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Abstract

The accumulation of iron, manganese, zine and cadmium by freshwater mussels in (he River Murray. South
Australia. and their response to changes in environmental iron concentrations are considered. Meta) oads
varied markedly between individuals from the same population. The variability is accounted for partly hy
systematic relationships between metal loads and body weight and age. bul not sex. The distribution of
metals between the major organs is discussed. but the analvsis of separate organs showed no advantage for
biological monitoring. Comparisons between iron concentrations in river water and in mussels showéd no
clear correspondence. The study suggests that V. mwhiguus may not he a good short-term monftor of iron,
5 but st1ll may have potential as a long-term and sile-comparison moniter of met

als, onee inherent variability
13 taken into account,

e

Introduction

There 15 considerable interest in the use of organisms as biological monitors of
pesticides and heavy metals (Withm 1975; Phillips 1977, 1978). One approach involves
analysis of pollutant concentrations in organisms which act as bioaccumulators (JTones
and Walker 1979). Although many organisms accumulate pollutants, only those
having certain physical, ecological and physiological features have practical potential
as monitors. A number of these do not involve the response of the organism to a
specific pollutant, but are general characteristics, usually already known. Together
they define the prima facie potential of the organism as a biosccumulator monitor of
any peliutant. Some of these features (size, abundance, hardiness, ease of sampling,
mobility, tolerance to pollutants) have been discussed by Butler 7 af. {(1971). In
addition the organmsm should have a broad natural distribution. be taxonomically well
defined, and its basic ecology should be known.

Velesunio ambiguus (Philippi} is an endemic Australian freshwater mussel {order
Eulamellibranchiata, family Hyrudae) found throughout the Murray-Darling river
system and in most coastal rivers of castern and southern Australia, and with good
prima facie potential as a bicaccumulator monitor (see Walker and Hillman 1977-
Fones 1978). This paper assesses, in part, the practical potential of V. urnbiguis as a
monitor of iron. manganese, zin¢ and cadmium. The variability of metal concentrations
among mussels in one population, distribution of metals between the mMajor argans,
and jn sitw response to changing concentrations of iron are considered.




W, G Jones and Ko F. Walker

3’\

ethods
Semple Colfecrion and Preporaiton

Simples of 20030 mussels were cobtected durmp March. Aprit, Augest and September 1977 4t Lock 3 on
the River Murrayv, near Overland Corner. South Austradia, They were taken from water 82 2 m deep and
stared Tive out of waier tor analysis witlim 3 weeks) or deep frozen.

The body was dissected from the shetl using plastic foreeps and a clean staintess steef scalpel. Wel and dry

whole snimals were made by grinding the dried body (o o fine. consistent powder with a mortar and pestie. In
the Murch samipte separate orguns were anadvsed whole, exeept the visceralbmass which was homogenized in
W otissue grmder,

The ages of European and North American freshwater mussels bave been estimated by annual growi)
angs. mark recovery expersments and length fregquency ptots (Haskin 1954 Coon e af. 19771 Although
concentric tings are formed on the shells of Foamhigins, these are not useful for aging (Walker and Jones,
unpublished datal, and  mark-recovery experiments could  pot gve useful results inoone year
Length frequency plots could not be used becawse shell shape 1s variahle. This method ol ageing relies on
animals of the same age growing atan even rite and being of similar shupe so that Jengthos an index of shell
materiad produced. In DL amhiguas where shell shupe varies between individuals, shell displacenment volume
15 hetier meisure of shell matenal produced. Shell volume i« i fact. strongly correlated with shelf weipht
(ro= 0-98. 0 = 463 and soin thiy study was used as g qualiarive measure of age.

Analvsiv of Tissue

(5008 g dryweight were digested i solutions of 2 mi concentrated HNG, and (00 3 ml concentrated HCHO,
for each O 1 2 dry welght, Dhigestion was ot B Cfor | h o mpmimize frothing and then at 150 C unnif dry.
fuming crvsials remained. These were redissolved in 10 m1 of @ bE misture of 1-2 w0 HNOy and T HOL
which in tum was diluted 10-1old with disttled desonized water for measurement of iron. manganese and zine

