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Abstract. Selenium, copper, cadmium, and zinc concentrationsl995) with the largest catches of finfish species in estuarine
were measured in mulleMugil cephalu} from the southern waters being the sea mulléviggil cephalu$ (47%), luderick
basin of Lake Macquarie, Australia, in 1997 to determine if (Girella tricuspidatg (11%), breamAcanthopagrus australjs
improved ash-handling practices at an adjacent coal fired10%), and dusky flatheadPlatycephalus fusciig4%) (Vir-
power station, implemented in 1995, had significantly loweredgonaet al. 1998). The commercial catch of sea mullet in 1996
trace metal concentrations in mullet tissues. Mean musclevas estimated to be valued at $11.4 million, with that caught in
tissue concentrations of selenium (5:90.7 wg/g dry mass), estuaries valued at $4.1 million (Virgona et al. 1998).

copper (3.6= 0.1 pg/g dry mass), and zinc (14 1 wg/g dry In a previous paper on trace metal concentrations in the
mass) are lower than previously reported for mullet analyzed inissues of mullet sampled from Lake Macquarie in 1993, sele-
1993 (10+ 2, 21+ 3, 27 + 3 pg/g dry mass, respectively). nium concentrations in muscle tissues were higher than that
Cadmium concentrations in liver tissues increased from2.3 recommended as safe for human consumption of seafood and at
0.3 to 6= 2 p.g/g dry mass. Significant intra-tissue correlations|evels likely to affect the health of mullet (Kirbgt al. 2001).
between metal concentrations were found for all tissues exceigh selenium concentrations were attributed to power gener-
muscle. Strong correlations of selenium, copper, and zinc conation activities and the production of selenium-contaminated
centrations were found in liver tissues, indicating a commorfly ash. Two coal-fired power stations are situated on the
primary source may exist for these metals, such as fly ash. Abouthern shores of Lake Macquarie at Vales Point and Eraring.
trace metals were found to have significant inter-tissue corresyrface sediments collected from around the power station at
lations, with strong correlations occurring for selenium be-y/ales Point contain fly ash (Furner 1979) and have high con-
tween all tissues and for cadmium between all tissues exceRentrations of selenium and copper (Kirétal. 2001; Peterst
muscle. Regulation of copper, cadmium, and zinc appears to bg 1999; Batley 1987; Furner 1979). The surface sediments of
occurring in muscle tissue. Selenium concentrations in mullefhe southern basin also contain elevated concentrations of
are still above levels considered to be of concern to humagagmium and zinc compared to background concentrations
consumers. Trace metal concentrations are below that knowfkirpy et al. 2001). The sources of these metals have not been
to effect the health of fish. Mullet are directly exposed to traC€egtaplished but are believed to be partly from the activities of
metal concentrations as a result of feeding and the ingestion Ghe ¢oal-fired power station and other urban and industrial
contaminated sediment and detritus. Lower metal concentrgpp, s Mullet are exposed to high trace metal concentrations as
tions found in mullet tissues are attributed to the burial ofy regyit of feeding and the ingestion of contaminated sediment
highly contaminated sediment with material containing lower,.4 yetrital material. Human consumers and fish growth, re-

