 
< 0.10 

< 0.06 
0,45 

< 0.08 
< 0.09 

< 0.09 
< 0.S3 

< 0.09 
< 1.74 

< 0.12 
< 0.87 

<0.17 

nd 
0.281 
< 0.18 

< 0.08 
< 0.12 

As 

8.17 

12.1 
9.08 
2.29 
7.61 
1.49 
10.1 
0.54 

2.24 
2.77 

) .78 

2.J7 

6.38 
1.25 

9.00 
),38 

).42 

0.31 

2.56 
4.31 

6.30 

nd 

'2.4 
8.88 

4.81 

5.12 

Cd 

< 0.04 
0.72 

< 0.04 
1.44 

< 0.0) 

0.21 
0.06 

<0,46 

<0.04 
0.18 

<0.0) 
0.)2 

<0.04 
0.16 

<O.OS 
0,48 

<0.05 
< 0.69 

<0.06 
0.71 

<0.09 

nd 
0.07 

0.71 

< 0.04 
0.06 

M • muscle tissue; L - liver tissue; • • Hg OOIICOIttalioos as )J.glg Wei weight; nd · no data; wet · analysis perfOl1'Q(ld 00 wct tissue 

Cr 

< 0.1l 
< 0.15 
< 0.1l 
< 0.)1 

< 0.11 
< 0.46 

O.Jl 
< 1.)9 

< 0.17 
< 0.14 

< 0.15 
< 0.19 

<0.18 
< 0.1l 

<0.22 
< 0.73 

< 0.22 
< 1.43 

< 0.30 
< 1.19 

< 0.41 

nd 
< 0.17 
< 0.27 

< 0.18 
< 0.16 

Cu 

0,)0 

20.4 
0.)9 

17.4 
0.42 
17.2 
0.40 
10.4 
0.62 
5.3) 

).28 
97.2 

0.51 
7.01 

1.72 

)19 

2.86 
42.9 

4.00 
9.90 
5.0) 

nd 
0.79 
).4) 

2.08 
'-39 

Hg* 

0.165 
1.028 
0.024 
0.180 
0.017 
0.169 
0.065 
0.3)3 

0.265 
1.060 

0.067 
0.)56 

0.060 
0.12) 

0.018 

0.111 

0.014 
0.092 
0.0)7 
0.053 

0.035 

nd 
0.048 
0.05) 

0.022 
0.020 

Ni 

< 0.20 

< 0.16 
< 0.20 
< 0.33 
< 0.17 
<0.48 
<0.27 
< 1.39 

<0.16 
<0.16 

<0.15 
<0.22 

<0.17 
<0.15 

<O.ll 

<0.12 

<0.21 
<).65 

<0.28 
<1.35 

<0.39 

nd 
< 0.26 
< 0.29 

< 0.17 
< 0.18 

Pb 

< 0.37 
0.50 

< 0.36 
10.8 

< 0.32 
1.)2 

<0.50 
<2.70 

< 0.)5 
<0.27 

<0.)2 
<0.)8 

<0.37 
0.)2 

<0.45 
< 1.40 

<0.45 
< 6.78 

<0.61 
<2.)0 

< 0.84 

nd 
< 0.48 
< D.48 
< 0.37 
< 0.31 

Sn 

< 0.01 
0.13 

< 0.01 

0.14 
0.02 
0.07 

< 0.01 
nd 

0.06 
0.28 

0.11 
0.6) 

0.13 
0.21 

0.20 
1.91 

0.09 

nd 
0.22 
1.84 

0.40 

nd 
< 0.01 
< 0.01 

0.05 
0.18 

Zn 

8.41 
426 
12.1 
485 
8.76 
290 
10.9 
49.3 

8.31 
)94 

12.7 
4)5 

12.4 
277 

1).5 

407 

11.5 
47.9 

17.7 
214 

14.5 

nd 
24.3 
392 

20.6 
28.9 

0/0 0,0 

69 
56 
77 
73 
78 

74 
78 

W<l 

71 

50 

76 
63 

76 
58 
81 
80 

80 
W<l 

81 
8) 

80 

nd 
8l 

53 

77 
)0 



..... 
0\ Table 15 (coot.) 

Heavy Metals io Tissues of Fish From Guam Harbor Waters (data as J-lg/g dry wt.) 

Species Location (site) 

CarollX ;gnobili$ Agona Boat Basin 

Carllttr melampygus Apr> Harbor (b) 

CDrtJtIX mehlmpygus Apr. Harbor (c) 

Caran:c sexjDsclalUS Agona Boat Basin 

Caranx sexjiJsciatus Agana Boat Basin 

Crmanr sex/oscialllS Apr> Harbor (c) 

CoralU se:cfasciahtJ Apra Harbor (d) 

Cephalopholts sonneral; MenlO Pier 

CheilimlS chloro.mlls Agal Marina 

Chllllnus [luciarus Apr> H .. bor(c) 

Chellinus [aseiahU Apra Harbor (c) 

Cheilimu [asclahU Apra lIarhor (e) 

CheJluuu lrilobahu MenlO Pier 

eM/linus triloblll'U Meri",Pic< 

Fork 
Date Length 

(cm) 

30·Dec '98 26.5 

5·) .. '98 26.5 

9·)un '98 33.0 

3()"Dec'98 25 

30·Dec '98 23 

3·Jun '98 22.0 

9·) .. '98 17.0 

22·)an '99 16.5 

22·)an '99 22.5 

3·)00 '98 24.5 

3·) .. '98 24.5 

3·) .. '98 19.0 

22·Dec'98 19.5 

22·Dec'98 19 

~ 

~ 
M 
L 
M 
L 

M 
L 
M 
L 
M 
L 

M 
L 

M 
L 
M 
L 
M 
L 
M 
L 
M 
L 
M 
L 
M 
L 
M 
L 

Ag 

<0.09 
< 0.57 

< 0.07 
< 0.25 

< 0.07 

< 0.31 
< 0.09 
< O.ll 
< 0.09 
< 0.29 

< 0.07 
< 0.7. 

< 0.09 

< 0.47 
<0.15 

< 1.56 
< 0,09 

< 2.80 

< 0.08 
< 0.16 

< 0.10 

0.31 

< 0.08 

nd 
< 0.08 
< 0.29 

0.10 

< 0.18 

As 

1.60 

3.04 

0.90 

2.3S 

0.95 

3.21 
3.02 
7.15 
1.58 
2.81 

4.93 

1.78 

24.2 
2.69 
2.98 

OA6 

2A8 

0.79 

4.92 
5.41 
6.52 

4.06 
18.7 

nd 
1.65 
3.81 
2.48 
1.87 

Cd 

<0,04 

0.31 

< 0.0) 

0.54 

<0.0) 

0.53 
<0.04 

OA8 

<0.04 

1.80 

< 0.0) 

<0.29 

< 0.05 

4.76 
<0.06 
< 0.65 

< O.OS 
< 1.44 

< 0.Q4 

0.31 

< 0,05 

0.35 

< 0.04 

nd 
< 0.03 
1.51 

< 0.03 

0.83 

M - muscle tissue; L - liver tissue; • • Hg c:onocntrations as .. gig wei. wcidlt~ nd - no data; Wel. - analysis SHrlormcd 00 Wel ,issue 

• ..... ..... 

Table 15 (coot.) 

Cr 

<0.13 

< 0.87 

< 0.16 
< 0.34 

< 0.1 5 
< 0.42 
< 0.12 

< 0.20 
< 0.1l 
< OA5 

< 0.17 

< 1.00 

< 0.22 

< 0.64 
<0.20 

< 1.95 
< 0.14 

< 4.33 

< 0.20 
< 0.22 

< 0.23 
< 0.35 

< 0.20 

nd 
< 0.11 
< OA5 

< 0.12 
< 0.28 

Cu 

0.6 
12.2 

1.42 
1l.6 

1.22 

25.2 
0.64 

11.6 
0.67 

10.6 

3.24 
3.42 

3.42 

16.1 
OA5 
3.32 
0.51 

8.66 

1.85 
5.40 

0.64 
35.9 

0.62 

nd 
0.32 
9.86 
0.11 

3.78 

Hg* 

0.068 
0.112 

0.660 

0.553 

0.385 

0.557 
0.062 
0.158 
0.151 
0.227 

0.069 
0.069 

0.1l7 

0.089 

0.026 
0.010 
0.03) 

0.182 

0.140 
2.197 

0.244 

IA05 

0.152 

nd 
0.021 
0.060 

0.023 
0.051 

Ni 

<0.19 
< 0.92 

<0.15 
<0.38 

<0.15 

<0.48 
<0.19 

<0.21 
<0.19 

<OA8 

<0.16 

< 1.50 

< 0.21 

< 0.72 
<0.11 

< 1.95 
< 0.13 
< 4.33 

< 0.19 
< 0.25 

< 0.22 

< 0.40 

< 0.19 

nd 
< 0.17 
< 0.48 

< 0.18 
< 0.30 

Pb 

<0.36 

< I.S4 

< 0.33 

<0.66 

<0.32 
< 0.81 
<0.3S 

<0.36 
<0.36 
<0.19 

<0.34 
< 2.78 

< 0.45 

< 1.23 
<0.57 
<3.78 
< 0.26 

< 8AI 

< 0.41 
< 0.42 

<OA7 

< 0.68 

< 0.40 

nd 
< 0.32 
< 0.80 

< 0.33 
< 0.50 

Sn 

< 0.01 
0.07 

0.10 

1.18 
0.1l 
0.43 

< 0.01 

0.01 
< 0.01 
0.29 

0.13 
nd 

0.09 

9.67 
< 0.01 

nd 
0.01 

nd 
0.01 

0.38 

0.04 

0.69 

O.QI 

nd 
< 0 .01 
< 0.01 

< 0.01 
< 0.01 

Zn 

13 
89.9 

14.0 

102 

17.6 
154 
1l.5 

92.7 
11.7 

112 

10.8 

25.4 
13.6 

136 
12A 

23.7 
12.0 

27.8 

1l.4 

83A 

12.5 
202 

10.1 

nd 
11.0 
76A 

11.9 
31.8 

Heavy Metals io Tissues ofFish From Guam Harbor Waters (data as J-lg/g dry wt.) 

Species Location (site) 

Ctenochaenu bmota",s Apra Harbor (d) 

Clenochaenl$ sIr/anu Apra Harbor (e) 

Clenoch~IU' srriat.,s Apr> Harbor (I) 

Clenochaerus SI,,4IU$ ~tMarina 

EpiblllU$ insid;alor Apra Harbor (e) 

Eptbullu msidialor Aprallarbor (e) 

Epmephelus merrD MerizoPicr 

Gl rrer argyrells Agana Boat Basin 

Gerres 4rg),re.,s Agana Boat Basin 

Ge"es argyreus Apra Harbor (d) 

~rrflS arg)'rellS Apra Har .... (d) 

Gerrel arg),rells Apra Harbor (d) 

Gymnolhorac jovanlCIIS Apr> Harbor (b) 

Fork 
Date Length 

(cm) 

9.) .. '98 21.0 

9·Jun '98 12.5 

12·Jun '98 13.0 

22·)011 '99 12.S 

3·)Wl '98 24.5 

12·) .. '98 16.0 

22·Dec '98 24 

30·Dec '98 24 

30·Dec '98 15.5 

9·Jun '98 16.5 

9·) .. '98 15.0 

9·) .. '98 14.5 

5·) .. '98 60.0 

.. 
~ 
M 
L 
M 
L 

M 

L 
M 
L 

M 

L 

M 
L 
M 
L 
M 
\.. 
M 
L 
M 
L 
M 
L 
M 

L 
M 
L 

Ag 

<: 0.07 

< 0.23 

< 0 .16 
< 0.49 

<0. 12 

nd 
<0.21 

< 1.41 

<0.07 

<0.28 

< 0.08 
< 0.38 
<0.09 

< 1.04 
< 0.11 
< 0.40 
< 0.18 

< 3.67 

< 0.11 
4.09 

< 0.15 

< 3.26 

< 0.14 

nd 

< 0.08 

< 0.15 

As 

24.1 
13.0 

0.63 
1.42 
1.62 

nd 
5.1 7 
0.15 

5.1l 

3.10 

5.38 
1.66 

4.03 

0 .93 
7.30 
2.03 
5.68 
2.74 

15.9 
3.35 

8.00 

0.99 

4.17 

nd 
4.25 
4.38 

Cd 

< 0 .03 
0.35 

< 0.08 

0.66 

< 0.06 

nd 
< 0.11 

1.67 

<0.04 

0.20 

< 0.04 

0.21 
< 0.04 

2.74 
< 0.04 
0.66 

< 0.07 
< 1.88 

< 0.06 
1.00 

< 0.07 
< 1.30 

<0.07 

nd 

<0.0", 

0.17 

M - muscle tissue; L - livcrtissue; . .. Hgconcentrations as .. gig wei. weipt; nd · no data; wet · analysis performed on wet tissue 

Cr 

< 0.16 

< 0.31 

< 0.37 
< 0.66 

< 0.28 

nd 
< 0.34 

< 2.19 

<0.17 

<0.38 

< 0.20 

< 0.'2 
< 0.13 

< 1.61 
0.58 

< 0.62 

< 0.25 

< 5.66 

< 0.26 
< 1.36 

< 0.35 

<4.56 

<0.32 

nd 
<0.19 
< 0.21 

Cu 

0.72 

61.8 

1.71 

30.3 

2.40 

nd 
0.51 
7.07 

2.97 

7.97 

2.67 

11.6 
0 .37 

5.96 
0.33 

5.42 

0.52 
3.00 

1.48 
8.27 

1.74 

< 3.59 

0.93 

nd 

0.70 

16.9 

Hg* 

0.101 
0 .672 

0.01l 
0.050 

0.018 

nd 
0.003 
0.478 

0.361 

0.758 

0.177 

0.308 
0.116 
0.761 

0.116 
0.110 
0.082 

0.119 

0.154 

0105 

0.056 

0.101 

0.104 

nd 

0.580 
0.426 

Ni 

< 0.15 
< 0.35 

< 0.35 

<: 0.75 

< 0.26 

nd 
< 0.32 
< 2.19 

<0.16 

<0.43 

< 0.19 
< 0.59 
< 0.19 

< 1.61 
< 0.22 
< 0.66 
< 0.38 

< 5.66 

< 0.25 
< 1.54 

< 0.13 
< 6.84 

< 0.30 

nd 

< 0.18 
< 0.24 

Pb 

< 0.32 
1.66 

< 0,76 

2.08 

< 0.57 

nd 
< 0.65 
< 4.24 

<0.36 

<0.73 

< 0.41 
< 1.01 
< 0.35 
< 3.12 
< OAI 

< 1.10 
< 0.70 

< 11.0 

< 0.54 
< 2.63 

< 0.71 

< 12.7 

< 0.66 

nd 
< 0.39 
< OAI 

Sn 

0.10 
1.70 

0.16 

0.74 

0. 19 

nd 
0.07 

nd 
0.10 

1.39 

0.06 

0.83 
< 0.01 

nd 
< 0.01 

0.21 
< 0.01 

nd 
0.17 

2.20 

0.11 

nd 
0.11 

nd 
0.12 
0.71 

Zn 

9.21 
466 

10.0 
540 

11.3 

nd 
11 .8 
192 

14.2 

42.9 

11.2 
73.3 

1l.8 
5).3 

34.9 
52.8 
48.9 

73.0 

34.2 
127 

31.8 
52.5 

25.1 

nd 

31.7 
88.7 

% 8 ,0 

78 

67 

74 
63 

76 

71 
77 

68 
78 

77 

76 

wet 

77 

66 
74 
w<l 

77 

w<l 

80 
59 

80 
54 

77 

nd 
76 
51 

76 
41 

%8,0 

76 
71 

80 
77 

75 

nd 
75 
w<l 

77 

52 

78 

57 
76 

W<l 

74 

75 
79 

w<l 

77 

" 80 
w<l 

80 
nd 
79 

74 



...... 
00 Table 15 (cont.) 

Heavy Metals in Tissues of Fish From Guam Harbor Waters (data as )lg/g dry wt.) 

Species Location (site) 

Lft/ogllutlms cq.mlus Agat Marina 

Ldlhrimu rubnopercu/olIIs Agat Marina 

Lelhnmu rubrloperc"lall's l\Il.'IlZO l)iI..,. 

LUlja".(s ka.nmra Pl.k-rizo Pk.. ... 

Afonoducr),lfls orgel//ells "gana Doal Basin 

A/onodactyills argemells l\pra lIaJtmt (d) 

Alonodaclylus argetllCIIS Apra Harbor (d) 

A/ollodaclyilu orgelJums Apta Harbor (d) 

MOlloJactY/lis argenlellS Apra Harbor (d) 

Alolloducrylus argenl"lU ,\pf.II.,bof (d) 

A/otloductylus orgelltelu ,\pf.II.,bof (d) 

NOiO alJnll/alllS r\pta H.U'bor(c) 

Nasa "nicorml Apra Harbor(a) 

Naso lmll:ornis Apea Harbor (b) 

Fork 
Date Length 

(cm) 

2l·Jan'99 14 

2 I·[)"" '98 24 .5 

22·IXc '98 20.5 

22·0..:'98 13 .5 

18·[)""'98 14.5 

9')00 '98 17.8 

9,)00 '98 17.0 

9')00 '98 17.0 

9')00 '98 17.0 

9')00 '98 16.8 

9·)00 '98 16.5 

12·)00 '98 13.5 

5·)wl '98 18.5 

5·)un '98 25.0 

1I 
::l 

!= 

M 
L 
~1 

L 
~I 

L 
~I 

L 
~I 

L 
M 

L 

~I 

I. 
~I 

L 

~I 

L 
~I 

L 
~I 

L 
M 
L 

M 
L 
~I 

L 

Ag 

'" 0 18 

'" 2.26 
" 012 
c. 0.28 

« llO 

< 0.16 

..... 008 

2.32 
< 0,13 

< OA5 

, 0.09 

nd 
<: 0.07 

nd 
... 009 

5,14 

< 0.07 

0.85 

c.: 0 It 

1.31 

<.. 0.07 

nd 
, 0 .22 

1.75 

< 0.07 
2.16 

c: 0.07 

2.-13 

As 

1.39 

0 .55 

1.25 

lAI 
16.8 

7.04 

6.98 

18.1 

5.83 

2.20 

7.21 

nd 
17.7 

nd 
21.3 

9A5 
5,10 

2.52 

13,7 

12.4 

10.9 

nd 
1.64 

0.36 

0.87 

3.89 

2.50 

5.89 

Cd 

... 0 , 10 

, 1.16 

< 005 

1,90 
~- 0.0-1 

087 

<. 0.13 

0.83 

~ 0 ,05 

0.53 

.. ~ 0.04 

nd 
0;; 003 

nd 
004 

0 ,67 

< 0.04 

4 ,15 

< 0,05 

1.38 

... 0 .0) 

lid 

<. 0 .11 

... 0.70 

<. 0.04 

0.89 

.. 004 

1.97 

M .. musc1~ ,issue; l - li\'ct'tissue; • - 1-18 aJnl.:dlu:nions as I,glg Wd w..:ight~ nd ... no data; \\,,,1. '" Mllysis p,,'lfonncd on wa tissue 

I 

...... 
-0 

Table 15 (cont.) 