A Vurian Techtron 1200 atomic absorption spectrophotometer was used for analvsis by flame-
absorptian spectroscony, Won-atomic absorption was significant onlvin cadmium measurement and way

deviation in parenthesesy fron (049 (2 6} manganese 100", (26 zine 987, ¢

ioand cadmium 96 (52

the sampie concentralions. but early cadminm analvses were rendered unrehable by blanks of 30-1007
typica) sample concentrations. This was reduced 1o 5-10%, by increasing the weight of Ussue digested (to
about 0-8 ¢ dry weight) and washing digestion vessels in salurated chromic acid rather than 10%, HNO; as
before. Two or three subsamples of each homogenute were analvsed, Variability between subsamples was
meusured by the percentage coefficieni of variation. caleuluted as SI3 = 100, where 515 the standard
deviption and ¥ the mean. Average values (o = 48) were ron 3-9°
cadmaum {n == 34y 10

munganese 209" 0 zinc 4-4° and

i

Analvsis of Warer

Water samnles of 300 ml were collected. first twice weekly and then weekly. from the study site, They were
preserved Tor metad analyvsis by immediately adding 3 mi of cone. HNO, {Amencan Public Health
Assoctation 19750 Whaole water samples were wnalvsed by lame-absorplion spectroscopy.

Results and Discussion
Variahiliny of Meral Concenirations within g Population

Individuals of ¥, embigues from the same population accumulaled varying
concentragions of each of the metals studied (Table 1) High variabibity has been
eported also in other studies of mets) accumulztion by molluses (Bryan 1873 Ayling
1974; Phillips 1976a. 19766, Bryan ¢r of. 1977) and may hinder their use as monitors
(Chow e ol 19763, However, some of this may be caused by svstematic varialion with
factors such as body weight. age and sex (Phillips 1977),

welghts were measured 1o the nearest mifhigeam, the latter after drving al 105 Cor 60 1 Homogenates of

A wet acid digestion. modified from Fowler and Oregioni t1976). was used. Homogenate subsamples of

corvected for with a hydrogen continuum lemp. Mean recoveries from six spiked samples were (standard

Results have not been carrected for recovery, Tron. manganese and zine blanks were always less than 19, of

O
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Accumulation of Metals by the Freshwater Mussel 743

Metal concentration was plotied against body weight on both lincar and douhle
Jogarithmic scales 1o show systematic variation. A linear correlation on the log-tog
scale indicates & power relationship between the variables {Boyden 1977). However,
correlation coefficients (Table 2) show that lincar equations describe the relationships

Table 1. Variability in metal concentration of V. ambiguus for three collection Simes
A number of mussels in sample: s.d.. standard deviation: c.v.. cocifivient of
virigtion (7))

Concentration (ugsg dry wi)

Sampic N Iron Manganese Zine Cudmim
March 21 Ay 5802 43222 2Mes
5.d. 2934 2535 1230
C 5] 60 39
August 23 X 67064 4796 3401 {(+ 689
s.d. 2782 2580 126-7 (631
[ 43 33 37 92
Sepr. I v 4589 4090 3205 367
s.d 2625 2337 993 (704
cv 5% 57 31 RN

equally as well as power functions. For iron. manganese and zine most relationst hips are
statistically significant. although correiations ofien arc not strong. Plots of metal
concentration against shell volume also were made, and again linear equations are as
good or better fits than power functions {Table 2). Although the re lattonships are not

Table 2. Correlation coefficients (r) for plots of ¥, ambiguuy dryv body weight against metal concentration
and shell volume against metal concentration, on bath linear and double logarithiic seates
PP 005 % P o 001 R P = (008,

Metal conen v, body weight Metal conen v, shell valume
Metal Linear Log-log Linear Log-tog
fron
Mar. (n = 21} — (- 46* —[}-48* (- d46* (- 45*
Aug. {(n = 23} — [} 56+ - )56 028 - 31
Sept. (1 = 11} — (- 52 —{-46 0-30 G-32
Manganese
Mar. —0-40* -0 51 0.42% 0-35
Aug. -~ (}-38* —0-40% - 40* -9
Sept. —(-43 -0 37 0-25 (-19
Zine
Mar. — {3 FReE¥ — (3 g - - -0
Aug. —{-33 — - 3R% (3 36% 34
Sept. 0 54% —{}- 5% 029 0 1n
Cadmium
Aug, —0-42 ) d4% — {1 38" {140
Sept. {109 -(-23 - 14 017

strong, partial correlation coefficients showed that they were being masked by, and
were in turn masking. the body weight-metal concentration relationships. Therefore
multiple linear regressions of metal concentration against sheli volume and body
weight were calculated (Table 3).
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Variation with body weight

fron. manganese and zinc concentrations decrease systematically with increasing
body weight, consistent with other studies of metals in molluses (Boyden 1977; Phillips
1977). Although the equations from menth to month vary, the ff weightings show that
the effect of body weiglit remains fairly constant. The situation with cadmium is less
clear. 1t seems that concentrations decrease systematically with body weight, but not as
markedly as with the other metals.