trace metal conr_:entrations. Little of the variati_ons in trace roduction, and survival are believed to be at risk from such
metal concentrations between mullet was explained by masgigh tissue concentrations of selenium.
gender, or age. Improved fly-ash handling procedures were implement by
the Vales Point Power Station at the end of 1995 (Pettad.
1999; Harston 1996). Before this time ash produced from
power generation activities was mixed with lake water and
Approximately 280 species of fish are known to inhabit waterspumped to a nearby ash dam, which drained directly into Wyee
within and around Lake Macquarie, Australia (NSW FisheriesBay via Mannering Bay. More than 80% of the water-soluble
selenium originally present in the fly ash was found in the
effluent from the ash dam corresponding to a flux of 1453
0.24 kg Se/day (Davies and Linkson 1991). Since this time
Correspondence to/. Maher;emait maher@scides.canberra.edu.au water has been removed from the ash dam and recycled back to
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the power station, where it is mixed with cooling water beforeand tightened to 2.3 Nm, placed into larger 120-ml screw top vessels
being discharged into the bay. These practices are expected a9d tightened to 16.3 Nm. A model MDS-81 (CEM, Indian Trail, NC)
raise selenium concentrations within the ash dam but reduc@icrowave oven rated at 600 W was used for all digestions, with the
the amount of suspended and dissolved trace metals reachi jcrowave _time procedure consisting of three stages: 2 min'at 1QO%
the lake (Peterst al. 1999). We have resampled mullet from POWer, 2 min at 0% power, and 45 min at 75% power. After digestion

the southern basin of Lake Macguarie to determine if thes the vessels were allowed to cool at room temperature for 20 min and
. . quari - fhen diluted in polyethylene vials to 10 ml with deionized water.
improved practices by the Vales Point Power Station havebigests were stored in a cool roomQ-5°C) until analysis.

resulted in lower selenium, copper, cadmium, and zinc con- Sejenjum and cadmium concentrations were determined using a
centrations in mullet tissues. Perkin Elmer 5100 PC atomic absorption spectrometer, equipped with
In the previous study on mullet in 1993 (Kirl®t al. 2001)  Zeeman background correction, a HGA-600 graphite furnace and an
we were unable to determine the influence of age and gender ok5-60 auto sampler. These metals were determined by atomization of
trace metal concentrations in tissues. In this study we alsd0 ul of sample from the surface of a pyrolytic graphite-coated tube
report findings on the influence of age and gender on trac#serted with a pyrolytic graphite L'vov platform. Palladium/magne-
metal concentrations and verify the relative independence ofium nitrate and ammonium phosphate/magnesium nitrate modifiers

trace metal concentrations with mass. We also report relatioryvere used for the determination of selenium and cadmium concentra-

. . : . tions, respectively. Atomization programs are as described in Deaker
ships between trace metal concentrations in mullet tissues ? P y prog

. d di f lati d distributi nd Maher (1995). Zinc and copper concentrations were determined
improve our understanding of accumulation and distribution o using a Perkin EImer 3100 Atomic Absorption Spectrometer equipped

trace metals in different tissue types of this fish species.  \ith deuterium background correction and an AS-90 auto-sampler.
Certified reference materials and blanks were routinely run with
samples throughout the digestion and analysis procedure. Recoveries
Materials and Methods of trace metals from NIST RM50 Albacore tuna (measured: Se-3.7
0.3, Cu 9=+ 1, Cd 0.16* 0.08, Zn 14+ 1 ng/g; certified: Se 3.6-

All equipment, vials, and microwave vessels used in collection, di esp'4' Cu N/A, Cd N/A, zn 14+ 1 pg/g) and AGAL 2 shark tissue
quipment, vials, » 19851 easured: Se 1.5 0.4, Cu 5.8+ 0.6, Cd 0.09+ 0.02, Zn 17+ 1

. . e ;
tion, and analysis procedures were prewashed in 2% niric acid, gy certifed: Se 1.2 0.3, Cu 5.7+ 05, Cd 0.07= 0.02, Zn 16=
( ’ ) ’ 2 ng/g) were in close agreement with certified values.