Cr 

<. 0.29 
< 3 -19 

0.225 

0 .44 

< 0.'5 
< 0.25 

< 0.47 
< 1,58 

< 0.18 

'- 069 

~ 0.21 

nd 
... 0.16 

n<I 
.... 0.21 

<" 0,15 

< 0.17 
<. 0.75 

... 0.25 
< 0.28 

< 0.17 

nd 
< 0.52 

... 2.45 

< 0,17 

< OAS 

< 0.17 
... 0 .16 

Cu 

0,91 

2A6 

0.42 

9,13 

0 .50 

717 

0.77 

6.86 

0 .80 

8.29 

1.55 

nd 
1.77 

lid 

1.09 

2.57 

1.63 

6.0l 

2,72 

3.28 

0.93 

nd 
7.76 

944 

2. 11 

337 

1.33 

1920 

Hg* 

0,029 

0.055 

0 .214 

0.190 

0 .042 

0.086 

oms 
0.122 

0042 

0.196 

0 ,253 

n<I 

0.195 

nd 
0.284 

0.123 

0 .265 

0 ,084 

0.180 

0 ,097 

0 .135 

nd 
0.018 

0 ,084 

0.01l 

0 .071 

0012 

0.085 

Ni 

< 0.27 
< 3..19 
< 0.15 

<: 0 ... 6 

< 0.22 

< 0.27 

< 0.70 
<:: 1.67 

< 0.26 

< 0.73 

< 0 ,19 

nd 
< 0.15 

nd 
.;: 0.20 

< 0.11 

< 0.16 

< 0.85 

< 0.24 
< 0.32 

< 0.16 

nd 
< 0.49 
< 3.67 

< 0.16 

<: 0.54 

< 0.16 

< 029 

Pb 

< O.SS 

< 6.77 

< 04G 

< 0.77 

< OAI 
<: 045 

< 1.30 

< 2.18 

<: 0.49 

< 1.22 

< 0.42 

nd 
< 0.32 

nd 
< 0.42 

<' 0 .29 

< 0.35 

< 1.45 

< 0.52 
< 0 ,55 

< 0.34 

nd 
<: 1.07 

< 6.28 

< O.Jl 
< 0.92 

< 0.34 
< 0.50 

Sn 

0.04 

n<I 
< 0.01 

002 

< 0.01 
< 0.01 

<. 001 

0.11 

< 0.01 

0.09 

0 .16 

nd 
007 

nd 
0.03 

0 .60 

0.20 

2.37 

0.11 

0.38 

0.13 

nd 
0.28 

nd 
0 ,13 

1.27 

026 

1.40 

Zn 

24.3 
)00 

11 .7 

52.6 

13.1 

375 

14.7 

61.2 

22 ,2 

69,8 

18.9 

nd 
24.7 

nd 
24,8 

28.2 

16.4 
75 ,0 

250 

39.8 

16.1 

nd 
26.1 

35.8 

13.3 

12.4 

10.6 

219 

Heavy Metals in Tissues of Fish From Guam Harbor Waters (data as )lg/g dry wt.) 

Species Location (site) 

Odemumger Ag.1tMarinn 

Porupemms burbermlfs M,,'1"IZO Pi".,. 

POl'llpenftllS borberimls MrozoPicr 

PanlpenellJ C)'CIoStOltllfl Mcrizo Pier 

Porupenells mul"/OSClal/U r..lcnzo Pier 

Sa.mdo graclils Aganl Boat BasUl 

Sa.mda gracilis Agana Boat &siu 

SOlmda grocillf Agana Boot &sin 

Sa""da gracilis Agana &01t Ibsin 

Soll,lda grlUliu r\g.1t Marina 

Sollr/do gracilis Ag;u PIolarina 

Saurida graciliS Ag;lt Mama 

So.mda l1eb'liosa Ap" lI.rho, (b) 

Sa.mda lIeblllosu MI..'Ilzo Ilk,. 

Fork 
Date Length 

(cm) 

22·) .. '99 17 

22·0..: '98 26 

22·0..;'98 16 

22·0..: '98 25 

22·0..;'98 17.5 

30·D", '98 23 

30·[).,.,'98 19,5 

30·[)"" '98 16.5 

30·0..; '98 15,l 

31·0..:'98 20 

31·0..:'98 19 

31·0..; '98 17.5 

5')00 '98 21.5 

22·D"" '98 16,5 

~ 
or 
or 

!= 

M 
I. 
~I 

I­
~I 

L 
M 
L 
M 
L 
~I 

L 
M 
L 
~I 

L 
~I 

L 
M 
L 
~I 

L 
M 
L 

~I 

L 
~I 

L 

Ag 

<. 0.12 
0,23 

0.20 

<: 0.23 

< 0 ,16 

< l .G3 
0 . 11 

1.28 

< 0.11 
< 1,39 

<;, 0,10 

1.00 

< 0,14 
~. 1 .39 

<0.23 
<. 2 21 

<. O.ZI 
3,00 

..:: 0.11 

< 0040 

<: 011 

<. I -IS 
< 0.19 
-.;,: 1.)-1 

< 007 
<. 1.09 

0.20 
<: 2.)0 

As 

47.3 

26.4 

IH 
18.4 

33.9 

9.78 

15.7 
4,92 

77.6 
13.04 

2.80 

0.69 

10.8 

9.52 

9.44 

9 ,14 

8.23 

9.25 

103 

747 
14.2 
117 

12.0 

7.96 

1.10 

0.14 
7,12 

1,78 

Cd 

< 007 

604 

< 004 

2.87 

< 0.07 

< 1.35 

<' 0.0.& 

0.94 
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2. PCBs IN HARBOR Dlar A 
PCBs consist of 209 theoretically possible congeners having different toxic and biologic 
responses. Approximately half this number accounts for almost all of the environmental 
contamination attributable to PCBs. Based on potential toxicity, environmental prevalence 
and abundance in animal tissues, the number of environmentally threatening PCBs reduces to 
about 36 (McFarland and Clarke 1989). 

The aqueous solubilities of individual PCBs range from 1-5 mgtl for monochlorobiphenyls to 
low-Ilgll, or less, for the more highly chlorinated congeners (Opperhuizen et 01. 1988, Patil 
1991). However, it is most unlikely that these solubility limits would ever be approached in 
natural waters, even in highly contaminated environments, because of the hydrophobic nature 
of PCBs coupled with their high affinity for suspended particulates, sediments, and biota . 

PCBs are ubiquitous contaminants and occur in all environmental compartments. Levels in 
open ocean waters are highly variable with reported levels ranging from <2-6 pg/I in the 
Arctic Ocean (Hargrave et 01. 1992), up to 590 pgll in the northwestern Pacific Ocean (Tanabe 
e( 01. 1984). PCB concentrations in marine coastal waters that are distanced from potential 
sources of local contamination are normally in the low ngll range (Niimi 1996). The highest 
waterborne concentrations of PCB occur near point-source discharges, with concentrations in 
the range of 50-500 ng/I (Tanabe et 01. 1989, EI-Gendy e( 01. 1991). 

World baseline levels for PCBs in clean coastal sediments are <1 ng/g whereas, in heavily 
contaminated environments, levels as high as 61,000 ng/g have been reported (Nisbet 1976). 
PCB concentrations (based on a 20-congener calibration standard) in Guam harbor sediments 
were previously found to range from <1 ng/g at Agat Marina, up to 549 ng/g at the western 
end of Commercial Port, in Apra Harbor. Localized pockets of PCB contamination were also 
encountered here, in sediments from Hotel Wharf(162 ng/g) and Dry Dock Island (153 ng/g). 
Long e( 01. (1995) estimated that adverse biological effects frequently occur in biota exposed 
to sedimentary PCB levels exceeding 180 ng/g. Thus, there are discrete areas of PCB 
contamination in Apra Harbor sediments that are of environmental concern. 

Outside the Apra Harbor area, the highest PCB concentration was found in sediments from the 
inner Agana Boat Basin area (64 ng/g). Elsewhere, levels encountered were mostly below 10 
ng/g (Denton e( 01. 1997). 

Tables 16-22 summarizes the PCB data found in biota during the present study. Each table 
presents concentrations found at 9 levels of chlorination (pCB homologues Ch-Cho) within 
each group of organisms. These values were derived using the 20-congener standard mix 
described earlier, and were summed to provide total congener estimates (tloPCB). If no 
congeners were detected then all estimates were set to zero. 

Where possible, the data are discussed below with reference to PCB levels found in the same 
or related species from elsewhere in the world. It is noteworthy that a large proportion of the 
published information centers on edible species of mollusk, crustaceans, and fish. Very little 
information of this nature exists for the other invertebrate groups considered here. As a 
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general rule of thumb, however, PCB concentrations in marine organisms from relatively 
uncontaminated regions are in the low nglg range 

All referenced data included in the following discussions are expressed on a wet weight basis 
unless indicated otherwise. 

2.1 PCBs in Algae: 
~2oPCB concentrations determined in Padilla sp. during the current work ranged from non­
detectable to \.85 nglg (Table 16). In all cases, the lower chlorinated homologues (C~z-.~14) 
predominated. Amico et af. (1982) noted similar findings w.ith macrophytes fr?m SIcIlIan 
waters. They suggested that the inability of algae to metabohze the lower chlonnated ~CB 
congeners was the primary reason for this. There are, of course, other equally plau~lble 
explanations. For example, since algae derive PCBs from the ~ater column by direct 
partitioning, it seems reasonable to assume that the lower chlonnate~ PCBs ~oul~ be 
preferentially accumulated over their higher chlorinated counterparts by virtue of their higher 
water solubilities and, hence, greater abundance in the hydrosphere. 

Macroalgae have been used very little as bioindicators of PCBs, comp.ared with the~r frequent 
use for studies of trace metals (Phillips I 986a). The reasons for thIs are not entirely clear 
because the group, as a whole, demonstrates a marked bioaccumulation capacity for PCBs and 
possess no apparent regulatory mechanisms for these compounds .. One of the best kn~wn 
studies supporting this group's bioindicator potential is that of AmiCO and co-workers cited 
above. In this study, PCBs were measured in a variety of seaweeds from the east coas~ of 
Sicily. Concentrations ranged from 37-591 nglg dry weight (--4-6? nglg on a ~et weight 
basis) and there were no major differences between the taxonomIc groups studied. The 
highest concentrations were found in algae from an area near S~acuse that was allegedly 
polluted by nearby industrial activity (Arnico et a,1. I ~82) . Pavo.m .et al (\990) conducted a 
similar study on seaweeds in the Lagoon of Vemce, m the Adn~tlc Sea, and reporte~ PCB 
levels ranging from 13-\20 lIg1g dry weight. Levels encountered m both of these studies are 
appreciably higher than we found here in Padilla sp. 

More recently, Hope et al. (in press) monitored the same 20 congeners as we did in a range of 
biota from Midway Atoll, a national wildlife refuge, in the north Pacific. An overall average 
LIOPCB concentration of 44.6 nglg dry weight was given for the brown alga, Dictyota 
aCl/tiloba. This translates to --4.5 nglg wet weight and is a little over twice the highest 
LIOPCB concentration given here for Pad ina sp. In the same paper, Hope and colleagues 
reported ~loPCB levels in sediments of \-2 ng/g, indicative of a relatively clean environment. 

2.2 PCBs in Sponges: 
Remarkably high L10PCB concentrations of 712-9,740 ng/g were found in the sponge Dysidea 
sp. from Apra Harbor (sites c, d and f). This particular sponge has a lip~d content of aro~nd 
20-30% which is at least an order of magnitude higher than most other mvertebrate species. 
Thus, ; high bioaccumulation capacity for PCBs and other lipophilic substances is not 
altogether unexpected. Nevertheless, it would be interesting to expand the database for 
Dysidea sp. and include representatives from more remote locations. 
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Residue profiles for Dysidea are shown in Fig. 6 and are dominated by C4-Ch homologues. 
This isomeric group is found in high proportions in the commercial PCB mixture Aroclor 
1254 (Hutzinger et al. 1974, Brownawell and Farrington 1986). The data therefore implies 
the existence of one or more point sources of PCB in waters bounded by the Shell Fox-I Fuel 
Pier (site c), Commercial Port (side d), and Echo Wharf (site f). The data obtained earlier 
with sediments, certainly support this conclusion (Denton et al 1997). 

~loPCB concentrations in all other species of sponge examined, although generally high, were 
less than \00 nglg (Table \7). No comparable data for sponges were found in the literature at 
the time of writing this report. Clearly, sponges are very responsive to ambient changes in 
PCB concentrations and further work should be directed towards their use as bioindicators of 
these compounds 

2.3 PCBs in Soft Corals: 
Soft corals, like sponges, are rich in triglycerides and also demonstrate a high accumulation 
capacity for PCBs. LzoPCB concentrations in Sill/daria sp. ranged from a low oD. 72 nglg, at 
Agat Marina, to a high of 4, 103 ng/g at site c, in Apra Harbor. The latter value confirms the 
occurrence of elevated PCB concentrations in the vicinity of the Shell Fox-\ Fuel Pier. 
Residues in Sillularia sp. from this site were dominated by the mid-range homologues 
common to Aroclor 1254 (Fig. 7). No comparable data for soft corals were found in the 
literature at the time of writing this report. 

2.4 PCBs in Sea Cucumbers: 
The current work revealed that PCBs in sea cucumbers are tissue dependent and appreciably 
more concentrated in the hemal system than the body wall muscle (Table \8). In Bohadschia 
argus, for example, L10PCB concentrations ranged from 0.03-\2.8 ng/g in muscle, compared 
with 0.28-66.5 nglg in the hemal system. Overall, levels in both tissues were highest in the 
Apra Harbor specimens and were dominated by CI4-Ch homologues (Fig. 8). Comparable 
ranges were determined in Holothuria atra, apart from a very high value of 1279 nglg in the 
hemal system of one specimen from Merizo Pier. 

Very little attention has been focused on echinoderms as indicators of PCBs. Everaarts et al. 
(\998) measured levels of7 chlorobiphenyls in an unnamed brittle star, from the east coast of 
Africa, and reported L7PCB concentrations of 0.07-0. 15 ng/g. Bright etal. (\995) considered 
several Arctic invertebrates to monitor 47 PCB congeners in biota from Cambridge Bay, 
NWT. Apparently the bay received local sources of PCBs in runoff from contaminated 
terrestrial sites. L47PCB concentrations measured in sea urchins by these authors ranged from 
<\.0-210 nglg. 

Hope and co-workers looked at PCBs in Bohadschia obeSlls and Holothuria atra from 
Midway Atoll and are the only other investigators known to have examined PCBs in sea 
cucumbers from the Pacific. LlOPCB estimates derived from their data were \83 and 9.36 
ng/g dry weight (- 37 and 2 nglg on a wet weight basis) for each species respectively (Hope et 
al. in press). Allowing for the fact that analysis was conducted on whole specimens, these 
values compare reasonably well with those determined by us during the current study. 
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Figure 6. Polychlorinated Biphenyls in Sponges from Apra Harbor 
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Figure 7. Polychlorinated Biphenyls in Soft Corals from Apra Harbor 
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Figure 8. Polychlorinated Biphenyls in Sea Cucumber from Apra Harbor 
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1.5 PCBs in MoUusk: 
Next to fish, bivalve mollusks are the most commonly used indicators of PCBs in aquatic 
environments (phillips 1980). Both the U.S. National Status and Trends (NS&T) program 
and the International 'Mussel Watch' (IMW) program center on the use of mussels and 
oysters for monitoring PCBs and other contaminants in aquatic environments. 

The NS&T program collects bivalves annually from numerous sites on the Atlantic, Pacific 
and Gulf coasts of the U.S., including Alaska, the Hawaiian Islands, and Puerto Rico. 
According to a recent report by Sericano et al. (1995), PCBs have been detected in all oyster 
samples since the program began in 1986. Average concentrations up to 1993, ranged from 
100-630 nglg dry weight at 15 sites, and from 10-100 nglg dry weight at all the rest. Total 
PCB levels exceeding 1,000 nglg dry weight have been reported in oysters from two IMW 
sampling locations in South America (Sericano et al. 1995). It should be mentioned here, that 
the NS&T criteria for estimating 'total' PCB is twice the sum of all detectable 
chlorobiphenyls ofan 18-congener calibration standard (O'Connor 1998). 

In the present study, 1:20PCB concentrations in oysters ranged from a low 1-2 nglg at Agat 
Marina and Merizo Pier, to a high of 47 nglg in one specimen from Dry Dock Island (site e) in 
Apra Harbor (Table 19). 1:1oPCB levels of 10-15 nglg were present in pooled oyster 
composites from beneath the Shell Fox-l Fuel Pier (site c) as well as from Agana Boat Basin. 
Concentration differences between oyster composites revealed within-site variability factors 
of3.2, 1.4 and 6.5 at Apra Harbor sites a, e, and f. Geometric mean 1::zoPCB concentrations in 
oysters at these sites were calculated at 4.6, 39.S, and 7.42 nglg respectively. The relatively 
high levels determined in oysters from Dry Dock Island support our earlier findings of PCB 
enrichment in the sediments from around this area (Denton et al. 1997). 

No comparative data were found for PCBs in chamids or spondylids outside of this study. 
From the limited data presented here, it appears that chamids have a lower affinity for PCBs 
than oysters. In contrast, spondylids and oysters seem to demonstrate similar accumulation 
capacities for these compounds and both highlight PCB-enrichment in the Dry Dock Island 
area (Table 20). 

Limited data exists for PCBs in cephalopods. Kawano et al. (19S6) determined up to 17 nglg 
(as Aroclor 1254) in whole squid from the Pacific Ocean and Bering Sea, while Everaarts et 
al. (199S) reported a mean 1:7PCBconcentration oD.O nglg for cuttlefish (Sepia sp.) from east 
African waters. In an earlier study, Monod et al. (1995) examined 6 chlorobiphenyls in 
octopus from Saint Paul and Amsterdam Islands, in the central southern Indian Ocean, and 
reported low ~CB concentrations ofS.1-19.2 nglg dry weight. This is about 2-4 nglg wet 
weight, assuming octopus is SO% water. The 1::zoPCB concentration determined in tentacles of 
octopus from Apra Harbor during the current study was 8.78 nglg (Table 21). Interestingly, 
the 6 congeners that Monod and co-workers focused on accounted for almost 70% of total 
residues quantified. 

The very high 1:20PCB levels in the liver of the Apra Harbor octopus (1271 nglg) no doubt 
reflects the high fat content of this tissue and, hence, its ability to store relatively high 
concentrations oflipophilic xenobiotics like PCBs. 
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2.6 PCBs in Crustaceans: 
Crustaceans are a comparatively well worked group in tenns of their PCB content and are 
frequently incorporated into marine pollution monitoring programs. While some notable PCB 
levels have been documented in representatives of this group, metabolic transformations of 
some of the lower chlorinated congeners has been demonstrated in certain members, and this 
could account for some of the large residue differences often observed between species (porte 
and Albaiges 1993). For example, shrimp (Parapenaeus longirostris) sampled throughout the 
Mediterranean contained PCBs in muscle tissue that rarely exceeded concentrations of 30 
nglg. In contrast, mean levels reported for crabs (Carcinus mediterraneus) from the same 
sites were as high as 1,448 nglg (Fowler 1987). As a general rule, however, PCB levels in 
shrimp, crabs and lobsters, from relatively uncontaminated waters, usually fall wel1 under 10 
nglg (Monod et al. 1995, Everaarts, 1998). Baseline data for PCBs in stomatopod crustaceans 
from similar environments are currently unavailable, but, in all probability, levels are lower 
than the value of 38.2 nglg determined in the tail muscle of mantis shrimp during the current 
investigation (Table 21). 

2.7 PCBs in Ascidians: 
~zoPCB concentrations determined in ascidians from Apra Harbor during the present study 
were low and ranged from 0.\0-3.0 nglg. Comparable data for ascidians from elsewhere, 
were not forthcoming at the time of writing this report. However, a total PCB concentration 
of 49 nglg dry weight was reported by Contardi et al. (1979) for the salp, Pyrosoma 
atlanticum. from the Ligurian Sea. This translates to -2.5 nglg on a wet weight basis, 
assuming 95% water content, and is within the range of values reported here (Table 21). 

2.8 PCBs in Fish: 
Marine fish are a valuable source of high quality protein to people all over the world. Their 
importance in this regard has been a primary driving force behind the extensive monitoring of 
edible species for PCB residues over the last 20 years. In more recent times, the popularity of 
fish as sentinel organisms for PCBs, has added greatly to the volume of published infonnation 
that currently exists for this group. 

A compilation of the reported data for PCBs in fish muscle is given in Table 6. From these 
data, it is apparent that the flesh of marine fish from relatively uncontaminated waters usually 
contains PCBs in the low nglg range. On the other hand, fish from PCB contaminated 
environments may contain levels two to three orders of magnitude higher. 

PCBs found in fish during the present study are summarized in Table 22. A total of 75 
specimens were analyzed of which 40 were from Apra Harbor, 15 from Agana Boat Basin, 8 
from Agat Marina, and 12 from Merizo Pier. !:zoPCB concentrations in axial muscle ranged 
from 0.09-85 nglg overall. Thirteen fish from Apra Harbor contained levels greater than 20 
nglg. A further 13 fish contained levels between 10 and 20 nglg and were predominantly 
from Apra Harbor and Agana Boat Basin. A similar number contained between 5 and 10 nglg 
while levels ranging from 1-5 nglg occurred in 23 fish, with representatives from all four 
harbors. All the rest had levels of less than I nglg and were exclusively from Agat Marina 
and Merizo Pier. 
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Several workers have explored the potential of fish liver as an indicator tissue for PCBs 
(Marthinsen et al. 1991, Pereira et al. 1994, and Brown et al. 1998). For this reason, the livers 
of 20 fish were analyzed during the present investigation. In all cases, !:zoPCB concentrations 
greatly exceeded those found in axial muscle (Table 22). Such differences between the two 
tissues sir,nply re~ect the liver's high~r lipid content (>50% in some cases) which greatly 
enhances Its capacity to act as a reservOir for refractory, lipophilic compounds like PCBs. 