Table 3. Summary of multiple regressions of V. ambiguns body weight and shell volume against metal
concentration
The velue of multiple R multiplied by 100 estimates the percentage of the variation explained by the
equation. The ff weighting allows comparison of the relative effect of each independent variable on the
dependent variable
M dry weight (g V. volume (em®) * P = 0-05: %% P = 005 %% P = (- 001

Multipie R* Contribution fi
Metal (multiple R} Purameters 1o mult, R weighting Overall &
fron
Mar 0-65 1 044 070 Ho Q0¥ **
o= 2] (0-81) 3 0-21 470
Aup. - 5% I & 31 RS T3y
no= 23 (476} ¥ G-27 (- 55
Sept. 0-60 i (- 28 —(-79 609"
o= | (0-77} 13 (-233 (63
Manganese )
Mar, (-59 i (-4] — {164 12 7ywe
(070 ¥ 0-17 ¢-63
Aug. 0-48 W 0-15 —4-60 Q- 30%*
{069} ) 061
Sepi. 0-42 W G- 19 - 66 284
(0-64) b (23 0-53
Zinc
Mar. 063 W 0-63 - 085 15 4k
(G-79) ¥ 0-60 29
Aug. (-40 W 0-11 — (- 53 666>
(0-63) F 0-29 (-538
Sept. (-6l W 629 —-80 6307
{0-78) i 032 0-63
Cadmium
Aug. (3:24 H 0-18 - 033 313
{049) ¥ 0-06 027
Sept. 0-a2 21 0-01 — {05 G6-09
{015 I 0-01 —-12

Boyden (1974, 1977} investigated and reviewed the relationships between body
weight and both metal content and concentration in hivalve moluscs., and concluded
that these were hest described by power functions. There are two obstacles 1o close
comparison of the results of the present study with those of Bovden. First, the size

less than 10-fold usually gave non-significant relationships due to inherent biological
variability, Itis possible that use of a greater size range may reveal a power relationship
assuggesied by Boyden, Second, differences inage (shelf volume) are masking the body
weight-metal concentration relationship, necessitating multiple linear regressions.
This treatment has not been necessary in other studies.
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Accumulation of Metals by the Freshwater Mussel 745

Variation with age

With iron. manganese and zine, the effect of age is opposite to that of body weight,
as concentrations increase wilh increasing age. In contrast, cadmium concentrations
decrease with-increasing age, but as this trend contributes little to the multiple R it
cannot be considered significant. The effect of age on iron and Mnganese
concentrations is fairly consistent, as indicated by the # weightings and contributions
to the multiple R*. However, for zinc, the results from the March sample, which
indicate that age has no significant effect upon concentrations, contrast with those for
August and September. Only further study will explain this anomaly.

Unlike body weight, there has been little study of the effect of age on metal
concentrations in moliuscs. The results of Ayling {1974) showed that in Pacific oysters
(Crassosirea gigas) the concentrations of cadmium and copper and probably also zine
and lead increase with age. Romeri! (1971, cited in Raymont 1972} reported the samc
trend for zinc, copper and iron concentrations in the clam Mercenaria mercenaria, but
lzter (Romeril 1974, cited in Boyden 1977) found that copper and iron concentrations
in the same species decreased with age. Mackay er al. (1975) also claimed that
concentrations of zine, copper and cadmium in Crassosirea commercialis decreased
with mcreasing age, bul examination of their data suggests that this is not so,

The simplest explanation of metal concentration increasing with age is that metals
are accumulated in excess of metabolic needs and excretory capacity, and that the
excess 1s stored. As the animal gets older the amount of stored metal increases maore
rapidly than body weight.