Collection I
Age Determination

Sea mullet fugil cephaluy were collected from Wyee and Chain . . )
Valley Bays from 20 to 22 May 1997. The sampling sites and samplingTW_O _saglttal _ot_ollths were removed from each mullet through a cr_anlal
procedures were the same as used to collect fish in 1993. A total of 3§Cision. Individual otoliths were scrubbed with a synthetic bristle
mullet were collected using three gill nets (30%n3 m, with a mesh brush to remove excess _tlssue and allowed to dry at room temperature
size of 37-50 mm) positioned perpendicular to the shore. Collectiod®" 48 N The right otolith from each mullet was set in resin and
occurred each day approximatel h before dusk and continuing until allowed to harden for 72 h._SeveraI transverse sections of approxi-
noon the next day. Nets were checked every hour, with collected@tely 300um were taken using a Buehler Isomet low-speed diamond
mullet being killed immediately by a blow to the head and snap-frozen>@W: including one section containing the center of the primordium.
on dry ice. Mullet were transported to the laboratory on dry ice and!€S€ sections were mounted on microscopic slides using epoxy
stored frozen £ —20°C) until dissection. adhes!ve end examined using a light microscope.
Otolith rings were counted by three readers, counts by one reader
independent of the knowledge from previous readings. Age was ac-
) cepted when all three readers agreed on the same number of rings. In
Tissue Removal situations of disagreement between readers a second count was per-
formed. Age was accepted when counts by two of the three readers
Individual mullet were weighed for mass, measured for total length,were agreed on. If all three readers disagreed on the second count the
and dissected to remove eight tissues (muscle, kidney, liver, stomachlide was given no age.
intestine, heart, gonad, and gill) and otolith bone. Muscle tissue was Mullet otolith sections in most cases were found to show clear ring
removed from the left side of the fish between the pelvic and dorsaPatterns, consisting of light zones and dark rings. Narrower dark rings
fins. Stomach and intestine tissues were dissected and rinsed witdere counted for age estimation, with 95% of slides aged after the first
deionized water to remove food and sediment particles. Before freezéeading. By the end of the second reading 100% of the slides were
drying, tissues were rinsed with deionized water and placed in acidaged.
washed labeled vials and frozen {-20°C).