During the c.ourse of the current work, hepatic ~zoPCB concentrations exceeding 10,000 nglg 
were foun.d 10 two fis? from Apra Harbor. The ~rst fish, Caranx melampygus. a relatively 
I~ge carruvorous species from Dry Dock Island (site e), contained 17,009 nglg in its liver. A 
shg~t1y lower v~lue of 11,346 nglg was measured in Monodactylus argelltius. a small 
omruvorous species captured at the western end of Commercial Port (site d). Chromatograms 
from both fish were not too far removed from the commercial PCB mixture Aroclor 1260 as 
shown in Figs. 9-10. It is noteworthy that PCB profiles resembling thls Aroclor "':ere 
previously identified in sediments from the Dry Dock Island area (Denton et al. 1997). 

In sharp contrast to the two fish described above, C. melampygus taken from the Hotel Wharf 
area contained PCB residues in its axial muscle that were proportionately similar to Aroclor 
1.z5~ . Once again, attention is dra~ to t~e fact that we previously observed a PCB signature 
Similar to that of Aroclor 1254 10 sediments from around this area. The axial muscle 
chromat0!Vams of C. melampygus from both sites are presented together in Fig. 11 for 
comparative purposes. 

~omparably high hepatic PCB concentrations have been reported by others and, in all 
1Ostan~es, were related to elevated environmental levels of these compounds. For example 
Marthmsen et al. (1991) found 6-8,320 nglg in two fish species from the mouth of the 
Glomma, the largest river in Norway. Similarly, levels exceeding 10,000 nglg dry weight 
were reported by Brown et al. (1998) for livers of three species of fish from various locations 
along the U.S. Pacific coast. 

2.9 Concluding Remarks: 
From the preceding discussions, it is evident that the PCB-enrichment noted earlier in 
sediments from certain locations in Apra Harbor is also reflected in the biota. However a 
comparative analysis of the data with levels found in similar and related species elsewh~re 
~ene~a1ly indicates only mild enrichment extending to moderate, in certain species at localized 
sites 10 and around the Commercial Port and Dry Dock Island areas. 

It is clear, from the literature and from the current work, that PCB concentrations in aquatic 
~rganisms c:m vary by up to a factor of lOS depending upon the species, the location and the 
tissue exammed. The Wide range of values reported here, especially for organisms from the 
same site, largely reflects inter-specific differences in lipid content. Species with the highest 
lipid conte~t c~ be expec~ed to ac~~mulate the lar~est amounts of PCBs. Thus, species 
differences 10 blOaccumulatlOn capacllies appear conSiderable, when PCB concentrations are 
determined on wet weight basis; however when based on lipid weights they are far less 
variable (phillips 1986a). Future monitoring programs are, therefore, recommended to 
express the data on both a fresh weight and lipid weight basis. 
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Figure 9. Polychlorinated Biphenyls in Fish from Apra Harbor 
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PCB Homologues in Seaweed From Guam Harbor Waters (data as ng/g wet wt.) 

Location (site) Date ChB CIJB CI4B ClsB CI6B CI7B ClaD CI9B ClloB 

Agona_ Basin 18·[)eo.98 0.69 0.00 0.00 0.00 O.OS 0.00 0.00 0.00 0.00 

Apra Harbor (a) S·J..,·98 0.00 0.00 0.00 0.00 0 .00 0.00 0.00 0.00 0.00 

ApI> Harbor (c) ]·Jun·98 0.00 0.00 0.00 0 .05 0.23 0.16 0.00 0.00 0.00 

Apr> Harbor (d) 9·J ... ·98 0.00 0.00 0.S6 O.S] 0.46 0.30 0.00 0.00 0.00 

ApI> llarbor (e) 9·Jun·98 0.00 0.S4 0.00 0.17 0.53 0 .57 0.00 0.00 0.00 

Apr> Harbor (I) 12·J ... ·98 0.47 0.00 0.00 0.00 0.16 0.13 0.00 0.00 0.00 

JI&8I Marina 21·[)eo.98 0.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mm1.OPicJ 22·[)eo.98 0.59 0.34 0 .00 0.10 0.16 0.07 0.00 0.00 0.00 
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l:20PCB 

0.74 
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0.44 

1.8S 

1.81 

0.76 
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1.26 
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Table 17 

PCB Homologues in Sponges and Soft Corals From Guam Harbor Waters (data as ng/g wet wt.) 

Species 

SPONGES 

Callyspong;o difjilso 
Clalhrio vl4lpina ? 
Clathria vilipina ? 

Dysidea $fl. 

Dys,deo sp. 

Dysideo sp. 

Lias/no cf gronulDris 
uosina cf granulorb 

SIyIotella allrontiuln 

Sly/olel/a auronfl,,,,, 

Sty/ofelia Durant;",n 

UNIDENTIFIED SPONGES 

Brown Wart Spooge 
Brown Wart Sponge 
Orange Wart SponSl' 

Yellow Bread Sponge 
Yellow Sponge (red outside) 

SOYI' CORALS 

Simllorio &p. 

Slnu/ario $po 

SinN/aria $p. 

S,",,/o,.'o sp. 

\() 
v. 

Location (site) 

Aga1 Marina 
/\gal Marina 
~'Ierizo Pier 

Apra lIarbor(o) 

Apr> Harbor (d) 

Apra lIarbor (I) 

Apru lIarbor(b) 

Apro Harbor (e) 

Apr> lI.rbor (b) 

Apra Harbor (0) 

Merizo Pier 

Apra Harbor (e) 

Apr. Harbor (I) 

Apm Harbor (e) 

Agttt Marina 
Apra lIarbor (0) 

l\pra Harbor (e) 

Apra Harbor (0) 

Agana Baal Basin 
Mcrizo Pier 

Date 

21-Dec-98 

21-Dec-98 

22-Dec-98 
3-Jun-98 

9-Jun-98 

12-Jun-98 
l-June'98 

9-Jun-98 

l-Jun-98 

9-Jun-98 

22-Dec-98 

9-Jun-98 

12-Jun-98 
9-Jun-98 

21-Dec-98 

3-Jun-98 

3-Jun-98 
9-Jun-98 

18-Dec-98 
22-Dec-98 

CI:B 

0.00 
0.71 

0.00 
367 

7.92 

610 
0.11 
0.00 

0.00 

0.00 

1.00 

0.17 
0.13 
0.00 

0.00 
0.24 

0.00 
0.48 

0.25 
2.93 

CllB 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.12 

0.00 

0.00 
1.10 

0.16 

0.08 
0.00 

0.00 
].55 

154 

1.73 
0.09 
] .]9 

CI4B 

O.S] 

0.00 

0.00 

2096 

197 

1937 
0.91 

0.58 

0.00 

0.00 

1.44 

1.24 
1.1] 

0.00 

0.92 

5.91 

1881 
7.64 
0.10 
2.05 

Table 18 

ClsB 

0.68 

0041 
0.11 

3126 
]08 

1285 

1.35 

2.65 

2.10 
3.81 

0.13 

1.44 
1.]8 

7.49 
1.28 

18.1 

1057 

10.4 
0.12 

0.27 

CI6B 

0.42 

0.19 

0.22 
2497 

146 

605 
].15 

14.9 
7.78 

24.7 

1.12 

8.05 
7.28 

42.1 
O.S] 

]6.8 

292 

18.1 
0.09 

2.88 

CI7B 

0.41 

6.67 

0.27 

1632 

52.7 
692 
].5] 

18.7 

7.52 

27.1 

9.01 

9.18 

7.14 

46.6 
0.29 

22.2 

720 
6.96 

3.07 

6004 

ClsB 

0.00 

0.00 
0.04 

22.00 

0.00 

0.00 

0.09 
0.53 

0.25 

0.86 

0.39 

0045 
0.1] 

2.02 
0.00 

0.26 

0.00 

0.04 
0.00 

0.00 

CI9B 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 
0.10 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.77 

ClloB ~oPCB 

0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.17 

0.43 

0.24 

0.61 
0.48 

0.14 

0.20 
0.62 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

2.04 

7.98 
0.65 

9740 

712 
5128 

9.32 

38.0 

17.9 
57.0 

14.7 

20.8 
17.5 

98.9 
].02 

87.1 

410] 

45.3 
] .72 

72.7 

PCB Homologues in Sea Cucumbers From Guam Harbor Waters (data as ng/g wet wt.) 

Species 

Bohadschio argus 

Bohochchio Qrgus 

/JohQdschio argus 

Bohadschio orgill 

Bohodschio orgill 

Bohadschio orglls 

H%lhuria Olro 

H%thuria afro 

H%rh"ria olro 

Ho/orh"rlo (lIra 

H%lhuriQ alro 

Holorhuria alro 

Location (site) 

Apna Boat Basin 

Apr> Harbor (b) 

Apra HIIbo< (0) 

Apno Harbor (0) 

Agat Marin. 

Menzo Pier 

Apna Boat Basin 

Apno Harbor (&) 

Menzo Pier 

Apr> IlI1bo< (e) 

Agat Marin. 
A8at Marina 

M • body well muscle lissu~ H - hemal system 

Date 
.. = 
~ 

18-Dec-98 M 

H 
l-Jun-98 M 

II 
12-Jun-98 M 
9-Jun-98 M 

H 
21-Dec-98 M 

H 
22-Dec.98 M 

H 

18-Dec-98 M 

H 
12-Jun-98 M 

H 
22-Dec-98 M 

II 
9-Jun·98 M 

H 
21·Dec-98 M 
21-Dec.98 M 

H 

CI2B CllB CI4B ClsB CI,sB CI7B ClsB CI9B ClloB l:20PCB 

0.00 

0.00 

0.00 

0042 
0.00 

0.00 

0.16 
0.00 

0.00 

0.00 
0.10 

0.00 

1.04 

0.00 
0.00 

0.00 

2.60 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.13 
0.85 

0.00 

0.00 

0.14 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

4.33 

0.00 
000 

0.00 

0.00 
0.00 

0.00 

0.41 
1.1] 

].78 

0.00 

0.00 

1.24 
0.00 

0.00 
0.00 

0.32 

0.00 

0.20 
0.00 

0.00 

0.45 
25.2 

0.39 

2.03 
0.00 
0.00 

0.00 

0.05 

2.61 

4.67 

28.0 
0.47 

0.43 

7.86 

0.00 

0.00 
0.26 

4.13 

0.07 

2.14 
0.4] 

1.40 
4.17 

646 

2.11 
2.9] 

0.00 
0.00 

0.06 

0.09 

4.66 
4.91 

25.5 

0.99 
1.52 
32.1 

0.00 

0.15 
0.40 
].31 

0.]2 

6.1] 

1.55 

7.16 

4.90 

597 

9.59 
6.02 

0.09 
0.05 

0.18 

0.12 

2.67 

2.00 
7.92 

0.69 

1.10 

21.5 

0.03 

0.12 

0.20 
0.86 

0.54 

11.9 
0.79 

2.50 
0.95 
4.05 

5.49 
1.78 
0.17 
0.09 

0.22 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.26 

lOA 
12.8 
66.5 
2.15 
] .05 
6].0 

O.oJ 
0.28 
0.86 
8.71 

0.94 
21.4 
2.77 

11.1 
10.5 
1279 

17.6 

12.8 
0.27 
0.14 

0.46 
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Table 19 

PCB Homologues in Bivalve Mollusks From Guam Harbor Waters (data as ng/g wet wt) 

Species 

OYSTERS 
SDccDJlrea CNccultua 

Soccostrea cucculalO· 
SlriostrUl myU/oides 

Slrioslreo myli/oides 

SlriOJlrea m)'filo/des 

Slrlostrea ,nytiloid,s 
StriOJIr,a myli/oides 
StriOJlrea mytiloid,s 
Slrioslreo myUloid.s 
SlrioJ,reo mytjloitHs 
SlriOSlrea mytiloJd.s 
SIriOJlr,O myliloid,s 

Slrioslr,a myUloid,s 
SlriOJtrlO mytt/oides 
SlrioJI"a myolo/d,s 
Slrloslreo ",yll/oilks 
StriOJtre4 myltloid,s 

• jUYCIlilcs 

I 

'D 
-.J 

Location (site) 

Apnt H.rbor (e) 
MaizoPiLT 

Apna Boat Basin 
Apnt Horbar (a) 

Apra Horbar(.) 

Apra Horbar(a) 

Apra Harbor (.) 
Apro Horbar (a) 

Apnt Horbar (e) 

Apnt Horbar(e) 

Apra Harbor (e) 
Apra Harbor (e) 
Apra Horbar (I) 

Apnt Horbar (I) 
Apnt H.rbor (I) 
Apra H.rbor (I) 

Agal Marina 

Date 

5-Jun-98 

22-Dec-98 

18-Dec-98 

5-Jun-98 

5-J ... -98 

5-Jun-98 

5-Jun-98 

5-Jun-98 

5-Jun-98 

9-J ... -98 

9-Jun-98 

9-Jun-98 

12-J ... -98 

12-Jun·98 

12-Jun-98 

12-Jun·98 

21-Dec-98 

Pool 

10 

7 
4 

2 
2 

2 

5 

I 
4 
6 

, 

2 

ChB CI,B CI~B ClsB CI6B CI7B ClsB CI9B ClloB l:20PCB 

0.00 

0.00 

0.48 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.82 
0.95 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0,00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 .00 

Table 20 

2.69 

0.22 

5.19 

1.37 

0.9 1 

1.27 

0.44 

0.60 

3.31 
6 ,09 

5.88 

9.31 

0.81 

2.12 

0.16 

1.97 

0.08 

8.96 

0,12 

6.'6 
5,92 

3.14 

3.93 

1.70 

2.13 
5.86 

20.14 

26.96 

30.10 

6.19 

10.18 

1.46 

7.85 

0.32 

2.56 

0.14 

1.75 

1.24 

0.73 

0.77 
0.41 

0.49 

1.11 

8.29 
6.00 

7.52 

1.15 
2.19 

0.53 

1.71 

0.80 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.05 

0.00 

0.00 

0.00 

0.00 

0.04 

0.00 

0.03 

0.04 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 .00 

0.00 

0.00 

0.00 

0 ,00 

0.00 

0 ,00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 .00 

0.00 

0.00 

0.00 

0.00 

0.03 

0.00 

0.00 

0.04 

0.00 

0.00 

14.2 

1.30 

14.7 

8.54 

4.79 

5.97 

2.60 

3.22 

10.3 

34.5 

38.8 

47.0 

8.15 
14.5 

2.23 

11.5 

1.20 

PCB Homologues in Bivalve Mollusks From Guam Harbor Waters (data as ng/g wet wt) 

Species 

CIIAMIDS 
Cheun~ brouicQ 
Chama brouicQ 

Chama lazants 
Chama lazarus 
Choma /azQnlS 

Cha,na lazarus 
Chama lazarus 
Chamo lazarus 
Chamo iazaruJ 
Choma lozonl$ 
Chama lazeuus 
Chama lazanu 
Choma lazarus 
Chama lazanu 

SPONDYLIDS 
Spondylus ? multimuricanu 
Spondylus ? lnultimllricalUs 
Spondylus ? multimuriconu 
SpondylUf ? multimuricahu 

Location (site) 

Apra H"bor (d) 
Apra H.rbor (I) 
Apro Harbor (b) 

Apro Harbor (b) 

Apro Harbor (e) 
Apnt Harbor (e) 
Apra Harbor (d) 
Apra Horbar (d) 

Ap .. Horbar(d) 

Apnt lIorbar (e) 

Apnt Harbor (e) 
Apra Harbor (I) 
Apro Harbor (0 

Mcrizo Pier 

Aalma Baal Basin 
Apra Harbor (e) 
Apnt Horbar (e) 

Agal Marina 

Date 

9·Jun·98 

12-Jun-98 

5-JIII1·98 

5·Jun-98 

5-J ... -98 

5-J ... -98 

9-Jun-98 

9-Jun-98 

9-JIIII-98 

9-Iwt-98 

9-JIII1-98 

12-Jun-98 

12-JIII1-98 

22-Dec-98 

18-Dec-98 

9-JIII1-98 

9-Jun-98 

21-Dec-98 

Pool 

2 
2 

3 

3 

2 

2 
2 

2 
2 
2 

2 

2 

4 

ClzB ChB CI4B ClsB CI6B CI7B ClsB CI9B ClloB l:20PCB 

0 ,00 

0.00 

0.00 

0.00 

0,00 

0.18 

0.15 

0 ,00 

0.00 

0.00 

0.00 

0. 11 

0.10 

0.00 

0.15 

1.92 

0.97 

0.36 

0.00 

0.00 

0.00 

0. 11 

0.11 

0.11 

0 ,00 

0.00 

0.00 

0.00 

0.00 

0.12 

0.00 

0 ,00 

1.84 

2.25 

0.00 

0.00 

1.04 

0.00 

0.00 

0.17 

0.09 

0.00 

0.00 

0.60 

0.00 

0.17 

0.56 

0.10 

0.16 

0.00 

1.14 
2.05 

3.16 

2.52 

0.81 

001 

0.07 

0.46 
0.19 

0.15 

0.24 

0.40 

1.72 

0.15 

0.82 

0.08 

0.16 

0.00 

2.29 

2.81 

4.81 

0.19 

1.05 

0.61 

0.31 

0.56 

0.34 

0.23 

0.32 

0.47 
0.00 

1.05 

3.55 

OOS2 
0.68 

0.00 

4.22 

12.61 

22.65 

0.50 

0.46 
0.47 

0.28 

0.42 

0.23 

0.15 

0.16 

0.28 

0.00 

0.96 

2.89 

0.39 

0.40 

0.29 

1.64 

8.73 

12.49 

0.63 

0.00 

0.00 

0.00 

0.08 

0.00 

0.00 

0.00 

0.05 

0.00 

0,0) 

0,10 

0.00 
0.00 

0.00 

0.02 

0.08 

0.11 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.08 

0.00 

0.00 

0 .00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.08 
0.00 

0.00 

' .36 
1.21 

0.66 

1.87 
0.95 

0 .82 

0.88 

1.78 

1.72 
2.36 

8.0 

1.32 
1.50 

0.29 

11.3 

30.5 

44.2 

4.19 
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Table 21 

PCB Homologues in Octopus, Mantis Shrimp and Ascidians From Guam Harbor Waters 
(data as nglg wet wt.) 

Species 

OCTOPUS 

OctOPUI C)'dnl" 

MANTIS SIIRlMP 
GonodQl!tyluJ sp. 

ASCiDIANS 
Ale/diD sp. 

Rhopolalta 
Rhopola." 
Rhopalaeo 

Location (site) 

Apra Harbor (c) 

Apra Harbor (0) 

Apra Harbor (e) 

Apra Harbor (b) 

Apra Harbor (c) 

Apra Harbor (d) 

T - lcnIKIe; L · liver; M - \ail muscle; W - whole 

\0 
\0 

Date 

6-Jun-9lI 

9-Jun-98 

9-Jun-98 
5-Jun-98 
3-Jun-98 
9-Jun-98 

!! .. .. 
i= 

T 
L 

M 

w 
w 
w 
w 

£:111l £:1]1l £:141l 

0_19 0.19 0.00 
0.30 6.59 15.6 

0.00 0.19 0.20 

0.00 0.00 0.00 
0.00 0.00 0.00 
0.41 0.00 0.00 
0.00 0.00 0.00 

Table 22 

£:Isll £:161l £:171l £:Isll £:~Il (;I1.1l 1:zoP£:1l 

1.70 3.75 2.87 0.07 0.00 0.00 8.11 
41.9 770 436 0.00 0.00 0.00 1211 

1.84 11.41 14.51 0.00 0.00 0.00 l8.1 

OAI 0.15 1.11 0.04 0.00 0.00 2.38 
0.00 0.01 0.03 0.00 0.00 0.00 0.10 
0.41 0.84 0.61 0.00 0.00 0.06 1.l9 
0.99 1.12 0.89 0.00 0.00 0.00 3.00 

PCB Homologues in Tissues of Fish From Guam Harbor Waters (data as ng/g wet wt.) 

Species 

AcanlhuruJ xanrhopterus 

Acanrhunu xanlhoplenl$ 

ACanlhufUJ xanlhopleMlJ 

AcanthUlllJ :canthoptftfllJ 

ACanlhunlJ xanlhopteT1lJ 

Aeonlhulll! xanthop,snu 

Acanthul1JJ :ronthopteruJ 

Acanthunl$ xtmthoptenu 

Acanthunl$ xonthop,eruJ 

Aeonthurus xanlhopleruJ 
AcanlhunlS xantltopt.rus 

BaiiJIOlda virideJeanJ 

Bo/bometopon tnl,,;cahlm 

Caronx Ignoh/lil 

Caronx melonrpyg.u 
CQTOttr mftlampyguJ 

CDfaIU uxjQJCiQlJlS 

CaraM serjOJcJatilS 
Caronx sIX/ale/aNI 

Caranx sexjiucianu 

M • muscle tissue; L · liver tissue; 

Location (site) 

Ag.ona Boat Basin 

Apna Boat Basin 
Apna Boat Basin 
Apna Boat Basin 
Apra Harbor (c) 

Apra Harbor (c) 

Apra Harbor (c) 

Apra Harbor (I) 
Apra Harbor (I) 

ApraHarbor (I) 
Apra Harbor (I) 

Maizo Pier 

Apr> Harbor (c) 

Apna Boat Basin 

Apra Harbor (b) 

Apra Harbor (0) 

ApIa Boat Basin 
Apna Boat Basin 
Apra Harbor (c) 
Apra Harbor (d) 

Date 

18-Dec-98 

30-Dec-98 
30-Dec-98 
lO-Dec-98 
l-Jun-98 

l-Jun-98 

3-Jun-98 

12-Jun-98 
12-Jun-98 

12-Jun-98 
12-Jun-98 
22-Dec-98 

3-Jun-98 

18-Dec-98 

5-Jun-98 
9-Jun-98 

lO-Dec-9lI 
lO-Dec-9S 
3-Jun-98 
9-Jun-98 

Fork 
Length 

(cm) 

36.0 

22.0 
18.0 
14.5 
38.0 

lO.5 

19.0 

16.5 
15.5 

12.8 
11.0 
18.5 

52.0 

26.5 

26.5 
33.0 

15.0 
23.0 
12.0 
17.0 

!! .. 
i:J 
M 
L 
M 
M 
M 
M 
L 
M 
L 
M 
L 
M 
M 
M 
M 
M 
L 
M 
L 
M 

L 
M 
M 
L 
M 
M 
M 
M 

£:111l 

0.98 
1.85 
0.00 
0.57 
0.00 
0.00 
0.00 
0.00 
0.00 
0.l8 
0.00 
0.36 
0.44 

0.19 
0.21 
0.00 
1.09 
0.27 
0.00 
0.62 
0.70 
0.00 
0.00 
0.00 
0.39 
0.40 
0.16 
0.00 

£:Illl 

1.78 
25.8 
0.20 
0.7S 
0.28 
1.91 
0.00 
0.14 
1.46 
0.00 
2.94 
0.00 
0.28 

0.00 

0.00 
0.00 
4.62 
0.00 
3.82 

0.24 

2.24 
0.00 
0.00 
0.20 
0.32 
0.38 
0.05 
0.00 

(;I41l 

2.33 
20A 
0.l7 
1.S4 
0.27 
18.8 
l5.9 
0.91 
1.04 
0.66 

25.8 
0.43 

1.24 

0.58 
0.53 
0.00 
12.1 
0.00 
21.6 
1.01 
5.18 
1.02 
0.00 
3.22 
0.36 
0.39 
0.24 
0.93 

£:lsIl 

5.11 
32.8 
0.09 

1.91 
0.13 
38.1 
95.8 
l.ll 
16.8 
l.02 
9l.5 
0.25 
0.94 

0.11 
0.72 
0.26 
15.0 
0.47 
29.8 
l.84 
32.1 
9.64 

2.42 
41.5 
2.19 
0.99 

2.08 
8.27 

(;I61l 

4.97 
24.8 
0.41 
0.22 
0.25 
19.2 
43.4 
5.48 
4l.0 
10.4 
288 
0.95 
1.06 

0.61 
2.60 

0.67 
128 
1.13 
272 
6.03 
42.5 
18,Ol 
20.44 
10996 
4.16 
1.60 
8.51 
8.95 

£:171l 

4.81 
12.4 
0.46 

1.13 
0.27 
6.08 
8.68 
4.20 
23.7 
1.64 
201 
0.88 
0.91 

0.84 
2.81 
0.22 
31.1 
0.62 
296 
3.93 
27.5 
11.72 
19.17 
5955 
3.02 
1.32 
5.16 
3.12 

£:Isll 

0.13 

0.51 
0.00 
0.00 
0.00 
0.19 
0.58 
0.10 
0.60 

0.13 

3.91 
0.00 
0.15 

0.04 
0.06 

0.00 
I.Sl 

0.00 
0.00 
0.14 
0.94 
0.15 
0.)3 

3.16 
O.OS 

0.00 
0.01 
0.05 

(;I91l 

0.00 
0.21 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.54 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.77 
0.00 
0.00 
0.00 
1.41 
0.00 
0.00 
2.23 
0.00 
0.00 
0.00 
0.00 

(;1108 1:20P£:8 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.06 

0.39 
0.00 
0.00 
0.00 
0.14 

0.09 
0.10 
0.00 
0.00 
0.00 
0.00 
0.00 
0.64 
0.06 

0.11 
I.Sl 
0.00 
0.00 
0.00 
0.00 

21.16 
119 
1.53 
6.11 

1.22 
85.0 
184 
14.1 
103 
21.2 
615 

2.86 
U5 

1.45 
7.13 
1.15 

255 
2.50 
623 
15.8 
114 
40.6 
43.3 

11009 
11.23 
5.08 
16.9 
21.3 



-:5 Table 22 (cont.) 

PCB Homologues in Tissues of Fish From Guam Harbor Waters (data as ng/g wet wt.) 

Species 

Cephalopholl! sonMTart 
Cheilinul chloro"n"! 
Ch.llinu! IOlC/DIN! 

Cheil/nu! [asc/alUl 
Chellinus iale/aINI 

CMilinus lrilobotul 

Ch,Jliml$ Irl/obotus 
ClenochaelUJ blnotatus 

ClenochiHlUJ nrianu 

C'enOCha'lUJ "matus 
C,.nocNuIUJ nrioIus 

EpibuluJ ins/dia,o,. 

EpibuluJ Insldia,or 
Epin'pheluJ merra 

G'"'11 argyr.tU' 

Ge~J Qrgyt'eJu 

Ge"~ arxYreuJ 
Ge~J QrgyreJu 

G,rreJ Q'lYr"u 
Gym"othor~ jovon/au 

LeiognatlruJ BqJlulu, 

L.,lrrinu! rubrioperculohlJ 

Llthri"u! n,brloperculohu 

M - muscle tissue; L - liver llssuc; 

-o -

Location (site) 

Maim Pier 
Apt Marina 

Apra Harbor (e) 

Apra Haroor(e) 

Ap .. Harbor (e) 

Mcri .. Pier 
MenlO Pier 

Apn Harbor (d) 

Apn lIarbor (e) 

Apra Harbor(f) 

ApI Marina 
Ap .. Harbor (e) 

Apn Harbor (e) 

Maim Pier 

ApIa Boat Buin 

ApIa Boat Buin 
Apra Harbor (d) 

Ap .. Harbor (d) 

Aprallarbor(d) 

Apn lIarbor(a) 

ApI Marina 
Agot Marina 

Merizo Pier 

Fork 
Date Length 

(em) 

ll-Deo-98 16.S 
l1-Jan-98 11.S 
3-Jun-98 24.S 
3-J ... -98 14.S 
3-Jun-98 19.0 

21-Deo-98 19.5 
l1-Deo-98 19.0 
9-Jun-98 11.0 

9-Jun-98 11.S 
12-J ... -98 13.0 
12-Jan-98 12.5 

3-1Wl-98 14.' 
11-Jun-98 16.0 
22-Deo-98 14.0 
30-Deo-98 14.0 

30-Deo-98 1'.5 

9-Jun-98 16.' 
9-Jun-98 1'.0 
9-Jun-98 14.' 
'-Jun-98 60.0 

12-Jan-98 14.0 

ll-Deo-98 24.' 

ll-Deo-98 10.' 

11 
~ 
M 
M 
M 
M 
M 
L 
M 
M 
M 

L 
M 
M 
M 
M 

M 
M 
M 
L 
M 
M 
M 
M 
M 
L 
M 

M 
L 

M 

Cll B 

0.38 

0.1' 
0.00 
0.23 
0.00 
0.00 

0.00 
0.11 
0.13 

0.36 
0.00 
0.38 
0.47 
0.19 
0.33 
0.00 
0.41 
2.19 
0.00 

0.37 
0.00 
0.00 
0.19 
0.00 
0.00 

0.00 
0.00 

0.40 

CIJB 

0.00 
0.00 
0.07 
0.40 
0.08 
1.69 

0.00 
0.00 
0.11 

0.00 
0.00 
0.09 
0.00 
0.07 
0.19 
0.00 
1.43 
78.8 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.14 

'.89 
0.00 

Table 22 (cont.) 

CLaB 

0.00 
0.16 
0.10 
0.10 
0.00 

'.'6 
0.00 
0.11 
1.99 

1.47 
0.00 
0.37 
0.00 
0.59 
0.17 
0.00 
1.43 

'8.0 
0.00 

0.78 
0.00 
0.00 
0.60 
1.18 

0.00 

0.00 
0.00 

0.00 

ClsB 

0.00 
0.00 
0.38 
1.16 

0.18 
21.1 

0.08 
0.40 

4.86 

'.37 
0.9' 
0.61 
0.00 
8.68 
1.89 
0.10 

1.56 
84.0 
0.15 

'.92 
1.98 
0.71 

1.09 

'.01 
0.84 

0.78 
14.2 

0.60 

Cl6B 

0.09 
0.21 
0.68 
1.76 
0.54 
38.0 

0.09 

0.'2 
' .69 

' .84 
10.6 
3.13 

0.15 

12.8 
18.6 
0.15 
2.74 
369 
0.83 

'.79 
3.98 
1.67 
2.80 
11.8 
8.99 

1.14 
71.0 
0.59 

CI7B 

0.10 
0.12 
2.64 
3.23 

1.4' 
8'.9 
0.09 
0.18 

3.51 

2.65 
11.3 

2.'1 
0.22 
4.61 
15.0 

0.2' 
1.57 
38.8 
0.60 

1.84 
2.71 
1.12 

1.63 
7.75 
8.1] 

2.14 
46.2 

0.15 

ClaB 

0.00 
0.00 
0.04 
0.05 
0.01 
0.00 

0.00 
0.00 
0.07 

0.08 
0.49 
0.06 
0 .00 
0.09 
0.39 
0.00 
0.00 
0.56 
0.00 

0.00 
0.00 
0.00 
0.02 
0.00 
0.20 

0.07 
1.5, 

0.00 

CI9B 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.\8 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.'3 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 

CI1.B ~20PCB 

0.00 0.57 
0.00 0.84 
0.15 4.07 
0.09 7.12 
0.06 2.43 

0.00 1'3 
0.00 0.26 
0.00 1.53 
0.04 16.4 

0.00 15.8 
0.60 24.2 
0.00 7.17 
0.00 0.83 
0.00 17.1 
0.21 36.8 

0.00 0.'9 
0.00 9.13 
0.00 632 
0.00 1.67 

0.00 14.7 
0.00 8.67 
0.00 3.49 
0.00 6.33 
0.18 27.0 
0.00 18.2 

0.00 '.27 
0.00 149 

0.00 1.74 

PCB Homologues in Tissues of Fish From Guam Harbor Waters (data as ng/g wet wt.) 

Species 

Lmjamu ,"uti/ira 

Monodcu:tylus orgenteuJ 

MonodactylllJ argenteul 

Monodactylil l argenteul 

Monodactylus a'8enlelll 

Monodoctylus arg~n'~us 
Monodacl),luJ argenteus 
A/onodactyl14s arg~"reuJ 
Monodactylus argenteus 

Naso annulatus 
Naw unicornls 
Naso unicornis 
Odenusmger 

Parupene'13 barberinlls 
Parupeneus barberinuJ 
Parupener13 cycloJIOmuJ 

ParuJ»neus mulli!asciarul 
SauTJda gracilis 

Saurlda gracilis 
Saurida gracilis 
Saurlda gracilis 
Saurlda gracilis 
Saurlda graclU, 
SauTJda graci/iJ 

SaurirJQ nebulosa 
Saur;da nebulosQ 

M - musclclissuc; L - liverlUauc; 

Location (site) 

Menzo Pier 
ApIa Boat Basin 
Apra Harbor (d) 

Apra Harbor (d) 

Apra Harbor (d) 

Apn Harbor (d) 

Apra Harbor (d) 

Apra Harbor (d) 

Ap .. Harbor (d) 

Apra Harbor (e) 

Apn Harbor (a) 

Apra Harbor (a) 

Apt Marina 
Menzo Pier 
Malzo Pier 
MenlO Pier 
MenlO Pier 

Agana Boat Basin 

Agana Boat Basin 
Agana Boat Basin 
Agana Boat Basin 

Apt Marina 
Apt M.rina 
Apt Marina 

Apra Harbor(.) 

MenlO Pier 

Date 

22-Deo-98 

18-Deo-98 

9-J ... -98 

9-Jun-98 

9-JlUl-9B 

9-Jun-98 
9-J ... -98 
9-Jun·98 
9-Jun-98 

12-Jun-98 

'-Jun-98 
'-Jun-98 
22-Jan-98 
21-Deo-98 
l1-Deo-98 
11-Deo-98 
21-Deo-98 
30-Deo-98 

30·Deo-98 
30-Deo-98 
30-Deo-98 
31-Deo-98 
31-Deo-98 
31-Deo-98 

'-Jun-98 
12-Deo-98 

Fork 
Length 

(em) 

13.' 
14.5 

17.8 

17.0 

17.0 
17.0 
17.0 
16.8 

16.' 

13.' 
18.5 

2'.0 
17.0 
26.0 
16.0 

2'.0 
17.' 
23.0 

19.' 
16.' 
15.5 
20.0 
19.0 

17.' 
21 .' 
16.' 

11 
::I e: 
M 
M 
M 

L 
M 

L 
M 
M 
M 

M 
M 
L 

M 
M 
M 
M 
M 
M 
M 
M 
M 
L 
M 
M 
M 
M 
M 

M 
M 
M 

CllB 

0.68 

0.41 

0.60 
0.26 
0.00 
0.36 
0.21 
0.74 
0.74 
0.00 
0 .31 

1.10 

0.00 
U 7 
0.19 
0.00 
0.30 
0.21 
0.33 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.26 

0.00 
0.00 
0.00 

CI]B 

0.11 

1.01 

0.08 
1.20 

0.19 
0.86 
0.19 
0.13 
0.13 

D." 
0.61 
3.13 

0.00 
0.06 
0.00 
0.00 
0.12 
0.00 
0.09 
0.00 
0.00 
12.1 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

CI4B 

0.20 

2.54 

080 
10.9 
2.22 
7.38 
2.06 
1.40 
1.40 
3.29 

2.34 
19.5 
1.03 
0.25 
0.38 
0.00 
0.29 
0.23 
0.00 
0.00 
0.00 
21.9 
0.00 
0.00 
0.00 
0.00 
0.26 
0 .00 
0.28 
0.00 

ClsB 

0.00 

2.64 

1.89 
61.3 

' .87 
56.7 
5.18 
3.47 
3.47 
5.20 
U, 
78.4 
0.12 
0.46 
0.36 
0.00 
0.47 
0.14 
0.60 
0.66 

0.10 
77.0 
0.22 
0.56 
0.87 
0.00 
0.11 
0.00 
1.56 

0.00 

CI6B 

0.43 

2.09 

'.11 
6394 
8.97 
2711 

18.' 
6.93 
6.93 
6.21 
9.99 
17\ 

2.2' 
1.81 
1.30 
0.33 
0.44 
0.28 
1.34 

1.63 
0.75 

203 
0.83 
2.13 
1.41 
0.32 
0.42 
0.09 
7.68 

0.03 

CI7B 

0.39 

1.54 

2.84 
4875 
].76 
1038 

9.82 
2.91 
2.91 
2.50 

' .]3 
112 

2.43 
1.33 
0.82 
0.27 
0.67 
0.10 

0.'4 
0.74 
0.69 

10' 
0.'5 
1.39 

1.43 
0.46 

0.'9 
0.12 
7.62 
0.06 

CIaB 

0.00 

0.03 

0.03 
1.70 
0.04 
1.03 
0.13 
0.00 
0.00 
0.04 
0.07 
1.50 

0.07 
0,02 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.98 
0.00 
0.0] 
0.03 
0.00 
0.00 
0.00 
0.16 
0.00 

CI9B 

0.00 

0.00 

0.00 
0.98 
0.00 
0.71 
0.00 
0.00 
0.00 
0.00 
0.00 
1.67 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

CllOB ~zoPCB 

0.00 

000 

0.00 
0.68 
0.00 
0.51 
0.00 
0.00 
0.00 
0.00 
0.00 
1.34 
0.07 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.4' 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.14 
0.00 

1.81 

10.3 

1U 
11]46 

21.0 
3817 
36.1 
15.6 

1'.6 
17.8 

24.2 
390 
6.08 

5.'1 
3.06 
0.61 

2.30 
0.96 
2.90 
3.01 
1.64 
413 
1.60 

4.11 
4.75 

0.78 
1.63 
0.1 1 
17.4 
0.09 
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3. POLYCYCLIC AROMATIC HYDROCARBONS (PAHs) IN IlARBOR BIOfA 

P AHs are a group of aromatic hydrocarbons made up of two or more fused benzene rings. 
They are released into the environment from both natural and anthropogenic sources, although 
the latter are far more important in terms of global contributions to the environment. True 
P AHs contain only hydrogen and carbon atoms and are differentiated here from polycyclic 
aromatic compounds that contain other atoms such as nitrogen, oxygen or sulfur (McElroy et 
al. 1989). 

Primary anthropogenic sources of P AHs include the burning of fossil fuels (pyrogenic P AHs) 
and accidental petroleum discharges (petrogenic PAHs). The widespread occurrence ofPAHs 
in the environment is largely a result of the former source, i.e. , the incomplete combustion of 
coal, oil, petroleum and wood (Jacobs 1995). Pyrogenic P AHs are predominantly 
unsubstituted and often referred to as 'pure' or 'parent' compounds. They consist largely of 
the higher molecular weight, 4-6 ring compounds. In contrast, petrogenic P AHs are 
predominantly low molecular weight congeners and are commonly characterized by the 
presence of alkylated derivatives of parent compounds with 2-4 aromatic rings (Law and 
Biscaya 1994). 

Ecotoxicological interest in PAHs has grown in recent years, particularly in light of fairly 
strong evidence linking them with liver neoplasms and other abnormalities in demersal fish 
species (Malins et al. 1984, 1988). Several of the higher molecular weight compounds are 
metabolically transformed in many organisms, into potent carcinogens, teratogens and/or 
genotoxic metabolites (Cerniglia and Heitkamp 1989). 

P AHs are relatively insoluble in seawater and rapidly become associated with suspended 
sediments upon entry into the marine environment. Consequently, in nearshore waters most 
P AHs are deposited in bottom sediments fairly close to their point of entry (Phillips et al. 
1992). Aqueous solubilities generally decrease with increased molecular weight and range 
from around 30 mg/l for naphthalene to about 0.3 I1g1\ for benzo(g,h,i)perylene at 25°C 
(Readman et al. 1982. Eisler 1987). P AHs with more than seven aromatic rings are virtually 
insoluble, have extremely limited biological availability and, consequently. are of limited 
environmental significance (Neff 1979). 

Concentrations of individual P AHs in the open ocean are usually in the sub-nanogram per liter 
range. Law et al. (1997) measured 15 unsubstituted PAHs in seawater from around England 
and reported total quantifiable concentrations of <1-15 ng/I in offshore samples. In coastal 
and estuarine waters, levels were between 2-3 orders of magnitude higher again. Dissolved 
P AH fractions were generally dominated by the more soluble, low molecular weight 
congeners. while the heavier compounds tended to predominate in the particulate fraction. 

Total P AH levels in uncontaminated sediments are generally less than 5 ng/g (pierce et al. 
1986, Van Fleet et aL 1986) although background levels of 10-15 ng/g have been reported for 
some unimpacted. deep-sea sediments (Hites et al. 1980). P AH concentrations in sediments 
from the Great Barrier Reef. Australia, were always <0.8 ng/g. except in small areas close to 
sites frequently visited by powerboats; in those instances, total P AH levels exceeded 13.4 
l1g/g (Smith et al. 1985). 
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In highly contaminated waters, notably estuaries, ports and harbors, sedimentary P AHs may 
exceed concentrations of 1000 l1g/g. Sediments collected near a coking facility in Nova 
Scotia in 1980, for example, contained total P AH levels of up to 2,830 l1g/g (Eisler 1987). An 
all time high of 6,000 l1g/g was reported for sediments from the creosote-contaminated waters 
of Eagle Harbor in Puget Sound (Swartz et aL 1989). 