Data Analysis
Trace Metal Analysis

Data analysis was performed using the statistical package SAS (Sta-
Individual tissues were freeze dried for 72 h and then finely ground tdistical Analysis Systems, version 6.12, SAS Institute Inc., 1989-1996,
a homogenous powder using a ZM 100 ultra centrifugal mill (Retsh,Cary; NC), with data logarithmically transformed to meet require-
Germany). Tissues were digested using a low-volume microwavenents of normality and homogeneity of variances. Analysis of vari-
digestion procedure developed by Baldwen al. (1994). Approxi- ance (ANOVA) was used to determine if significant differences ex-
mately 0.07g of freeze-dried tissue was weighed into a 7-ml Teflonisted between trace metal concentrations in tissues, mass, and years,
polytetrafluroacetate closed digestion vessel and 1 ml of concentratefdllowed by a multiple comparison Student Neuman Keus (SNK) test.
nitric acid added (Aristar, BDH). Each 7-ml vessel was then cappedVhere mass was found to have a significant interaction with tissue
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concentrations, analysis of covariance (ANCOVA) was used to re-of 5:1) (ANFA 1992). No standard at present is set for cad-
move this influence. Correlations and regressions were also used i@jum concentrations in Australian seafood.
determine relationships between metals, tissues, mass, and age. Selenium, copper, cadmium, and zinc concentrations mea-
sured in mullet tissues were below concentrations that have
been shown to cause reduced growth and/or survival in mullet
and other fish species (Coughlan and Velte 1989; Finley 1985;
Hilton et al. 1980, 1982; Hilton and Hodson 1983; Mukdial.
1981; Lanncet al. 1985; Noel-Lambot and Bouguegnean 1977,
Metal Concentration Variation Between 1993 and 1997 Thomaset al. 1982; Westernhageet al. 1980).
Decreases in selenium and copper concentrations in tissues
Selenium concentrations in muscle, stomach, and gonad tissuegay be attributed to improved practices implemented by Vales
measured in this study were significantly less than in mulletPoint Power Station at the end of 1995 (Petersal. 1999;
analyzed in 1993 (Figure 1). Selenium concentrations in musHarston 1996). These practices were expected to reduce the
cle tissues decreased from 102 png/g dry mass (meart SE)  concentrations of suspended and dissolved trace metals, espe-
in 1993 to 5.9+ 0.7 pg/g dry mass in 1997. Selenium con- cially selenium, entering the lake waters via ash dam overflows
centrations were still greater than that reported for fish sample{Peterset al. 1999). Sedimentation rates from locations around
from relatively uncontaminated environments for the same.ake Macquarie are estimated to be 1.1-5.7mm per year (Pe-
trace metal (Bebbingtoat al. 1977; Maheret al. 1992, 1997; tersetal. 1999; Batley 1987). Lower trace metal concentrations
Kirby et al. 2001). Mean selenium concentrations in musclefound in mullet tissues are attributed to the burial of highly
tissues appear to be declining, with mullet muscle tissue anazontaminated sediments with material containing lower trace
lyzed in 1998 by Barwick (1999) from the same location metal concentrations.
containing even less selenium (i.e., 1998+£41; 1997, 5.9+
0.7; 1993, 10+ 2 pg/g dry mass). Mean selenium concentra-
tions in muscle tissues from this study were above that con-
sidered safe for human consumption (i.e., seleniungfy dry  Tissue Metal Concentrations and Relationship to Mass
mass, assuming a wet/dry mass ratio of 5:1) (ANFA 1992).
However, by 1998 selenium concentrations were below thafTissue concentrations for selenium ranged from Q.86 dry
considered to be of concern to human consumers. mass in intestine tissues to 53plg/g dry mass in kidney
Copper concentrations in muscle, stomach, heart, and gonatssues. Highest mean selenium concentrations were found in
tissues have also significantly decreased from those measuréder tissues (17.5ng/g dry mass) and lowest in intestine
in mullet in 1993 (Figure 1). Copper concentrations in muscletissues (4.2.g/g dry mass) (Figure 2). Significant differences
tissues decreased from 213 pg/g dry mass in 1993 to 3.6 exist between selenium concentrations in various tissues (p
0.1 pg/g dry mass in 1997. Similar to selenium, mean coppel0.001). Liver, kidney, and heart tissues were significantly
concentrations in muscle tissues appear to be declining, withigher than stomach, gonad, gill, muscle, and intestine tissues.
muscle tissues analyzed in 1998 by Barwick (1999) havingSelenium concentrations within these two groups were not
lower copper concentrations (i.e., 1998, 2¢8 0.4; 1997, significantly different from each other. Significantly positive
3.60 = 0.02; 1993, 22+ 3 ng/g dry mass). regressions were found between selenium concentrations in
Cadmium concentrations in liver tissues were significantlyliver and intestine tissues and mass (Figure 3).
higher than in mullet analyzed in 1993 (Figure 1). Cadmium Tissue concentrations for copper ranged from dgdg dry
concentrations increased from 2t30.3 wg/g dry mass in 1993 mass in intestine tissues to 698/g dry mass in liver tissues.
to 6 = 2 ng/g dry mass in this study. Other tissues have similarHighest mean copper concentrations were found in liver tissues
cadmium concentrations to those measured in mullet collecte(R06 .g/g dry mass) and lowest in muscle tissues (33fg dry
in 1993. Cadmium concentrations measured in muscle tissuenass) (Figure 2). Significant differences exist between copper
(0.05= 0.07g/g dry mass) are also similar to those measurecconcentrations in tissues  0.001). Copper concentrations in
by Barwick (1999) in 1998 (0.074 0.055u.g/g dry mass). liver tissues were significantly higher than all other tissues.
Zinc concentrations in muscle and liver tissues have signifHeart, kidney, stomach, and gonad copper concentrations were
icantly decreased, and zinc concentrations in stomach, kidnegignificantly higher than intestine and gill tissues, with copper
and heart tissues have significantly increased relative to mullatoncentrations in muscle tissues significantly less than all other
analyzed in 1993 (Figure 1). Zinc concentrations in muscletissues. Significant positive regressions were found between
tissues decreased from 273 pg/g dry mass in 1993 to 14 copper concentrations in liver, intestine and heart tissues and
1 pg/g dry mass in 1997. Zinc concentrations measured bynass (Figure 3).
Barwick (1999) in muscle tissues in 1998 are slightly higher Tissue concentrations for cadmium ranged from 0.001g
(i.e, 26 = 3 pg/g dry mass). These concentrations are similardry mass in muscle tissues to 37.@/g dry mass in liver
to those reported for mullet sampled from relatively uncontam-issues. Highest mean cadmium concentrations were found in
inated environments (Plasket and Potter 1979; Bebbington liver tissues (6.3.vg/g dry mass) and lowest in muscle tissues
al. 1977; Eustace 1974; Denton and Burdon-Jones 19860.05 wg/g dry mass) (Figure 2). Significant differences exist
Brooks and Rumsey 1974). between cadmium concentrations in various tissues<(p
Mean concentrations of copper and zinc measured in muscl@.001). Cadmium concentrations decrease in the following
tissues in 1993, 1997, and 1998 were below those considereatder: liver > kidney > intestine> heart/gonad/stomach
safe for human consumption of seafooe.( copper 20ng/g  gill > muscle. No significant regressions were found between
dry mass; zinc 3@.g/g dry mass assuming a wet/dry mass ratiocadmium concentrations in tissues and mass (p.05).