We previously measured 16 individual PAHs in Guam harbor sediments and found total 
quantifiable levels ranging from non-detectable to 10.7 l1g/g. According to the United 
Nations Environment Program (UNEP 1994), total P AH levels of --0.5 l1g/g constitute a 
moderate degree of contamination whereas levels exceeding 10 l1g/g are classified as highly 
contaminated. In our study, only samples from Hotel Wharf and the Shell Fox-1 Fuel Pier in 
Apra Harbor fell into the latter category. Moderate contamination was encountered around 
the Commercial Port and Dry Dock Island areas. All other Apra Harbor sites were classified 
as either lightly contaminated or clean (Denton et al. 1997). 

According to Long et al. (1995), sediments with total P AH concentrations of 4 l1g/g, or less, 
pose minimal risk of adverse biological effects to resident biota. From this it would appear 
that levels encountered in and around Hotel Wharf and the Shell Fox-l Fuel Pier in Apra 
Harbor are also significant from an environmental toxicity standpoint. 

In the present study, we determined the same 16 PAHs in biotic representatives from several 
sites, including those mentioned above. The findings of the study are summarized in Tables 
23-29, together with the sum totals for all detectable residues (I:I~AH) for each organism or 
tissue analyzed. Non-detectable residues were set to zero during the summing process. 

The data are briefly reviewed in the context of previously published information from 
elsewhere. Unfortunately, little or no comparative data exists for several of the invertebrate 
groups considered here. Nevertheless, an overall review of the literature indicates that total 
PAH concentration in excess of 100 l1g/g dry weight are not unusual in aquatic organisms 
living close to point sources of P AH, such as petroleum drilling activities, oil spills or chronic 
fuel leakages. In contrast, organisms from remote or relatively unpolluted areas generally 
contain levels in the low ng/g range (Onuska 1989). Reported values for individual PAHs 
range from --0.01-5,000 ng/g dry weight (McElroy et al. 1989). In general, the highest tissue 
concentrations are displayed by organisms with high lipid content, poor P AH metabolizing 
capabilities, and distribution patterns coincident with the location of P AH sources (Kennish 
1998) 

All referenced data included in the following discussions are expressed on a wet weight basis 
unless indicated otherwise. 

3.1 PARs in Algae: 
Algae rapidly accumulate dissolved P AHs from the water column, attainin¥ steady state 
concentrations usually within 24 h (Neff 1979). Bioconcentration factors of 10 , or more, are 
not uncommon and reflect this group's inability to effectively metabolize PAHs (Eisler 1987). 
Experimental evidence suggests that uptake is related more to adsorption rather than 
absorption processes (Leversee et al. 1981). As a result, depuration is primarily the result of 
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slow partitioning from surface adsorption sites back into the water column once ambient P AH 
levels subside (Kauss et aL 1973, Soto et al. 1975). 

Algae are particularly useful indicators of petroleum spillages. Such events are typically 
characterized by an abundance of the more water soluble, low molecular weight P AHs in the 
water column. These are highly available to algae and tend to dominate tissue profiles for 
some time after the spill has passed (Farrington et al. 1983, Jones et al. 1986, and Murray et 
al. 1991). In contrast, the more hydrophobic, high molecular weight members are rapidly 
scavenged from solution by suspended particles and their biological availability is 
considerably reduced (Readman et al. 1984). 

In the current study, only very low levels of some of the higher molecular weight P AHs were 
detected in Pad ina sp. from Commercial Port (site d), Dry Dock Island (site e), and Echo 
Wharf (site f). I:16PAH concentrations ranged from 30-41 ng/g and are presumably a 
reflection of pyrogenic P AH contributions from the engine exhaust streams of watercraft in 
the area. The absence of detectable 2- and 3-ring P AHs indicated that significant fuel spills 
had not occurred at these sites in the recent past. At all other sites, levels of all P AHs 
examined were below the limits of analytical detection (Table 23). 

Few studies have focused on the PAH content of algae. Harrison et al. (1975) published a 
maximum value of 60 nglg for total P AHs in marine algae from Greenland. This value is not 
too far removed from the maximum I:I~ AH concentration reported here for Padina sp. In an 
earlier series of studies, Mallet and coworkers looked at benzo(a)pyrene levels in marine algae 
from Greenland and French Mediterranean coastal waters and found levels ranging from 
undetectable to 60 nglg dry weight (Mallet 1961, Mallet et al. 1963, Perdriau 1964). The 
highest value reported by these researchers translates to -15 ng/g on a wet weight basis and is 
approximately half the maximum benzo(a)pyrene concentration determined in Padina sp. 
during the present study. 

Levels of this particular P AH are usually no more than 1 or 2 ng/g in marine organisms from 
remote locations. In large harbors and marinas, they are typically higher and are frequently 
associated with creosoted wharf pilings, domestic and industrial sewage discharges, shipping 
wastes, crude oil and refined petroleum spills, engine exhausts, and stormwater runoff from 
sealed roads and other bituminous surfaces (Neff 1979). 

3.2 PADs in Sponges: 
I:I~ AH concentrations in the sponges analyzed were at least an order of magnitude higher 
than in Padina sp. Presumably, this reflects the relatively high lipid content of the various 
representatives looked at within this group. The fact that sponges have very limited P AH 
metabolizing capabilities may also be a contributing factor here (Kurelec et aI. 1985). 

P AH profiles were largely dominated by 4-6 ring compounds of pyrogenic origin (Table 24). 
Low levels of the 3-ringed P AH, anthracene, were detected in several species of sponge from 
Apra Harbor. However, this low molecular weight congener is a product of combustion and is 
not present in petroleum (Hellou 1996). The dominance of pyrogenic P AHs in the area is, 
therefore, confirmed and further supported by the absence of other low molecular weight 
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congeners, apart from phenanthrene, a 3-ringed compound and common component of both 
petrogenic and pyrogenic P AHs (Hellou 1996). 

We were unable to locate any comparative data for sponges from elsewhere at the time of 

compiling this report. 

3.3 PABs in Corals: . . 
I:16i' AH concentrations in the soft coral Sinularia sp. were of the same order as d~te~Ined In 
Padina sp., apart from one sample taken from underneath t~e Shell Fox-l Fuel PI~r, In Apra 
Harbor (site c) . This particular specimen had a total quantifiable PAH concentratIon of 117 
ng/g. Its P AH profiles were dominated by anthracene, fluorene and chrysene, three common 
constituents of fossil fuel combustion (Table 24). 

No comparative PAH data was found for soft corals from other parts of the world. 

3.4 PARs in Sea Cucumbers: . 
A limited number ofPAHs were detected in sea cucumbers from Apra Harbor and the Menzo 
Pier area, although there was no consistency in residue patterns between sites. Total 
quantifiable concentrations were relatively low and ranged from 26-83 ng/g (Table 25). 

Aquatic organisms can acquire PAHs from water, food and sediments. Dir~ct uptake from 
water is generally considered to be more efficient than from food or sedIment. In fa~t, 
sediment bound P AHs have only limited biological availability. Conseque.ntly, ~enthl.c 
organisms, like sea cucumbers, rarely contain higher levels ofP AHs than the sedIment I.n theIr 
immediate surroundings, even in highly polluted waters (Neff 1979). Moreover, there. IS now 
evidence to suggest that higher invertebrates like echinoderms, arthropods and anneltds, can 
metabolize P AHs whereas lower invertebrates like coelenterates and sponges generally 
cannot (James 1989). The fact that we were unable to detect any P AHs in the majority of sea 
cucumbers analyzed is, therefore, not surprising. 

Remarkably little attention has been directed towards t~e P AH ass~milatin.g capa~ity of 
echinoderms considering the intimate contact these organIsms have WIth marIne sedIments. 
Mallet et al. (1963) was unable to detect benzo(a)pyrene in an unidentified sea cucumber 
from the west coast of Greenland. However, they reported a maximum value of 126 nglg dry 
weight for this P AH in an unidentified starfish from the North Sea coast of France. In the 
present study detectable levels of benzo(a)pyrene were o?ly fo~nd in. the hemal system of 
Holothl/ria atra from the Port Authority Beach area. In thIS partIcular Instance a value of 58 
nglg was recorded. This equates to - 387 nglg when recalculated on a dry weight basis and is 
relatively high for an aquatic organism. 

3.5 PARs in MoUusks: 
From a P AH monitoring standpoint, bivalve mollusks have received far more attention t.han 
any other invertebrate group. Their popularity stems fro~ the fact that they can rapIdly 
accumulate PAHs and have little capacity for PAH metaboltsm (McElroy et al. 1989, H~lIou 
1996). Moreover, they have the advantage of being sessile and attached; hence tissue 
concentrations are a reflection of levels in their immediate surroundings. Mussels and oysters 

- 106-

are the most commonly used indicator species in P AH surveillance studies and recent data 
from the NS&T and IMW 'Mussel Watch' programs indicates that I:18PAH (and I:2oPCB) 
levels in both bivalves from the same sites agree within a factor of two (O'Connor 1992). 

O'Connor (1998) recently summarized the NS&T 1988-96 'Mussel Watch' data for 18-24 
PAH congeners in oysters and mussels from 287 U.S. coastal sites. Annual median total PAH 
concentrations ranged from 62-503 ng/g dry weight over the nine-year period. 

Earlier, Sericiano et al. (1995) produced a more comprehensive breakdown of the NS&T and 
IMW data for bivalves from the North, Central and South American coasts, between 1986-
1993. It transpired that samples from five out of 51 NS&T sites from the Gulf of Mexico 
contained I:\8P AH concentrations between 1,100 and 3,700 nglg dry weight. A further 18 
sites yielded samples with levels ranging between 100-1,000 nglg dry weight. Bivalves from 
all other sites in this region contained total P AH levels of <100 ng/g dry weight. P AH levels 
in the bivalves from 71 out of 76 IMW sites in Central and South America also fell within the 
latter range. The highest value of 1600 nglg dry weight was measured in samples collected 
near a local port in Punta Arenas, Chile. 

In the present investigation, P AHs were detected in 53% of oyster samples analyzed (Table 
26). Total quantifiable levels ranged from 15-78 ng/g and were highest in samples collected 
from underneath the Shell Fox-l Fuel Pier (site c). Phenanthrene and f1uoranthene were the 
most commonly detected congeners. Benzo(a)pyrene was identified only once, in oysters 
from Agana Boat Basin, and at a relatively low concentration of 10 ng/g. 

To permit comparisons with the NS&T and IMW data, the current findings were recalculated 
on a dry weight basis and ranged from - 100-520 nglg. These values are very close to the 
annual median ranges for U. S. coastal waters cited above and are well within the range of 
values determined by both programs. 

Total PAH levels in oysters from clean environments are usually less than 10 nglg on a fresh 
weight basis. This is inferred from the work of Pendoley (1992) who examined 16 parent 
P AHs and 8 alkalyted derivatives of napthalene and phenanthrene in oysters from a remote 
offshore location in Western Australia. Total quantifiable levels of pure and alkylated P AHs 
were 4.6 and 135 nglg respectively and were classed as being representative of an unpolluted 
environment. 

In a more recent investigation, Michel and Zengel (1998) measured 14 pure and 20 alkylated 
P AHs in the oysters from AcajutIa, EI Salvador, following two oil spill incidences. They 
reported total PAH concentrations ranging from a low of 37 ng/g dry weight (-6 nglg wet 
weight) in specimens from clean areas, up to 18,000 nglg dry weight at the most heavily 
impacted sites. Residues were primarily of petrogenic origin in all instances. 

Clearly then, while P AH levels in oysters from Guam harbors are not exactly representative of 
pristine conditions, they fall a long way short of those encountered in bivalves from heavily 
polluted waters (see Table 7). 
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No comparative data exists to evaluate the P AH levels found in chamids and spondylids 
during the present investigation (Table 27). .The limited data we have su~g~sts that their 
affinities for P AHs compare reasonably well WIth those of oysters. However, It IS well know.n 
that different species of mollusks can take up different types and levels of P AHs from theIr 
environment (Boehm et 01. 1982). 

The highest P AH levels recorded here for chamids were in specimens from the western end. of 
Commercial Port (site d). At this site, total quantifiable levels ranged from 63-783 nglg wIth 
an overall geometric mean value of 235 nglg. Such high sample variability may reflect 
individual differences in size andlor physiological condition related to gonad development and 
spawning. These variables were not accounted for during this preliminary study. 

Tissue P AH profiles in chamids from site d were dominated by phenanthrene, anthracene, 
fluoranthene, chrysene, benzo(k)fluoranthene and benzo(a)pyrene. The absence of .the low 
molecular weight homologues, in addition to the fact that phenanthrene/anthracene rattos were 
less than 10, indicates that residues were primarily of pyrolytic origin (Benlahcen et 01. 1997). 

Although numerous studies have focused on P AH levels in bivalves, we were unable to locate 
any that dealt specifically with cephalopods. Suffice t~ say, the single octop~s ~aken ~om 
Apra Harbor during the present study contained no quanttfiable levels of P AHs tn eIther ttssue 
analyzed (Table 28.). We therefore suspect that the appropriate metabolic processes ~e 
sufficiently well developed in this organism to maintain P AHs at very low levels. The sqUId, 
I1ex illecebroslIs. is certainly able to rapidly transform P AHs into polar metabolites (payne 
1976), but whether all cephalopod mollusks can do the same remains to be established. 

3.6 PADs in Crustaceans: 
Crustaceans generally show better P AH metabolizing capabilities than mollusks and other 
lower invertebrates (James 1989, Kennish 1998). However, excretion is relatively slow and 
so tissue residues tend to build up when ambient concentrations are elevated. The work of 
Sirota et 01. (1983) admirably demonstrates this. These researchers measured total PAHs in 
the American lobster, Homaros americanus, living in the vicinity of the Nova Scotia coking 
facility mentioned earlier. It will be recalled that sedimentary P AH levels peaked at 2,~30 
Ilglg. Lobsters exposed to such unusually high concentrations accumulated levels ra~gtng 
from 1.91-2.67 Ilglg and 57.3-88.\ Ilglg in their tail muscle and hepatopancreas respecttvely. 
Levels in control specimens taken some distance from the facility were 1-2 orders of 
magnitude lower. 

Total P AH levels reported for crustaceans from other areas are highly variable and range from 
<100->6,000 nglg dry weight in whole specimens (see Table 7). Among the highest levels 
encountered in edible tissue was a value of 1600 nglg for the rock crab, Cancer irroratlls from 
the New York Bight area (Humason and Gadbois 1982). 

In view of the above, it is significant to note that we were unable to detect any P AH residues 
in the tail muscle of the stomatopod, Gonodactyllls sp. from Apra Harbor (Table 28). This 
burrowing predatory species might be expected to reflect the P AH loading of the bottom 
sediments in which it lives, although sediment-sorbed P AHs have limited bioavailability as 
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mentioned earlier. Nevertheless, the stark absence of P AHs in the tail muscle of this 
specimen deserves further investigation to determine possible links between habitat andlor 
effective P AH metabolism. 

3.7 PADs in Ascidians: 
Almost nothing is known about the P AH accumulation characteristics of tunicates. What 
limited data there is suggests that certain species can metabolize these compounds while 
others clearly cannot (Kurelec e/ a/1977). In the present study, we were unable to detect any 
P AH residues in the ascidian analyzed, apart from very low levels of anthracene (3 nglg) and 
benzo(k)fluoranthene (9 nglg) in Rhopalaea sp. from site d. The fact that ascidians are 
approximately 95% water could possibly account for their apparent lack of sensitivity to 
environmental P AHs although metabolic process cannot be overruled. 

3.8 PADs in Fish: 
Fish have a well-developed enzyme system that rapidly transforms P AHs into water-soluble 
metabolites. Consequently, they accumulate these contaminants only when exposed to 
heavily contaminated environments or chronic leakages (see Table 7). Even then, they are 
able to depurate 99% of all accumulated P AHs within 24 h of uptake, once returned to clean 
water (Varanasi e/ 01. 1989). For these reasons, PAH levels in fish axial muscle are 
commonly close to or below the limits of analytical detection, even in moderately polluted 
waters. 

The results of the present survey are, therefore, encouraging. Out of 75 fish analyzed, 
quantifiable levels of P AHs were detected in the axial muscle of only 10 specimens. Levels 
ranged from 4-64 nglg with a median value of20 nglg. Tissue PAH profiles varied between 
species but, in general, were dominated by phenanthrene, followed in decreasing frequency of 
detection by: benzo(g,h,i)perylene > dibenz(a,h)anthracene > anthracene> acenaphthene and 
fluorene (Table 29). This ranking suggests exposure to P AHs of predominantly pyrogenic 
origin, with minor contribution from petrogenic sources. P AHs were not detected in any of 
the fish livers examined. 

3.9 Concluding Remarks: 
This preliminary survey generally indicates low level movement of P AHs into the biota of 
each harbor studied. The biota from Apra Harbor are particularly clean when compared with 
levels found in related species from similar sized ports elsewhere in the world. This is 
somewhat surprising considering the intensity of military and commercial shipping activities 
that go on here on a day-to-day basis. No doubt, current harbor policies aimed at preventing 
petroleum spillage and oil/water discharges from boats and ships in the area have much to do 
with this. Also, P AH degradation and volatilization rates are higher here compared with 
cooler regions, and, in all probability, is paralleled by higher P AH turnover rates in the local 
biota. Thus, the impact of a small spill on tissue P AH residues will very likely be short-lived, 
as will the telltale P AH signatures in the bioindicators of choice, once conditions return to 
normal. 
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Table 23 

PAHs in Seaweed From Guam Harbor Waters (data as J.1g/g wet wt.) 

Species Location (site) Date ~ ~ ! £00 

~ e e = ~ ~ ~ :E16PAH !2 
lEI ~ ~ ~ ~ ~ 

Podina sp. 

Padlno sp. 

Padlno sp. 

Padina lip. 

Pad/tlQsp. 

Padino lip. 

Pad/tlQsp. 

Padlno lip. 

ApIa Bcal Baain 

Apra Harbor (a) 

Apia Harbor (e) 

Apra Harbor (d) 

Apra Harbor (e) 

Apra Harbor (I) 

Apt Mlrin. 

M<ri1.O Pier 

18·Da>98 

5·Jun·98 

3·JWl·98 

9·Jun·98 

9·./un·98 

Il·Jun·98 

21·Da>98 

22·Da>98 

BDL.·~ cIdealon limiu; NC - not calaliablc 
PAH Abbreviations (in order of mol COllar weight): 

NAP NapIohalcne 
ACY AcCI1apbIhyl",. 
ACE Aan~CI1. 

FLR FlUOfalO 

PHE Phauullhrcnc 

ANT AnIhno""" 
FLU Fluonnthalc 

PYR I')=te 

---

BDl BDl BDl BDl BDl BDl BDl BDL BDL BDL BDl BDl BDL BDL BDL BDL 

BDL BDL BDL BDl BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

BDL BDL BDl BDL BDL BDL 0.016 BDL BDL BDL BDL 0.010 O.Oll BDl BDL BDL 

BDL BDL BDL BDL BDL BDL BDL BDL BDL 0.005 BDL BDL BDL 0.036 BDL BDL 

BDL BDL BDL BDL BDL BDL BDl BDL BDL BDL BDL BDL 0.030 BDL BDL BDL 

BDL BDL BDL BDL BDl BDl BDL BDL BDL BDl BDl BDL BDL BDL BDL BDL 

BDL BDL BDl BDl BDl BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

BAA 
CHR 
BBF 
BKF 
BAP 
BPE 
INP 
DBA 

B .. .,(a)onlhnane 
Chryscn. 
Bcnzo(b)fl • .......,..,. 

Bcnzo(k)n ............. 

Bcnzo(aJp)'TCll. 
Bcruo(gh.i)pal'I",. 

Indcno( 1 ,2,3-a1Jp)'TCll. 

Dib .. u( a,h joolhrac:me 

Table 24 

NC 
NC 
NC 

0.037 

0.041 

0.030 

NC 
NC 

PAHs in Sponges and Soft Corals From Guam Harbor Waters (data as J.1g/g wet wt.) 

Species 

SPONGI!S 

c.'lyspongla d/ffi'" 
Clathrlo vu/pina ? 

Clothrla vulpintl ? 
Dy3Jdea sp. 
Dy3idea sp. 
DysidUlsp. 