Results and Discussion
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Fig. 1. Significant differences of tissue trace metal concentrations betiMesgil cephalussampled in 1993 and 1997

Tissue concentrations for zinc ranged fromj2ddg dry massin  concentrations in this study were also found to have signifi-
muscle tissues to 1996g/g dry mass in gonad tissues. Highest cantly positive regressions with increasing mass in liver, intes-
mean zinc concentrations were found in gonad tissues (889 tine, and heart tissues (Figure 3). In all cases the slopes of the
dry mass) and lowest in muscle tissues (13@g dry mass) regressions were mostly lowrq{ = 0.1375-0.5636) and
(Figure 2). Significant differences exist between zinc concentraexplained little of the variation. The variation of trace metal
tions in tissues (p< 0.001). Zinc concentrations decreasing in the concentrations in mullet tissues with mass may be masked to
following order: gonad/liver > stomach/intestine/gill/lkidney/ some degree by the combined influences of other factors such
heart> muscle. Significant regressions were found between zinas gender, age, and feeding strategies (Dalliegex. 1987).
concentrations in muscle, intestine, stomach, and kidney tissues
and mass (Figure 3). Regressions were all negative, except for the
intestine tissues.

The distributions of trace metal concentrations in tissues (highRelationship of Metal Concentrations to Fish Age
est to lowest) were similar to that previously reported for mullet
analyzed in 1993. Liver tissues were again found to accumulatdlo relationships between trace metals concentrations in tissues
high concentrations of all trace metals, with gonad tissues acciand age were found (p- 0.05). Most mullet collected in this
mulating elevated zinc concentrations. Liver tissues are believestudy were between 2 and 4 years old. Younger mullet reside
to be the main site of trace metal detoxification within fish (So-in the Lake Macquarie estuary until approximately 3—4 years
rensen 1991). Significant differences in liver tissue concentrationsf age, when they leave to travel in a northern direction to
of cadmium and zinc exist between mullet sampled in 1993 andpawn in open ocean waters (Harasti 1997). These nonsignif-
1997 (Figure 1). However, given the small differences in concenicant results should be extended to other mullet populations
trations and the dynamic nature of trace metal concentrations iwith caution, as sufficient numbers were not obtained from all
liver tissues these differences cannot be meaningfully interpretedge groups. Other studies have reported both significant (pos-
because they reflect immediate past exposure, current metabolisitive and negative) and nonsignificant relationships of trace
and excretion of trace metals. metal concentrations with age (Croreh al. 1998; McFarlane

Selenium and zinc concentrations in some mullet tissuesind Franzin 1980). Differences in trace metal concentrations
were again found to have significant positive regressions wittbetween fish of different ages have been proposed to occur
increasing mass (Figure 3). Similar significant positive regresbecause of variations in diet and better regulation of uptake and
sions with mass were found for selenium concentrations irelimination of trace metals by older fish (Croréh al. 1998;
liver tissues and zinc concentrations in muscle tissues conmVas et al. 1993). The clearest indication in fish of a true
pared to mullet analyzed in 1993. Regressions for zinc contelationship between trace metal concentration and age or size
centrations and masses in stomach tissues were found to diffexists only for mercury (Denton and Burdon-Jones 1986; Ho-
between years, with a significant positive regression found irmung et al. 1993; Law and Singh 1991; Crost al. 1973;
this study and negative in mullet analyzed in 1993. CoppeiMackay et al. 1975; McFarlane and Franzin 1980). Mercury
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Fig. 2. Trace metal concentrations Mugil cephalustissues

concentrations probably increase with age due to the metal'these measurements difficult (Becknetral. 1990; Zhacet al.
long half-life, efficient uptake, and assimilation (especially of 1997). In this study, mullet mass was found to be a poor
methylmercury), and low elimination rates that results in itsindicator of age (Figure 4) with high variability found within
almost complete retention (Bernhard and Andreae 1984; Croage groups, best indicated by 3-year-old mullet having a mass
nin et al. 1998; Brooks and Rumsey 1974). range between 93 and 725 g.

Mass and length for mullet, as reported for other fish species
(Mackayet al. 1975; McFarlane and Franzin 1980; Cromin
al. 1998) were highly correlated (Figure 4). Size or dry mass ofMetal Concentrations and Gender
fish is often used in fish studies as an indicator of age (Hanna
1989; Aboul Naga 1996). Inherent variability in size at any ageFemale and male mullet accumulated similar trace metal concen-
for many fish species often make precise estimates of age usirigations in tissues (p> 0.05) (Table 1). Differences would be
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Fig. 3. Relationships for tissues with significant correlations of selenium, zinc, and copper concentrations with mass

expected to occur when one gender is less efficient in trace metiace metal concentrations between female and male fish (Vas
regulation as a result of more energy being used in egg or speri991; Chernoff and Dooley 1979; Glover 1979; Malegral.
production (Chernoff and Dooley 1979; Phillips 1969) and/or hasl997). When a significant difference has been found, higher trace
to meet demands for sexual initiation, formation, or developmentmetal concentrations are usually associated with female fish (Mill-
A number of other studies have also reported no differences ier et al. 1992; Foersteet al. 1998).
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Table 1. Trace metal concentrations in tissues of female and iaigil cephalus

Metal Gender Muscle Liver Kidney Stomach Intestine Gill Gonad Heart
Selenium Female 54 16+ 11 16+ 14 6+ 3 4+3 5+2 6+2 9+5
Male 74 19+ 14 12+ 4 9+5 5+4 6+2 73 11+4
Copper Female 3.60.2 203+ 227 14+ 9 11+8 12+7 6*+5 13+ 12 42+ 59
Male 3.6+0.1 209+ 197 12+ 11 13+ 11 12+9 8+ 8 12+11 31+ 41
Cadmium Female 0.055 0.049 6+ 9 4+6 0.6+0.8 1+1 0.3+0.3 0.8+ 0.8 1+1
Male 0.044=+ 0.091 7+ 10 4+5 1+1 1+1 0.3+0.3 0.6+ 0.5 1+1
Zinc Female 138 191+ 75 100+ 67 122+ 18 96+ 55 92+ 61 625+ 512 75+ 27
Male 15+ 10 229+ 146 91+ 84 133+ 21 109+ 72 110+ 131 528+ 435 77+ 32