Llo3lna cf granu/ari1 
Lios;no if. granularil 
StylOlel14 aurantium 
Sty/olel/a Quronlium 

Stylotello ~ranlilUn 

UNIDI!NTIFII!D SPONGI!S 
_ Wart Spoogc 

_Wart Spool!" 

0nuIl!" Wart Spool!" 
Yellow Brud Spoogc 

Y dJow Spoogc (red outside) 

SOFfCORALS 
Sinularia sp. 

Sinu/arla &p. 

SlnuwriQ lip. 

Sinularla &p. 

Location (site) 

ApI. Marina 
ApI. Marina 
~tcril.O Pier 

Apia Harbor (e) 

Apra Harbor (d) 

Apra Harbor (I) 
Apra Harbor (b) 

Apra Harbor (e) 
Apra Harbor (b) 

Apia Harbor (e) 

M<ri1.O Pier 

Apra Harbor (e) 

Apra Harber (I) 

Apra Harbor (0) 

Ag/It Marina 
Apra Harbor (e) 

Apia Harbor (c) 

Apia Harbor(.) 

Agan. Bcal Basin 
Menzo Pia-

BDL - below dctec1im limits; NC - not caJwJablc 
PAH ~_(in Ofda-ofmolewlatwei/llll): 

NAP 
ACY 
ACE 
FLR 
PHI! 
ANT 
FLU 
PYR 

Date 

21·Da>98 
21·Da>98 
1l·Da>98 
3·JWl·98 
9·J ... ·98 
Il·JWl·98 
S·JWle'98 

9·Jun·98 
5.Jun·98 
9·J ... ·98 

ll·Da>98 

9.J .... 98 

12·.Jun·98 
9·Jurt·98 

21·Da>98 
3·JWl·98 

3·.Jun·98 
9·Jun·98 

18.Da>98 

22·Da>98 

Naphthalene 

Aanapb1hylcne 
AanaphlhCll. 
Fluorene -Anthracme 
Fluonnthate 
I')=tc 

~ ~ ~ ~ ! ~ ~ e e ~ 
lEI 

r;., 
lEI 
lEI ~ ~ ~ ~ ~ :E 16PAH 

BDL BDL BDL BDL BDl BDL BDL BDL O.OOl BDL BDL BDL BDL BDL BDL 0.074 
BDL BDL BDl BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
BDL BDL BDL BDl BDL BDL BDL BDL BDl BDL BDL BDL BDL BDL BDL BDL 
BDL BDL BDL BDL 0.005 BDL 0.042 BDL BDL 0.083 BDL BoL 0.035 0.449 0.084 0.024 
BDL BDL BDL BDL 0.022 0.015 0.026 BDL BDL 0.228 BDL BDL BDL BDL BDL BDl 
BDl BDL BDl BDL BDL 0.006 BDL BDl BDL BDl 0.103 BDL BDL O.lOI 0,Ol5 0.008 
BDL BoL BDL BDL BDL 0.007 BDL 0.006 0.006 0,Ol8 0.041 0.011 BDL 0.330 0.165 BDL 
BDL BDL BDL BDL BDL 0.004 0.008 0.012 0.008 0.014 0.016 0.007 BDL 0.l74 0.046 BDL 
BDL BDL BDl BDL BDL BDL 0.006 0.003 BDL 0.008 0.007 BoL BDL 0.180 BDL BDL 
BDL BDL BDL BDL BDL 0.016 BDL BDL BDL BDL BDL BDL BDL 0.151 0.044 BDL 
BDL BDL BDl BDL BDL BDL 0.006 BDL 0.030 0.546 BDL BDL BDl BDL BDL BDL 

BDL BDL BDL BDL BDL 0.013 BDL BDL 0.001 0.01S BDL BDl BDL 0.061 BDL BDL 
BDL BDl BDL BDL BDL BDL BDl BDL BDL 0.003 BDL BDL BDL 0.141 BDL BDL 
BDL BDL BDl BDL BDL BDL BDL BDL BDl BDL 0.009 BDL BDL 0.037 BDL BDL 
BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
BDL BDL BDl BDL BOL BDL 0.017 0.010 0.001 Bol 0.047 O.Oll 0.030 0.144 0.020 0.020 

BDL BDL BDl BDL BDL 0.003 0.014 BDL BDL 0.101 BDL BDL BDL BDL BDL BDL 
BDL BDL BDL BDL BDL BDL 0.007 BDL BDL BoL BDL BDL BDL BDL BDL BDL 
BDl BDL BDL BDL BDL BDL BDL 0.024 BDL BDL BDL BDL BDL BDL BDL BDL 
BDL BDL BDL BDL BDL BDL 0.041 BDL BDL BDL BDL BDL BDL BDL BDL BDL 

BAA 
CHR 
BBF 
BKF 
BAP 
BPE 
INP 
DBA 

Bcnl{. )anlhra=. 
Chryscnc 
Bcnzo(b )tluonnlhCllC 

Bcnzo(k)fluonnlh",c 

Bcnzo(. Jp)T<IIC 
BcnZO(gh.i)pal'ICIl. 

Inda>o( l.l.3-a1)P)T<IIC 
Dibml{ _.II joolhroCCllC 

0.07l 
NC 
NC 

0.72l 
0.291 
0.343 
0.595 
0.387 
0.204 
0.211 
0.58l 

0.091 
0.143 
0.046 

NC 
0.31l 

0.117 
0.007 
0.024 
0.041 
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Species 

Bohadscltia argllS 

Bohadsc/llo orgllS 

Bohodschlo arglls 

BohodschlQ argus 

Bolladschia argus 

BoJradsclllQ arg"s 

Hofothuria olra 

HoJoth""o OITa 

HoJotJuma alra 

H%t/llma alro 

1I010""',;01lIrD 

Holo/I"m" otra 

Table 25 

PAHs in Sea Cucumbers From Guam Harbor Waters (data as ).lg/g wet wt.) 

Location (site) 

Agan:a Boat BasUl 

ApcOlllarbor (b) 

r\pca Harbor (c) 

'\pra Jlarbor (e) 

Agat Marina 

M'1'i7.o PiI..'T 

r\gano Boot Basin 

,\pra Harbor (g) 

lI.tenz.o Pier 

Apea Harbor (c) 

I\gill ~1arina 

/\&01' Marina 

Date 

18-Dox-98 

5-Joo-98 

12-Joo-98 
9-Jun-9H 

21-D.:.:-98 

22-0«-98 

18-0.,.,.98 

12-Joo-98 

22-0..,.98 

9-Joo-98 

21 -Doc-98 
21-0",,"98 

.. 
" ::l 
i= 

~ z 
>-
~ 

(iii 
\.) 

< ~ 
(iii 

= Q. "" ~ 
Ill: 

~ ~ 
Ill: 

is ~ 
11:1 

~ 
11:1 
11:1 

~ 
11:1 

~ 
11:1 

< 
11:1 
.:i 

~ 
11:1 ~ 

M \lOL BDL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOl BOL BOL BOL BOL 
H BOl \lOL BOl 1l0L \lOL UOl BOL BOL BOl 1l0l 1l0l 1l0l 1l0l BOl UOL BOl 
M BDl Bill BOl BOl BOL 1l0L BOl 1l0L 1l0L BOL BOL BOl 1l0L BOL 1l0L 1l0L 
It 1l0l 1l0l BOL 1l0L 1l0L \lOL \lOL BOL BOL BOL BOl BOl BOl SOL BOL BOL 
M BOL 1l0L IlOL BOL BOL BOl 1l0l 0006 0.002 BOL BOL BOL BDl. 0.059 BOl 1l0L 
~I BOL IlOL 1l0L 1l0L 1l0L BOl BI)L BilL BOL BOL BOL BOL 1l0L BOL \lOL BOL 
11 1l0L BOL BOl BOL BOl BOL BOl BOL BOL BOl 1l0L 1l0L BOL BOl BOl 1l0L 
M BOL BilL BOL BOL 1l0l BOL BOL 1l0L BilL BOL BOL BOl BOl BOL BOL BOL 
H BOl BOL BOl 1l0L BOL IlDl BOl 1l0L BOL BOL BOl BOL BOL 1l0L BOL BOL 
~I BOl BOL 1l0L IIDL 1l0l BOL BOL BOl BOL BOL BOL BOl BOl BilL BOL BOl 
11 1l0l BOl BOL BOL BOL BOl BOL BOL BOL BOl BOL BOl BOL Bill BOl BOL 

M BOL BI)L BOL BOL BOL BOL \lOL BOL 1l0L 1l0L SOL Bill BOL BOL BOl BOl 
H BOl BI)l BOL BOl 1l0L \lIlL 1l0L IJOl IlOL IlOL BOl BOl BOl 1l0l BOl 1J0l 
M \lOL BOL 1l0L BOL BOL nOL BOl BOL BOL BOl BOl BOl BOl BOl BOl BOL 
11 1l0l BOL 1l0L BOL BOL BOL BOL 0.016 BOL OooH BOl BOL 0.058 BOL BilL BOl 
~I 1l0L BOL BOL BOl BOL BOl BOL BOl BOl BOL BOL BOl BOL BOl BOL BOL 
H BOL BOL BOL BOL 0.0 I 5 BOL 0 0 II BOL BOL BOL BOL BOL BOL BOL BOL 1l0L 
~I BOL BOL BOL BOL BOl BOL BOl BOl BOL BOL BOl BOl BOl 0.035 BOL IJOL 
11 BOL BOL BOL BOL BOl IJOl BOL BOl BOl BOL BOL BOl 1l0l IlOL BOL BOL 
M IJOL IJOl 1J0l BOL BOl BOL IJOL IJOL 1J0l IlOL 1l0L BOL BOL BOL BOl BOL 
~I IJOl BOL BilL IlIlL IlOL BOL BilL BilL BOL BOL BOL BDl. BOL BOL IJOL BOL 
II BOL BOL BOL BOL BOL IJOL IJOL 1J0l IJOL IJOL IJOL 1J0l IJOL 1l0L BOl BOL 

",·1 - body wall muscle lis5U':; H " h~al system: SOL ~ bdow dd.l).1ion limits; NC - not calculable 
PAlI ,\bbn:viations (in ord.:r ofmoh .... :ular w ... .;gtn): 

--..... 

Species 

OY~TERS 

Saccosrrea cllccfllala 
Saccostrea cuccI/lata­

Striostrea ,"),Iiloldes 
Strios.rea m)'tiloides 
Striostreu ",)'1I10ides 

S'nostrea "V'liloides 
Sinosirea mJ'riloldes 
Striostrea mYllloides 
Smostrea my,,roldes 
Slr;O$Irea my,iloides 
Smoslrea t1I)'liloldes 
Striostrltu m),lIloldes 
Strioslreu 1II)'tilOldes 
Stnoslrea myttJoldes 
SIrioslrea II/ylitoides 
Sirioslrca my,i/oldes 
Str;os,rea tltyl,/oides 

• ju\'eniles 

NAP 
J\CY 
ACE 

RR 
PHE 
ANT 
I'LU 
PYR 

Naphlhal~e 

Ao,·"ph<hl·_ 
r\t.Ulaphthl2lc 
Fluou:nc 

l'hc.3lanthr.::nc 
AnthraQ,flC 

l-luor3nihl2lc 

P}TCIlC 

BAA 
CIIR 
BBF 
BKF 
BA1' 
BPE 
INP 
DBA 

Bcnz,(a)anthraLVlc 

ChryWk: 
Iknzo(b)OUOfOUldiOlC: 

lknzo(k)f1uOfOUlthalC 

Iknzo(a)p}TI2lC 

Baizo(g,h,i)P"'T)'lw.: 

Ind.>lo( 1.2.3.a1)PI''''. 
Dihtrlz(a,h)anthraCCllc 

Table 26 

PAHs in Bivalve Mollusks From Guam Harbor Waters (data as ).lg/g wet wt.) 

Location (site) 

l\pr.lllarbor (c) 
M,-'Ilzo Pi,-'f 

Agana &.3t Basin 

l\pra Harbor (a) 

t\pr3I1arbor(a) 
Aprallarbor(a) 

ApraUorbor (a) 

ApraHarbor (a) 

Apra Harbor (c) 

,\pm Ua,bor (0) 

Apra lIarbor (c) 

Apra Harbor (c) 

Apralb,bor (I) 

.. \pta Hamor (f) 

. .>,pra Ib,bor (I) 

Apra Harbor (f) 

Agat Manna 

Dale 

5·J",,·98 
22·Doc-98 
18-0..:.98 
5-Jun-98 

5·J",,·98 
5·Joo-98 
5-Jun-98 
5-Jun-98 
5-Joo·98 
9-J..,·98 

9-Jun·98 

9.Joo·98 

12-Jun-98 
12-Joo-98 
I2-Jun·98 
12-Jun-98 

21·o.x-98 

Pool ~ :z 
>-
~ 

(iii 

~ "" ~ 
(iii 

iE ~ 
Ill: 

t ~ 
11:1 ~ 

~ 

is 
~ 
11:1 
11:1 

~ 
11:1 ~ < = .:i 5 ~ 

10 BOl 1l0L BOL BOL 0.022 0.003 0036 1l0L IJOL BilL BOL 0.011 BilL IJOL BI)L BilL 
7 

~ 

2 

2 

2 

5 

4 

6 

3 

I 

2 

BOL BOL BOL BOL 0013 BilL 0.Q21 Bill IJOL 0.007 BilL 1l0L BOL BilL IJOL BDL 
IJOL IJOL BilL BilL ooo~ BOL 0.021 IJOL BilL BOL BOl 0.012 0.010 BOL BilL IJOL 
BilL HOL IJOL 0 022 0 0 I ~ IJOL 0 013 1J0l BOL IlIlL IJOL BOL BOL 1J0l BilL BOL 
BOL BDl BOL BOL IlIlL IJOI. 0.007 BilL IJOL BilL 1l0L BOL BOL 1l0L 1J0l BilL 
BOL BilL 1l0L IJOL BilL 1l0L IJOL IlIlL 1l0l BOl BilL BOL BOl BOL IJOL BOL 
IJOL BOL BilL 1J0l IJOL BilL IJOI. BI)L BOl IJOL 0 0 15 BOL BOL BOL BOL BOL 
BOl 1J0l BilL BOL IJOI. BOL 0.009 1J0l BilL BOl 0.008 Bill 1J0l BOl BilL BOL 
Bill IJOL BOL BilL 0037 IJOL 0.041 1l0L BilL IlIlL 1J0l SOL BilL BOL BilL 1l0L 
Bill 1l0L BOL BOl BOl IJOL BOL 1l0L BOl BilL BOL IJOL BilL IJOL IJOL BOL 
BOL BOl 1l0L IJOL BilL BOL BilL BOl BOL BOL BilL IJOL BOL SOL IJOL BOL 
IJOI. BOl BilL HOL BilL BOl BOl BOl BilL IJOL BOL BOL BOL BOL BOL BOL 
IJOL 1J0l BilL 1l0l BOl BilL 1l0L IJOL BilL 1l0L IJOL BilL BOL BOL BilL 1l0L 
BilL IJOI. BOL BilL IJOL BOL 0.005 0005 BOL BOl 0.009 BOL BilL IJOL BilL BilL 
BilL 1J0l 1J0l IJIlL BOl 1J0l BilL 1l0L BOl BilL BOL IJOL BilL BOL BOl BilL 
BOL BOl BOL BOL BilL IJOL IJOL Bill IJOL BOL BilL 1l0l BOL BOL IJOL BilL 
BOL IJOl BOL IJOL BOL BOL IJOL Bill BOL IJOL IJOL BilL IJOL BDL BOL BOL 

1\1 <= lnuS(.i.: tissue; L . li\· ... ,. tissue: DDL · bl!luw d..t...uioo limits~ NC ~ not .:.ak1Jlable 
PAU Abbro!\'iatiolls (in order ofmolc...1Jlarw ... .,ght): 

NAP Naphdlal..:n.: 
ACY 
,\CE 

FlR 
()lfE 

ANT 
FLU 
PYR 

_~Cl.Tlaphdl) IWI! 

Aa::naphtll\%t.: 
Fluor..:n.: 

Ph..:nanthrwo! 

Anthr300IC 

Fluoranth~c 

P}Ta1C 

BAA 
CUR 
BBF 
BKI' 
BAP 
BPE 
fNp 

DBA 

lknz( 3 }ilntJlt3O.'1l1! 

ChrysOlC 

Ba11..o(b)nuorOlrtth~k: 

B.:nzo(k)fluorandl.:n.: 
Iknzo(a)p)T.:rtc 

B.:nzo(g..h,I)P'-T)·II!III! 

Ind~lo( 1.2,l·I.XI)pyt..:ne 
OiOOlz(a,h}anthra(U)\! 

~16PAH 

NC 
NC 
NC 
NC 

0.067 
NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 
NC 

0.081 
NC 

0.026 
0.035 
NC 
NC 
NC 
NC 

~16PAH 

0.073 
0041 
0.048 
0.049 
0017 

NC 
0.015 
0.017 
0.078 

NC 
NC 
NC 
NC 

0.019 

NC 
NC 
NC 



--~ Table 27 

PAHs in Bivalve Mollusks From Guam Harbor Waters (data as J.1g/g wet wt.) 

Species Location (site) ~ l:16PAH Date Pool ~ ~ e ~ ~ ~ 
!-o 

~ ~ ~ ~ 
III ! ~ ~ ~ ~ 

CHAMIDS 
Chanul hraJlica 

Chama brols/co 

Chama lazarus 

Chama ilJzaruJ 
Chama lazarus 

ChamD lazarus 
Chama lazanu 
Chama iazol1ls 
ChaRla lazanu 

Chama lazonu 

Chama {manu 
Chama /QZQnlJ 

Chama lozanl$ 

Chama latan" 

SPONDYLIDS 

Apra_(d) 

Apra Harbor (0 

Apra Harbor (b) 
Apra Harbor (b) 

Apr> Harbor (e) 

Apra Harbor (e) 

Apra lIarbor (d) 
Apra Harbor (d) 
Apra Harbor (d) 

Apra lIarbor (e) 

Apra Harbor (e) 

Apra Harbor (0 
Apra Harbor (0 

MaizoPier 

9·Jun·98 
12·Jun·98 
5·J..,·98 
5·Jun.98 
5·Jun·98 
5·Jun·98 
9·Jun·98 
9·Jun·98 
9·Jun.98 
9·Jun·98 
9·J..,·98 
12·Jun-98 
12·Jun·98 
22·Dcc-98 

Spondyltu ? lIudnmuricatuJ AgMI BoalBuin 18·Deo-98 
SpondyIus? mulnmurlClJhU Apra Ilubor (c) 9·Jun·98 
Spondy/uJ? nlullimuricatus Apra Harbor (c) 9-100-98 
Spondyl.u? multimuricatUJ AptMlrina 21-Dco-91i1 

DDL • below detection limits~ NC . nca calwlable 
PAH A1Jbrcvi ...... (in ordo- of molecular wcitIfU): 

-v. 

NAP 
ACY 
ACE 
FLR 
PIlE 

ANT 
FLU 
PYR 

2 

2 
) 

) 

2 
2 
2 

2 
2 

2 
2 

I 

2 

4 

BOL BOL BOL BOL 0.049 0.Q35 0.04) BOL BOL 0.0)0 BOL 0.052 0.050 BOL BOL BOL 
BOL BOL BOL BOL BOL 0.020 BOL 0.005 BOL BOL BOL BOL BOL BOL BOL BOL 
BOL BOL BOL BOL BOL BOL 0.014 BOL BOL BOL 0.009 BOL BOL 0.026 BOL BOL 
BOL BOL BOL BOL 0.005 BOL 0.025 BDL 0_004 BOL 0.008 0.007 BOL 0.07) BOL BOL 
BOL BOL BOL BOL BOL BOL BOL 0.00) BOL BOL 0.007 BOL BOL BOL BOL BOL 
BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
BOL BOL BOL BOL O.Ol7 0.004 BOL BOL BOL BOL BOL 0.019 0_01) BOL BOL BOL 
BOL BOL BOL BOL 0.071 0.011 0.025 BOL BOL 0.021 BOL 0.0)0 0.028 0.021 0.028 BOL 
BOL BOL BOL BOL 0.259 BOL 0.) 15 BOL BOL 0.044 BOL 0.071 0.047 0.000 0.047 BOL 
BOL BOL BOL BOL BOL BOL 0.007 0.005 0.00 I BOL BOL BOL BOL BDL BOL BOL 
BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 0.009 BOL BOL BOL BOL BOL 
BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 0.15) BOL BOL BOL 
BOL BOL BOL BOL 0.004 BOL 0.012 0.009 BOL 0.00) BOL BOL BOL BOL BOL BOL 

BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BDL 0.011 BOL BOL BDL 
BOL BOL BOL BOL BOL BOL 0.008 BOL BOL BOL BOL BOL BOL BOL BOL BOL 
BOL BOL BOL BOL 0.014 0.00) BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 

NapIlIhalcnc 
Acalaplnhylcnc 
Acalapillhene 
FluOJUlC 
Phcnanlhrcnc 
Anlbraocne 
Fluonnthcne 

Pyrcn. 