Mean = SD, n= 19 female, 17 male

Intra-tissue Correlations Between Metal Concentrations for zinc in muscle and intestine tissues. Selenium concentra-
tions in muscle tissues are highly correlated (R0.5) (Figure
Strong significant correlations were found between essential trad® Wwith stomach and gill tissue concentration indicating that
metals selenium, copper, and zinc in liver tissues (Table 2)selenium concentrations in muscle tissues may increase or
Significant correlations have also been reported in other studiegecrease depending on exposure to trace metal contaminated
between essential and nonessential trace metals in muscle af@pd or water. This is in contrast to Mackay al. (1975) who
liver tissues (Galindet al. 1986; Croninet al. 1998; Ashraf and ~ reported that black marlirMakaira indicg had no significant
Jaffar 1991; Mackagt al. 1975; Brooks and Rumsey 1974; Lyle correlations of selenium concentration in muscle and liver
1986; Chvojkaet al. 1990; Glover 1979). Significant correlations tissues. Strong correlations were also found between cadmium
of trace metal concentrations in tissues are proposed to occur dg@ncentrations in stomach, kidney, and liver tissues (Figure 5).
to similar pathways of accumulation (Brooks and Rumsey 1974fadmium is a nonessential metal to fish and has no known
and may be associated with similar sources of exposure, method#ological function (Sorensen 1991). Cadmium correlations
of detoxification, sequestration, or elimination. New South Waledetween detoxification and elimination tissues indicate that a
coal and Lake Macquarie fly ash are enriched in selenium, coppefechanism may be in place to remove this metal and prevent
and zinc (Swaine 1982, 1985; Davies and Linkson 1991) and@e€llular damage. Copper, cadmium, and zinc correlations in
would provide a common trace metal source of exposure ténuscle and other tissues were low indicating little coaccumu-
mullet. lation. This possibly is indicating that tissues such as muscle
No significant correlations were found between trace metals irfan regulate their metal content to some extent as proposed by
muscle tissues (Table 2). This is in contrast to other studies thather researchers (Cross al. 1973; Wiener and Giesy 1979;
have reported significant correlations between Cu-Zn, Cu-Cd, angernhard and Andreae 1984). In situations of high metal ex-
Cd-Zn in fish muscle tissues (Brooks and Rumsey 1974; Gloveposure, such as sediments containing selenium from fly ash,
1979; Hornung and Ramelow 1987; Croeiral. 1998). The lack  this regulatory mechanism may be overcome.
of coaccumulation in muscle tissues suggests some ability to
regulate these metals in muscle tissues as proposed by several
authors (Crosst al. 1973; Wiener and Giesy 1979; Bernhard and Summary
Andreae 1984).
Selenium and copper concentrations in muscle and other tis-
sues are less than those previously reported for mullet analyzed
Inter-tissue Correlations Between Metal Concentrations  in 1993. This decrease may be attributed to improved practices
implemented by the Vales Point Power Station at the end of
Numerous significant inter-tissue correlations were found forl995. Mullet are exposed to these lower trace metal concen-
all trace metals (Table 3). Correlations were positive, exceptrations as a consequence of feeding and the ingestion of less
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Table 2. Intratissue correlations between trace metal concentrations

Heart

Gill

Intestine

Gonad

Kidney

Stomach

Cu

Liver

Muscle

Se Zn Cu

Cu Cd Se Zn Cu Cd

Zn

Se

CuCd Se ZnCu Cd

Se Zn

Cd

Se Zn Cu
0.350%+*

Cd

n/s

Zn
0.728** 0.604** — 0.375** n/s 0.159* —

Se

Cd

0.128*

Cd Se ZnCu

n/s

n/s

n/s
n/s — 0.407*** 0.243*** 0.653*** — 0.126* n/s 0.121* —08&38" 0.149* 0.474** —

n/s

0.429*** — n/s

Selenium n/s —

n/s

n/s

n/s

n/s n/s n/s — 0.196**

Cadmium —

Copper
Zinc

n/s —

0.143*

0.178* n/s

0.256** 0.344***

n/s 0.128* —

0.139* —

0.129*

n/s

— n/s

0.286*** 0.497***

n/s nis —

2n = 35, all other tissues & 36.

Significance *p< 0.05, **p < 0.01, ***p < 0.001.

n/s = nonsignificant.

J. Kirby et al.

Table 3. Significant correlations between trace metals concentra-

tions in different tissues

Interactions R
Selenium
Muscle Stomach 0.84***
Muscle Gill 0.50%**
Stomach Gill 0.49***
Liver Heart 0.47**
Heart Gill 0.43***
Stomach Heart 0.34***
Liver Intestine 0.29***
Intestine Heart 0.27**
Muscle Heart 0.24**
Liver Gill 0.15*
Copper
Stomach Gill 0.47**
Stomach Heart 0.34***
Heart Gill 0.31***
Liver Heart 0.30***
Liver Intestine 0.29***
Gonad Kidney 0.19**
Liver Gill 0.18*
Liver Stomach 0.16*
Zinc
Liver Intestine 0.33***
Liver Gill 0.25**
Gill Kidney 0.22**
Muscle Stomach 0.19**
Stomach Kidney 0.16*
Heart Kidney 0.16*
Muscle Intestine —0.34**
Cadmium
Liver Kidney 0.86***
Liver Stomach 0.70***
Stomach Kidney 0.64***
Stomach Heart 0.56***
Liver Intestine 0.49***
Gonad Heart 0.44%**
Intestine Kidney 0.43***
Heart Gill 0.37%**
Intestine Stomach 0.36***
Liver Heart 0.36***
Intestine Heart 0.35%**
Stomach Gill 0.35%**
Muscle Stomach 0.33***
Heart Kidney 0.31%**
Gill Kidney 0.30%**
Liver Gill 0.30***
Muscle Gill 0.29***
Gonad Stomach 0.29%**
Muscle Heart 0.26**
Gonad Liver 0.22%*
Muscle Intestine 0.22%*
Muscle Gonad 0.21**
Gonad Kidney 0.18*
Muscle Liver 0.17*
Muscle Kidney 0.13*
Intestine Gill 0.13*

*p < 0.05, *p < 0.01, **p < 0.001.

contaminated sediment and detritus. Selenium concentrations
in mullet muscle tissues in 1997 are still above that considered
to be of concern to human consumers. Muscle tissue concen-



Changes in Metal Concentrations in Mullet 179

15 L5 9 y-1.2852x - 0.2498
= - 2 o
= oh =0. X o, o0
3% 3 R’ = 0.5046 p<0.001, %9,
A § >4 A = 3
o & = - = = *
W 057 w o 13067x- 0.4071) | = F 5
= R’ = 0.8438 p<0.001 | S .
0 T i i i ' 0 : ; . . —
04 06 08 1 12 14 02 04 06 08 1 12
Muscle Muscle
Log (Se pe/e) Log (Se g/g)
2 2
) b 'S
g) = 1.5 g} 5 1.5
= 5 ~ g
°g . Sg!
E" 0.5 y=1.038x+0.1407 | 8P 5 o y = 1.5928x + 0.3566
0 1% ' R’ = 0.8644 p<0.001 || ~ e R’ = 0.7023 p<0.001
0 0.5 1 L5 0 02 04 06 08 1
Liver Liver
Log (Cd ug/g) Log (Cd pg/g)
15 . 1
o - B 0.8 .
251 25 s
o g | S E
LS . 22 o4
% w 05 ¢ y=13578x+ 02417 || 2@ 0.2 ¢ o ¥ =0:8026x + 0.0656
= 4 R*=0.6361p<0.001 || = . R 0.5622 p<0.001
0 T . ; . 0 . : . y ,
0 02 04 06 08 1 0 02 04 06 08 1
Kidney Heart
Log (Cd pg/g) Log (Cd pg/g)

Fig. 5. Intertissue trace metal concentrations Kéugil cephalus
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