BAA 
CHR 
BBF 
BKF 
BAP 
BPE 
JNP 
OBA 

Benz{ a)anlluo ..... 
Chryscne 

BenlD{b)lJu""""""'" 
BenZD(k)nuoranthal. 
Benzo(a)pyrcne 
Benzo(&h,iJpay ..... 

Indcno(l.2.1-ol)pyrcne 
Oibcnz{ a,h )anthracene 

Table 28 

0.259 
0.024 
0.048 
0.122 
0.010 
NC 

0.06) 
0.2)8 
0.783 
0.012 
NC 

0.009 
0.15) 
0.028 

NC 
0.011 
0.008 
0.016 

PAHs in Octopus, Mantis Shrimp and Ascidians From Guam Harbor Waters (data as J.1Wg wet wt.) 

Species 

OCTOPUS 

OCIOpU~ C)1QnMl 

IllANTiS SHRIMP 
Gonodactylu3 &p. 

ASCIDIANS 
A3Cid,Q sp. 

Rhopou..o 
Rhopa/aea 

Rhapa/Qea 

Location (site) 

Apra Harbor (e) 

Apra Harbor (e) 

Apra Harbor (.) 
Apra Harbor (b) 
Apra Harbor (e) 

Apra Harbor (d) 

Date 

6·Jun·98 

9·Jun·98 

9·Jun·98 
5·Jun·98 
)·Jun·98 
9·.kuI·98 

~ ~ ~ ~ ~ 
!-o 

~ ~ ~ ~ ~ !:i 
I.l 

r.. 
III 
III ~ ~ ~ ~ ~ l:16PAH 

T 
L 

M 

BOL BOL BOL BOL BOL BOL BOL BOL SOL BOL BOL BOL BOL BOL BOL BOL 
BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 

BOL SOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 

W BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL SOL 
W BOL BOL BOL BOL BOL BOL BOL BOL SOL BOL BOL BOL BOL BOL BOL BOL 
W BOL BOL BOL BOL BOL BOL BOL BOL SOL BOL BOL BOL BOL BOL BOL BOL 
W BOL BOL BOL BOL BOL 0.00) BOL BOL BOL BOL BOL 0.009 BOL BOL BOL BOL 

NC 
NC 

NC 

NC 
NC 
NC 

0.012 

T • tentacle; L - liver; M - uil nu.t5clC; W - whole; BOL - below d4cction limits; NC - not calaallble 
PAH AbbrcviatiOllJ (in ordo- of ... lecular weighl): 

NAP 
ACY 
ACE 
FLR 
PIlE 

ANT 
FLU 
PYR 

NapIlIha_ 
Acalaphlhylenc 
AccnaphIh<nc 
Flu ...... 
PbcnanthraJc 

ArlIhnIocnc 
F1uoranth"", 

Pyrcne 

BAA 
CHR 
BBF 
BKF 
BAP 
BPE 
JNP 
OBA 

Bcnz{a~e 

Chryocne 

BenlD{b )lluoranthene 
BenZD(k)lluoranthal. 
Benzo(a)pyrcne 
Bcnzo(s,h.iJpay ..... 

Indcno( 1.2.)-oI)pyrcne 
Oibcnz{ a,h )anlhraccne 
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Species 

Acanthunu xDn,hoplenu 

Acanth"1Ul xonthoptenu 

Aconthurus :ulnthopterus 

ACllnlhunu :mnthopknu 
AClmlhurus xanlhopteru: 

AconlhunlJ XOnlhoplerus 

AcalUhufUS XDIf,hopleruJ 

AcanrhufUS xonthopterus 
Acomh.l11lJ xonthopterus 

Acanthunu xanlhoplenu 

AconthuTU.l xo",hopfenu 
BolislDilks vlrlMscens 

BolbOlntllopon mllr/camm 

Caranr IgnobiliJ 

CQI'Dnx melompygus 
Caranx melampyguJ 

Caranr suj'OJCiotus 

Coronx sa{osciotus 

CtuQIIX se:xjQsclonu 

Coranx J4XfiucialUJ 

Table 29 

PAHs io Tissues of Fish From Guam Harbor Waters (data as J1g/g wet wt.) 

Location 
(site) 

Date 

Apn. Bo.Uwin 18·0..-98 

Apn. Boat Basin 30·0..-98 
Apna Boat Buin JO.J>oo.98 

Apna Boat Basin JO.J>oo.98 
Apra Hari>or (e) 3.J.n.98 

Apra Horbor (e) 3·)1111·98 

Apra Horbo< (e) )·),.,·98 

Apra H.rboc (0 11·)1111·98 
Apra Harboc (I) 11·)1111·98 

Apra H.rboc (I) 11·Jun·98 
Apra Hari>or (I) 11.Jun.98 

Malzo Pier 1l~Deo-98 

Apra H.rbor (e) 3·Jun·98 

Apna Boat Basin 18.J>oo.98 

Apra H.rboc (b) 5·)1111·98 
Apra Harboc (e) 9·)1111·98 

Apna Boat Basin )0·J>oo.98 
Apna Boat Basin )0·0..-98 
Apra Harboc (e) )·),.,·98 

Apra H.rboc (d) 9·Jun·98 

Fork ~ 
Length B 

(em) j::: 
~ ~ 

101 
t.I 
< ~ 

!-o 

~ E ~ ~ ~ 
t.I 5 ~ ~ ~ = : : 

~ 

36.0 

11.0 
18.0 

14.5 
38.0 

30.5 

29.0 

16.5 

IS.S 

11.8 
11.0 
18.5 

51.0 

16.5 

16.5 
)).0 

15.0 
1).0 

11.0 

17.0 

~I BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
L BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
L BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
L BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BDL BOL BOL BOL BDL 
L BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL 0.008 0.009 0.044 0.00) BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
L BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
L BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
L BOL BOL BOL BOL BOL BDL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
L BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BDL BOL BOL BOL BOL BOL BOL BOL BOL 
~I BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 

M - muscletiuue; L · liver tissue', SOL - below ddec:tico limits~ NC - nal calculable 

..... 

Species 

Cephalopholillonnerali 

Cheilinlll chlorounlll 

ehe/linus flUc/alUl 

Cheilinll3 jalciahu 

Chei/inlll jalc/atul 

Chellinlll trllobatul 

CheWnlll trilobatuJ 

C,enochaetuJ binotolllJ 

C'enochaehl8 slrialUs 

C/enachaeflls l/rialll3 

C"nochaetus slriatus 

Epfbllills inJld/otor 

EpiblllllS ins/dialor 

Epinephellu merra 

GerTes argyrells 

GttrTes orgy,.,.s 

GerTes argyreUJ 

GerTes argyrttus 

Gerrelorgyreus 

GymnolhoraxjQwmicuJ 

LeiogfUlliws ~ullius 

Lerhrinu3 rubrioperculatus 

Lelhrinlls rubriop6rculatus 

Table 29 (coot.) 

PAHs io Tissues of Fish From Guam Harbor Waters (data as J1g/g wet wt.) 

Location 
(site) Date 

Fork !J 
Length ::l 

(em) j::: 
~ ~ tl 

< ~ 
!-o 

~ 
101 

IE ~ E ~ e r.. 
I: ~ : ! 5 ~ 

Men", Pia: 11·0..-98 16.5 

Apt Marin. 11·) ... 98 11.5 

Apra Hari>or(e) 3·Jun·98 14.5 

Apra Hari>or (e) )·) ... ·98 14.5 

Apra H.rboc(e) )·)1111.98 19.0 

Maizo Pi... 11·J>oo.98 19.5 
Men", Pi« 11·J>oo.98 19.0 

Apra Harboc(d) 9·.ko1·98 21 .0 

April Hari>or (e) 9·)1111.98 12.5 
Apra Harboc (0 11·.ko1·98 13.0 
Apt Marina 11·Jao·98 11.5 

Apra Harboc(e) )·Jun·98 14.5 

Apra Hari>or(e) 11·.ko1.98 16.0 
Men", Pi... 21·J>oo.98 14.0 

Apn. Boat Basin )0·J>oo.98 14.0 

Apna Boat Basin )0·J>oo.98 IS.S 

Apra Harboc(d) 9·) ... ·98 16.5 
Apra Harbor (d) 9·)1111·98 15.0 
Apra Harboc (d) 9·)1111·98 14.5 
Apra Hari>or (a) 5·) .... 98 60.0 

Apt Marina 11·Jan.98 140 

AptMarina 21·J>oo.98 14.5 

MenlO Pi... 11·J>oo.98 10.5 

M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BDL BOL BDL BOL BDL BOL BOL BDL 
M BOL BDL BDL BDL BOL BOL BOL BOL BOL BOL BDL BOL BOL BOL BOL BOL 
~I BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
L BOL BOL BOL BOL BOL BOL BOL BOL BDL BOL BOL BOL BOL BDL BOL BDL 
M BOL BOL BOL BOL BOL BOL 
M BOL BOL BDL 

BOL BOL BOL BOL BOL BOL BOL BDL BOL BOL 
BOL BDL BOL BOL BOL BDL BOL BOL BOL BDL BDL BOL BDL 

BDL BOL BOL 0.005 BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
L BOL BOL BOL BOL BOL BOL BOL BOL BDL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BDL BOL BOL BOL BOL BOL BOL BDL BOL BDL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BDL BOL BOL 
~I BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BDL BOL BDL 
M BOL BOL BOL BOL BOL BOL BOL BOL BDL BOL BOL BOL BOL BOL BOL BOL 
M BOL BDL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
L BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BDL BOL BOL BDL BOL BDL BOL BDL BOL BOL BDL BOL BDL BDL BOL BDL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
~I BOL BOL BOL BOL BOL BOL BDL BOL BOL BOL BDL BOL BOL BDL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BDL BOL BDL BOL BOL BDL BOL BOL BOL BDL 
L BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BDL BOL BDL 
M BOL BOL BOL BOL BDL BOL BDL BOL BDL BDL BDL BOL BOL BDL BDL BOL 
M BOL BOL BDL BDL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 
L BOL BOL BOL BOL BOL BOL BOL BOL BDL BOL BOL BOL BOL BOL BOL BOL 
M BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL BOL 

M BOL 

M· musdew.=. L· li_w.=. BOL · below .......... limits: NC - notcakulable 

l:16PAH 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC 
0.064 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

l:16PAH 

NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 

0.005 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 
NC 
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PAHs io Tissues of Fish From Guam Harbor Waters (data as J.lg/g wet wt.) 

Fork .. 
Species 

Location 
(site) Date Length.; ~ 

(cml E-o 
~ !:l 

< ~ ~ ~ ~ 5 e !:! = ~ II6PAH E : i ~ ! 
i.M1jDIWS kDJmirQ 

MonodoctyJUJ argenr.u.f 

Monodactylus GrgenteUJ 

MonodoctylUJ argent.UJ 

Monodactylus argenteu: 
Jr/onodacryJuJ argenleus 

Monodactylll! QTgenleJI3 

Monothlcty!uJ argenleus 
MonodactyluJ argenlel13 

NOJJ) onnukmll 
NoJO unlcorn/s 
NaJo unlcorn;s 
Od,mlS niger 

Porupen.uJ borberinuJ 
Pantpe",II.J barherinu! 

Pa11lpeneuJ cyclostomuJ 

POl1lpeneus multi[asciatus 
Saurlda gradlis 

Saurida gracilis 
Saurid" gracilis 
Sourid" gracilis 
SDurld4 grocilis 
Saundo gracilis 

Saur/do gracilis 
Saund" neb,dosa 
Sourid" n,bu/oJa 

Mcrim Pia- 22·!)co.98 

Apna Boat Basin 18·!)co.98 

Apra Harbor (d) 9·Jun·98 

Apra Harbor (d) 9·Jun.98 

Apra Harbor (d) 9·Jun·98 
Apra Harbor (d) 9·J08·98 
Apra Harbor (d) 9·Jun·98 
Apra Harbor (d) 9·Jun·98 
Apra Harbor (d) 9·Jun·98 

Apra Harbor (e) 12·Jun.98 
Apra Harbor (0) S·J .... 98 
Apra Harbor (a) S·J08·98 

Agol Marin. 22·J .. ·98 
Menzo Pia- 22·!)co.98 
Merizo Pi« 22·!)co.98 
Merizo Pier 2l·1leoo98 
MenlO PiCC' 22·J>co..98 

Apna Boat Basin 30·!)co.98 

Apna Boat Basin 30·!)co.98 
Apna Boll Basin 30·!)co.98 
Apna Boat Basin 30·!)co.98 

i\gIl Marilla 31·!)co.98 
i\gIl Marin. 31·!)co.98 
i\gIl Marin. 31·!)co.98 

Apra Harbor (a) S·J08.98 
Maizo Pia- 22·!)co.98 

13.5 

14.5 

17,8 

17.0 

17,0 
17.0 
17.0 
16.8 
16,5 

Il.S 
18.5 
25 .0 

17.0 
26.0 
16.0 
25.0 

17.5 
2].0 

19.5 
16,5 

15.5 
20.0 
19,0 
17.5 
21.5 

16.5 

M BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
M BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
M BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
L BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
M BDL BDL BDL DDL 0.007 BDL BDL BDL BDL BDL BDL DDL BDL BDL BDL BDL 
L BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
M BDL BDL BDL BDL 0,004 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
M BDL BDL BDL BDL 0.009 BDL BDL BDL BDL BDL BDL BDL BDL 0.010 0.019 BDL 
M BDL BDL BDL BDL BDL BDL BDL DDL BDL BDL BDL BDL BDL BDL BDL BDL 
M BDL BDL BDL BDL 0.006 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
M BDL BDL BDL BDL 0.009 0.003 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
L BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
~I BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
M BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 0.0]0 BDL 
M BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
M BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL DDL 
M BDL BDL BDL DDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
M BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
M BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 0.012 0.024 BDL 
M BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL O.ot S 0.046 BDL 
M BDL BDL BDL BDL BDL BDL BDL BDL BDL DDL BDL BDL BDL BDL BDL BDL 
L BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BoL BDL BDL BoL BoL 
M BoL BDL BoL BoL BoL BoL BoL BDL BoL BDL BoL BDL BDL BDL BoL BoL 
M BoL BoL BoL BDL BDL BoL BDL BDL BoL BDL BDL BDL BDL BDL BoL BDL 
M BoL BoL BDL BDL BDL BDL BDL BoL BDL BDL BDL BDL BoL BDL BDL BDL 
M BDL BDL BDL BDL BDL BoL BoL BDL BDL BoL BDL BDL DDL BDL BDL BoL 
M BDL BDL BoL BoL BoL BDL BDL BDL BoL BoL BDL BoL BDL BDL BDL BoL 
M BoL BoL BoL BDL BDL BDL BDL BoL BoL BDL BoL BDL BDL BDL BDL BoL 
M BoL BoL BoL BDL BDL BDL BDL BoL BoL BDL BoL BDL BDL BDL BDL BDL 
M BDL BDL BDL BDL BDL BDL BDL BoL BDL BDL BDL BDL BDL BDL BoL BDL 

M - mUSCle l1SSUc; L· hver tissue; BDL - below dctecticn limits~ NC - n~ calculable 

-'D 

Species 

ScanlJ lordidus 

Scarus sordidus 

Scarus sordidu! 
Sigonu! splnu! 

Sufi/amen chrysoplera 

Va/amugil engeli 
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PAHs io Tissues ofFish From Guam Harbor Waters (data as J.lg/g wet wt.) 

Location 
(site) Date 

Fork ~ 

Len2lh .= 
(cml E-o 

~ >-
~ ~ ~ ~ 

r.l 

Ie ~ E e : i ~ ~ : 
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Apra Harbor (e) 12·Jun·98 16.0 
Apra Harbor (e) 9·jun·98 IS ,O 

Apra Harbor (e) 12·Jun·98 14.0 
Apna Boat Basin 18·!)co.98 IS.O 
Apra Harbor (e) 12·J08·98 17.0 

Apra Harbor (b) S·Jun·98 37,S 

M BoL BoL BDL BoL BOL BoL BoL BDL BDL BDL BDL BDL BDL BOL BDL BDL 
M BDL BDL BDL BDL BDL BDL BDL BDL BDL BoL BDL BDL BoL BDL BDL BDL 
L BDL BDL BDL BDL BDL BDL BDL BDL BoL BDL BDL BoL BDL BDL BoL BDL 
M BoL BDL BDL BoL BOL BDL BDL BoL BDL BoL BDL BDL BDL BDL BDL BDL 
M BDL BoL BDL BoL BDL BoL BDL BoL BDL BoL BDL BDL BoL BoL BDL BDL 
~I BDL BDL BDL BDL BoL BDL BoL BDL BoL BDL BDL BoL BDL BDL BDL BDL 
L BoL BDL BDL BoL BDL BoL BDL BDL BoL BDL BoL BDL BDL BDL BDL BDL 
M BDL BoL BDL BoL BOL BoL BDL BoL BDL BOL BDL BDL BoL BDL BDL BDL 
L BDL BoL BoL BoL BoL BoL BoL BoL BDL BoL BoL BoL BDL BDL BDL BDL 

M .. muscle liuuc; L - liver tissue; BDL ;II below detection limils~ NC - not calculable 
PAM Abbrcvi .. ims (in orda' ofmolewlarweirJM,): 

NAP 
ACY 

ACE 

FLR 
PHE 
ANT 
FLU 
PYR 

N."ruh.1 .... 
A"""pi1Ihylale 
Acataphtbenc 
Fluorene - .... Anlhraccne 
Fluorantbcnc 
PyraJe 

BAA 
CHR 
BBF 
BKF 
BAP 
BPE 
1NP 
DBA 

B .. 1l( a)anlhra""" 
Chryscn. 

ilalm(b)nuonn"' .... 
ilalZO<k)nuoranlhene 
ilalZO<aJpy""e 
ilalzo(&h.i)p«ylale 
Indeno( 1.2.3-odJpyrme 
Dib .... (a,h )anIhra"",e 

NC 

NC 

NC 
NC 

0,007 

NC 
0.004 
0.0]7 

NC 

0.006 

0.011 
NC 
NC 

0.030 
NC 
NC 
NC 
NC 

0.0]6 
0.061 

NC 
NC 

NC 
NC 
NC 

NC 
NC 

NC 
NC 
NC 

II6PAH 

NC 
NC 

NC 

NC 
NC 
NC 
NC 

NC 
NC 



GENERAL CONCLUSIONS 

This study though preliminary in nature, has produced a considerable bank of data upon which 
planners, regulators, water quality managers, and researchers can draw upon when dealing 
with related environmental problems. It clearly identifies areas of contaminant enrichment 
within biotic components of Guam' s harbor environments, and provides a useful database 
with which future levels can be compared and evaluated. In addition, the study has identified 
a number of potentially useful bioindicator organisms for future monitoring purposes, and has 
assessed their current contamination status by reference to levels found in similar and related 
species from other parts of the world. It is hoped that the study will serve as a catalyst for 
more detailed investigations of spatial and temporal trends in contaminant levels for all of 
Guam's nearshore waters, and in representatives of the biotic resources that inhabit them. 
Such data is imperative if we are to achieve sustainability of our fragile coastal ecosystems 
and preserve the integrity of species frequently harvested for human consumption. To this 
end, some final comments are directed towards bioindicator use and the implementation of a 
suitable monitoring program for our coastal waters. The public health considerations relating 
to levels of certain contaminants determined in edible species during the course of this 
investigation are also briefly addressed together with recommendations for future work. 

1. THE IMPLEMENTATION OF A MARINE MONITORING PROGRAM USING BIOLOGICAL INDICATORS: 

SOME PRELIMINARY CONSIDERATIONS 

The use of aquatic biota to monitor pollutant levels in aquatic environments started about 40 
years ago with investigations into the abundance of radionuclides in the environment (e.g., 
Seymour 1966). Over the last two decades, the technique has been adapted to the study of 
stable heavy metals, persistent organochlorines like DDT and PCBs, and more recently, 
hydrocarbons. It is during this latter period that we have largely come to grips with many of 
the problems that rendered much of the earlier work invalid. Problems related to the use of 
inappropriate organisms, the timing and frequency of sampling events, and undue attention to 
biological variable such as growth and reproductive status, have all taken their toll on the 
usefulness of data produced by the early pioneers in this field. There are now a number of 
treatises available that deal with essential design imperatives for aquatic monitoring programs 
and we aim only to summarize the major points here. For further information the reader is 
referred to the excellent reviews of Phillips (1977. 1978, 1980, 1986a) and Phillips and Segar 
(1986). 

1.1 Species Selection: 
The basic premise underlying the bioindicator concept is that contaminants accumulate in the 
tissues of the bioindicator organism at rates that are proportional to concentrations in the 
surrounding water. Tissue residue levels are, therefore, a time-averaged indication of each 
contaminant's biological availability at that particular location and point in time. 

According to Butler et al. (1971), Haug et al (1974), and Phillips (1977), an ideal indicator 
has the following attributes: 

Q It should accumulate the pollutant without being killed by the levels encountered in 
the environment 
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o It should be sedentary in order to be representative of the area in which it is collected 

o It should be abundant throughout the study area, easily recognized, and readily 
sampled 

o It should be of sufficient size to provide adequate tissue for analysis 

o It should be relatively long-lived to permit sampling over several months or years 

o It should be amenable to translocation 

o It should demonstrate a simple correlation between pollutant levels accumulated in its 
tissues and the average pollutant concentration in the surrounding water. 

The latter prerequisite is of overriding importance here because it requires that the 
bioindicator of choice possesses little or no ability to metabolically regulate pollutant levels in 
its tissues. Another highly desirable characteristic is that the bioindicator should exhibit a 
high concentration capacity for the contaminant in question. Some of the early studies with 
heavy metals were compromised by insufficient attention to metabolic control and the flawed 
assumption that high tissue concentrations of a particular element were a sign of bioindicator 
potential. Crustaceans for example are naturally high in copper and zinc and regulate tissue 
levels of both metals within relatively narrow limits (Bryan 1964). Hence, they are of no 
practical use as indicators for these elements. Zinc regulation has also been observed in a 
number of other invertebrate groups that accumulate this metal to relatively high levels (Bryan 
and Hummerstone 1973b, Phillips and Yim 1981, Klumpp and Burdon-Jones, 1982). 

During the present study, we have also seen that fish and various invertebrate species have the 
capacity to rapidly metabolize and excrete PARs from their tissues. Thus, they lack the 
sensitivity required to identify low-level environmental enrichment by these contaminants. 
Even with highly recalcitrant compounds like PCBs, certain bivalves show a preferential 
accumulation of the lower chlorinated congeners, while others rapidly eliminate them from 
their tissues (Denton 1974, Courtney and Denton 1974, Langston 1978a and b). Thus, it is 
important to tailor the choice of organism to the precise requirements of the monitoring 
program for PCBs, if the lower chlorinated congeners are of specific interest. 

Clearly then, a number of considerations present themselves when selecting a suitable 
bioindicator. Some of these considerations are common to all contaminant groups examined 
here while others are more specific. For example, heavy metals are naturally occurring, and 
different species have evolved widely differing capacities to accumulate them. Even closely 
related species sometimes have metal profiles that are very different from one another. Some 
metals are biologically essential and are regulated in certain species but not in others. Again 
such differences can occur within, as well as, between biotic groups. The simple fact of the 
matter is that no single organism will satisfy the monitoring needs for all heavy metals of 
environmental interest. Moreover, comparing metal concentrations between closely related 
species can, at best, only provide an approximation of actual differences in elemental 
abundance between locations. 

For persistent organochlorine compounds like PCBs, the situation is somewhat different. 
These are not naturally occurring and are certainly not biologically essential. Consequently 
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their uptak~ is ~ur~l~ a passive process and amounts found in the biota are largely a function 
of an organism s I~pld content and composition. Crucial factors that affect PCB levels within 
and be~een species are .larg~ly those that inf1ue~ce cyclical events of lipid deposition and 
metabohsm, and are pnmarlly related to the mteractive effects of season and sexual 
developme~t. .Needless to ~y, these var:iables are equally important from a heavy metal and 
PAR. morutonng pe~spect1ve. . Choosmg the correct bioindicator organism or suit of 
?rgarusms, ~d re~nmg samphng parameters and protocols is, therefore, of paramount 
Importance, If spatial and temporal differences in pollution abundance are to be accurately 
assessed. 

In. t.emperate regions, a considerable amount of research has focused on the bioindicator 
ablhty of a select group o.f organisms (mostly brown algae, bivalve mollusk especially 
mussels and oysters, and vanous fish). In contrast, relatively little attention has been directed 
tow~ds. the utility of tro~ical species for monitoring purposes. As a consequence, preliminary 
morutonng programs, hke the one undertaken here, may be forced to include hitherto 
'untested' spe~ies that are only distantly related to well-established monitoring organisms 
fro~ other. regt?ns ?f t~e world. :~s parti.cul~ problem is compounded by the fact that, 
while Sp~CI~S diverSity IS charactenstlcally high m the tropical waters, the abundance of any 
one species IS often not very great. 

This was ~ertainly evident d~ring the present investigation. The oysters, for example, were 
n?t found m abundance outside of Apra Harbor. This was indeed unfortunate because these 
bivalves .are excellent bio.indicators of all three contaminant groups. Likewise the distribution 
?f chal~l1ds and spondyhds wa~ found to be patchy, and available numbers were clearly 
msufficlent to support the reqUirements of a long-term monitoring program in each of the 
harbors studied. 

Locally, there are a number o~ other bivalv~s that could be considered for monitoring 
purposes,. although they too are either absent or m low abundance in Guam harbors. One such 
example IS the mussel, Modi?lus auricu~atus. .This particular species occurs intertidally and 
on reef flats all around the Island and IS parttcularly abundant in Tumon Bay, Tanguisson 
Bea~h and Cocos I~land lagoon. The cockle, Gajrarium tumid 11m, is another example and is 
re!atlvel~ a~undan~ m the mangroves of Sasa Bay. Its close relative, Gajrarium pectinatum, is 
Widely dlstnbuted I.n sandy deposits of back-reef areas, and the wedge-clam, Tellina palatum, 
co~only occurs m sea-grass meadows. The availability of each of these species would 
certamly support a transplant-monitoring program providing of course that their bioindicator 
potential had been firmly established beforehand. 

The trida~nid c.lams are another group that merit special mention here. These organisms are 
c?~m?n mhabltants of coral reefs throughout the Indo-Pacific and are particularly sensitive 
blomdlc~lors of heavy metal pollution (Kristoforova et al. 1979, Denton and Heitz 1991, 
.1993, Dlg.hl and Gladstone 1994). They have also been used as indictors of PCBs and PARs 
10 Australian waters (Olafson 1978, Smith et al. 1984, Smillie and Waid 1985). 

T. maxima is commonly found on reefs around Guam, although not in the numbers that would 
support a regular monitoring program. However, CUlturing techniques are well established for 
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this group and large numbers are being raised in hatcheries throughout the Pacific for 
commercial purposes, as well as for restocking depleted reefs. Hatchery stocks are very 
amenable to transplantation and certain members have been shown to tolerate harbor 
conditions, seemingly without any adverse effect (Denton and Heitz 1991, 1993). Given the 
close proximity of Guam to Japan and the Asia market, a tridacnid clam hatchery on Guam, is 
a very attractive possibility both from a commercial and an environmental monitoring stand­
point. 

Other potentially useful candidate species for pollution monitoring purposes on Guam include 
the brown alga Padina. This particular genus is relatively widespread in local waters and its 
indicator capacity, at least for heavy metals, has been firmly established (Burdon-Jones et al. 
1982, Denton and Burdon-Jones 1986). Moreover, there do not appear to be major inter­
specific differences in metal uptake for this genus and so identification to species in the field 
is not critical. 

Algae are an important component of any pollution-monitoring program because they reflect 
the availability of the soluble contaminant fraction and do not respond to fractions associated 
with sediments or suspended particulates. Together with bivalves, they can, therefore, 
provide the investigator with a greater understanding of contaminant movement and 
partitioning within aquatic ecosystems. 

The soft corals have received some attention as bioindicators of certain heavy metals although 
evidence attesting to their reliability in this regard remains inconclusive (Denton and Burdon­
Jones 1986). Nevertheless, they are a very common component of local reefs, and certain 
genera like Sarcophyton and Sinu/aria are readily identifiable. The current work identified 
Sinularia as a promising indicator for tin, zinc, PCBs and P AHs. We also consider this genus 
to be a probable indicator of arsenic, and a possible indicator of cadmium and chromium (see 
Table 30). 

The chief disadvantage of using soft corals as an indicator organism appears to be one of 
species identification. The systematics of the group as a whole is not particularly well 
documented. Identification to genera can be accomplished relatively easily in the field, as 
mentioned above, but species determination, if at all possible, requires verification by spicule 
examination. The failure to distinguish between different species of the same genus could, 
therefore, compromise inter-site comparisons in contaminant abundance. However, the 
monitoring of within-site temporal trends is still possible, if tissue samples are repeatedly 
taken from the same colony over an extended period of time. 

Of the less well known bioindicators examined here, the sponge, Dysidea sp shows promise 
for monitoring arsenic, copper, tin, and zinc. Their high fat content renders them excellent 
accumulators of lipophilic contaminants like PCBs and P AHs (Table 30). However, species 
identification in the field remains a problem. 

The sea cucumbers are an obvious choice for future monitoring purposes, although their 
bioindicator potential for all three contaminant groups has yet to be unequivocally established. 
This notwithstanding, they appear to show excellent promise for the monitoring of arsenic, 
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tin, and PCB, and very likely have good bioindicator potential for chromium, mercury, zinc, 
and PAHs. Holothuria atra, is particularly abundant around much of Guam. The feeding 
sorties of this species are restricted to within relatively small areas and so tissue contaminant 
levels should be reasonably representative of the collection sites. The tagging and 
transplanting of these organisms also offers an attractive means of monitoring the biological 
availability of sediment-bound pollutants in areas where they are not common. 

The utility of fish as bioindicators of mercury and PCBs is now well established and further 
supported by the data presented during the present work. In selecting any particular species of 
fish for monitoring purposes, it is important that its migratory habits are known. It cannot be 
assumed that contaminant levels in a fish are representative of their capture site, particularly if 
it is a migratory species. Usual candidates are demersal species or territorial species with 
restricted ranges. One such candidate identified during the present survey was the lizard-fish, 
Sallrida gracilis. This pisciverous species is extremely common and easily captured by hook 
and line. Moreover, it has a relatively large liver that adequately supports the tissue 
requirements for analysis. 

1.2 Sample Variability: 
How well a bioindicator reflects changes in the ambient availability of a contaminant is 
determined largely by the degree of variability encountered in the population sampled. The 
more variable the tissue levels, the less reliable the organism becomes, and the greater the 
number of individuals required to detect a given level of change. Such variability can 
essentially be divided into two broad categories, namely that which can be reduced or 
eliminated by the investigator, as opposed to that which cannot. Controllable variations 
include parameters such as the age/size, growth, fitness, sex and reproductive condition of the 
individuals sampled, in addition to differences related to their position on the shore and/or in 
the water column. Uncontrollable variations may be ascribed to regional and seasonal 
differences in temperature and salinity, and includes the inherent, natural variability normally 
encountered between individuals of the same species as a result of subtle variations in genetic 
make-up, metabolic efficiencies, health and well-being. Failure to address these variables 
during the initial design phase of a monitoring program can produce data that are extremely 
noisy and often highly misleading. 

1.3 Program Design: 
Pollution monitoring programs involving the use of bioindicators generally have one or both 
of the following objectives: 

a To identify spatial difference in contaminant abundance within an area or region, 
including the delineation of ' hot-spots' 

a To evaluate short- and long-term temporal changes in contaminant abundance within 
any particular site or area 

Both objectives are separate from one another and have specific requirements (Phillips and 
Segar 1986). For example, if the primary goal is to delineate spatial difference in contaminant 
bioavailability, it is important to adopt a synchronous sampling regime to ensure that temporal 
fluctuations in pollutant availability at each of the sites studied do not interfere with the data. 
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On the other hand, monitoring temporal trends in pollutant abundance within any particular 
site requires a sampling frequency that is determined by the biological half-life of the 
contaminant of interest if an uninterrupted record of its biological availability is to be 
obtained. In addition, the influence of seasonal changes in temperature, salinity and 
reproductive status on pollutant levels within the bioindicator needs to be addressed in order 
to identify 'real' changes in a contaminant's availability. 

Both objectives also have a number of common requirements that must be met in order to 
optimize the survey design. For example, it is customary to standardize on a specific size or 
size range of individuals in order to eliminate any possible age-dependant variability in 
contaminant levels (e.g., mercury in fish) . This can be done in one of two ways, either by 
selecting a specific size range, or by taking what is available and normalizing the data to a 
specific size by regression techniques. Another requirement common to both monitoring 
objectives calls for the standardization of collection sites on the shore or in the water column, 
and this is particularly important in areas receiving freshwater inflow or in waters that are 
highly stratified. Finally, it is necessary to identify the bioindicator's inherent variability in 
tissue pollutant levels in order to optimize sample size for the desired resolution. 

1.4 Site Selection: 
For monitoring the spatial and temporal variability in pollutant abundance in Guam's 
nearshore waters, a number of sites ranging from 'suspected as contaminated' to 'control' or 
'background' should be chosen. The selection of potential study sites can be based on a 
number of criteria, including the following: 

a Existence of previous data 
a Proximity to important fisheries and other edible marine resources 
a Proximity to potential sources of contamination (marinas, harbor activities, 

discharges from stormwater outlets, sewage treatment plants etc) 
a Proximity to population centers 
a Proximity to popular tourist and recreational fishing areas 
a Proximity to major river mouths 

The control site should be located offshore (e.g., Double Reef) away from the influence of 
short-term fluctuations attributable to coastal activities. The distance between sites will vary 
according to monitoring needs. However, sites are normally much closer together for hot-spot 
delineation than they are for monitoring trends at more remote locations. 

2. EVALUATlONOF DATA IN REUTlONT0CtlRRENT FOOD STANDARDS 

Some brief comments are appropriate here regarding contaminant levels measured in edible 
fish and shellfish during the present study, in relation to national and international food 
standards. All standards included in the following discussion are given on a wet weight basis. 

Food standards in the U.S. are under the jurisdiction of the U.S. Food and Drug 
Administration (FDA) with non-regulatory technical guidance provided by the US. EPA. 
Current standards for metals and PCBs are listed in Table 31 along with those from various 
other countries. There are no national or international food standards for P AHs at this time 
(Law et al. 1997). 
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Table 31 

Compilation of Legal Limits for Hazardous Metals and PCBs 

in Fish and Fishery Productsa (aU values as J.1g/g wet weight) 

Country As Cd Cr Cu Bg Ni Pb Sn Zn PCBs 

Australia 
Brazil 
Canada 
Chile 
Denmark 
Ecuador 
Finland 
France 
Gennany 
Greece 

2 10 (70) 0.5· 0.5 ISO ISO (1000) 0.5 

Hong Kong 
India 
Israel 
Italy 
Japan 
Korea 
Netherlands 
New Zealand 
Philippines 
Poland 
Spain 
Sweden 
Switzerland 
Thailand 
United Kingdom 
United States 
U.S.S.R 
Venezuela 
Zambia 

3.5 
1 0.5 

1 
5 

0.5 

1.4 2 
I 

0.5-1.0 
1 1 

30 
4 

2 
1 

76,86" 

0.1 

3, 4" 

0.1 0.1 
3.5-5.0 

1 

12, 13" 

10 

0.5 
0.5 

0.5 
10 1.0 

1.0 
0.5,0.7 

1.0 
0.7 
0.5 

10 0 .5· 
0.5 
0.7" 

0.3-0.4 
0 .5 
1.0· 

30 0.5· 

10-30 

20 
20 

0.5 

0.5 
1.0· 
0.5 
0.5 
0.5 
1.0' 

10 0.1-0.5 
100 0.2-0.3 

0.5 
2.0 100 

5.0 
2.0 

0.5 

6.0 
5.0 50 

2.0 

0.5,2.0 40 
2.0 
0.5 

1.0-2.0 30-50 

1.0-2.0 
1.0 
1.0 

2.0-10 
70-80" 1.5-1.7 

2.0 
0.5-10 

so 

100 

2.0 

a - modified after Nauen 1983 (unmodified table cited in USEPA 1989). Note: Food standards are continually being 
updated and those listed above may not be current for countries other than the United States and Australia 
b - as total mercury; c = as organic mercury; d = non-enforceable U.S. FDA guidance levels for crustacans (lower value) 
and mollusks (higher value) (U.S. FDA 1998); Australian values in parenthesis are for oysters; dashes indicate no data 
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It can be seen from Table 3, that the only enforceable heavy metal standard for seafood in the 
U.S. is that for mercury. An ' action level' is currently set at 1.0 lIg/g and is for organic 
(methyl) mercury rather than total mercury. There is some controversy over this limit, with 
US. EPA maintaining that it should be 3· 5 times lower to adequately protect consumers. As a 
consequence the standard is currently being re-evaluated (USFDA 1998). 

A number of other countries have set lower limits for mercury. Japan for example, exercises a 
0.3 lIg/g standard for total mercury while the maximum permissible level in Australia and 
Canada is 0.5 lIg/g. In our study, only four out of 75 fish analyzed exceeded 0.3 lIg/g. Of 
these, three were above 0.5 lIg/g and only one was higher than 1.0 lIg/g. Interestingly, all four 
fish were captured in Apra Harbor. 

The only other enforceable FDA food standard that is applicable to this study is the 2.0 lIg/g 
tolerance level established for total PCBs. This standard is approximately one order of 
magnitude higher than the highest value determined during the present study, assuming that 
total PCBs are roughly equivalent to twice the sum of all detectable congeners (L20PCB). 
Germany and Sweden have set identical limits to the US standard. However, the recently 
introduced Australian standard for PCBs in fish is significantly lower and stands at 0.5 lIg/g 
(NF A 1992, cited in Roach and Runcie 1998). 

The U.S. FDA has recently prepared a series of non-enforceable guidelines for arsenic (total), 
cadmium, chromium, lead and nickel in shellfish (crustaceans and mollusks). Proposed 
' levels of concern' are listed in Table 31 and assume a shellfish consumption of 15 
g/personlday. One has to wonder at the adequacy of these standards for populations that rely 
heavily on the sea for their primary source of protein. Fortunately, levels of all five elements 
determined in edible species from Guam were well below the FDA proposed limits, with the 
possible exception of arsenic in octopus - a popular food on Guam. This single specimen 
from Apra Harbor contained 19.3 IIgAs/g wet weight in its tentacles. Persons consuming in 
excess of 60 g of octopus on a daily basis could, therefore, be at risk of deleterious health 
effects. 

Oysters are another group of mollusks that are commonly consumed locally. Indeed, they are 
a favored dish in many parts of the world, including the U.S. The absence of an FDA food 
standards for copper and zinc is, therefore, surprising in light of these organisms' exceptional 
ability to accumulate both elements. Oysters from Agana Boat Basin and Apra Harbor were 
heavily contaminated with copper and zinc and frequently contained levels of both elements 
in excess of the appropriate current Australian food standards (see Table 31). 

3. RECOMMENDATIONS FOR FuTURE WORK 

This preliminary investigation generally suggests that Guam's harbor environments are 
relatively clean by world standards. However, there is evidence of small localized hot-spots 
for several metals and PCBs in Agana Boat Basin and Apra Harbor. We strongly suspect 
there are others, particularly in the inner Apra Harbor area where high levels of several heavy 
metals, including tin, are known to exist. Other areas of suspected enrichment include the 
anchorage and mooring facilities abutting the Piti Channel, and in Sasa Bay. The mangroves 
in Sasa Bay were total destroyed by an oil spill a number of years ago and, despite intensive 
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cleanup and replanting activities in this area, the underl~ing sediments r~m~in heavily 
contaminated. The extent of the P AH contamination here IS unknown but IS hkely to be 
considerable. We also know very little about contaminant levels residing in sediments and 
biota outside of the harbor environments. In all probability they are low, although certain 
areas close to river mouths may be considerably enriched. The Pago River mouth is an 
obvious focal point for future monitoring studies in view of the drainage waters it receives 
from the Ordot landfill. Likewise, for coastal areas close to sewer outlets and wastewater 
discharges in Agat, Merizo, Yona, Tamuning, and Agana. We also need to. establi~h baseline 
contaminant levels for our cleaner, relatively unimpacted stretches of coasthne. Without such 
vital information, the effects of future developments in these areas will be difficult to assess. 
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