There is evidence to suggest that trace metals in molluscs are partiioned into two
pools: & mobile, readily exchangeable pool associated with low molecular weight
compounds, and a permanent store tightly bound to proteins andjor in granules,
removed from general metabolic circulation (Boyden 1977; Howard and Nickless
1977). Granules or granular cells containing metals have been found in a variety of
molluscs (e.g. Harrison 1969; Bryan 1973; Coughtrey and Martin 1976; George e/ al.
1976; Bryan er al. 1977), and their function suggested as storage or excretion. Granules
were isolated from V. ambiguus and investigated hy Ch'ng-Tan (1968%). Analysis
showed the major metallic elements to be calcium (14-6%)), manganese (5-4%) and
iron {4-2%)), while another seven metals, including zinc, were detected in trace
quantities. She hypothesized that metal phosphates could account for up to 622 by
weight of the granules and that they probably represented a store of metals that the
animal was unable to excrete. Granules from a related freshwater mussel (Velesunio
sp.} were analysed for zine by Wood (1975) and were found to contain 211 ugfe dry
weight. Granules containing iron and manganese also have been reported in both
European and North American freshwater mussels of the genus Anodonta {Dubuisson
and Van Heuversuyn 1931, cited in Hobden 1970: Harrison 1969),

In molluscs the rates of excretion and metabolic turnover of both iron and
manganese are slow (Harrison 1969; Hobden 1970). As the concentrations ofiron. and
to a lesser extent manganese and zine, in the River Murray are high {(Fig. D), 1t is
reasonable that V. @mbiguus should accumulate them in excess, and store the excess in
granules. This would explain why concentrations of these metals increase with age.

Variation with sex

Watling and Watling (1976) showed that different sexes of the marine mussel
Choromyrilus meridionalis accumulated different concentrations of several metals, For
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comparison, separate regressions were caleulated for male and fomale F.oambigins in
the August sample and compared by analvsis of variance. There were no significant
differences (Table 4}, although the comparison of multiple regressions by analysis of
varignee 1$ not a statistically sensitive technigue.
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Variation caused by gut conients

Some authors recommend starving bivalves before analysis to rid them of gut
contents and pseudofaeces, as these may be sources of random variability (Hobden
1967. Karbe e af. 1975 George ¢ al. 1976; Phillips 1976a; Brvan ef ol 1977). V.
ambiguus were kept alive out of water for at least | day after collection to allow
pseudofaeces to accumulate at the edge of the mantle, where they could be removed
eastly during dissection. Vanability in the visceral mass {see below) was more
systematic than several other organs, and therefore gut contents probably were not an
important source of random variation.

Meral Concenlrations in Major Organs

The ohject here was to discover whether analyses of separate organs were
advantageous for monttoring. Bryan (1973). for example. suggested that where whole
body concentrations are difficult to detect, analysis of organs which accumulate higher
concentrations than ithe body average mayv be useful. Another potential advantage.
particufarly relevant here, 1s that in some organs metal concentrations may show less
random variation between individuals than concentrations for the whole body.

e
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Accumulation of Metaks by the Freshwater Mussel

Mussels from the March sample were used: organs analysed were the gills and lubial

palps. mantle. foot. kidney +heart. and the viscer

organs and muscie.

al mass. comprising the remaining

Table 4. Comparisen of mubtiple regressions for male and female V. ambiguus in the August sample

Analyses of variance showed no differences between the concentrations
The range of body weights and volumes for each sex was similar,

accumulated by mates and females.
W dry weight: 17 shell volume

Male Female
Metal (= 12) (= 1)
fron
Average conen {pug.g) 6813 a7
Standard deviation 2870 kA

Multiple regression
Manganese

Average conen {jg-g)

Standard deviation

Multiple regression
Zine

Average conen {pg. g)

Standard deviation

Multiple regression
Cadmium

Average conen {ug-g)

Standard deviation

Multiple regression

Y o= 2216 — 20050 + 261¥

5183
079
Y= 4205 — 1798W 4 2821

BRI
i62-4
Y= 108 ~ 9501 + 1301

(-722
0-55%
V=208 — 0 18W - ¢-021

Y= 12421 - 2850M « wnlr

4406
1973
Y= T65Y - T4URH 4 4sp

324
FERES
Y=421 - 3611 + 0al

(- 652
G736
=300 0350 — 0-021

As with mets] concentrations in the whole body there is considerable variation
berween individuals (Table 5). Therefore the concentrations in mdividual organs were

Tabie 5. Average metal concentrations in the major organs of V. ambiguus

March sample, n = 21

variation {4}

s.d.. standard deviation; c.v., coefficient of

Concentration (ug/a)

Organ Iron Manganese Zinc
Gilis + palps 10417 17930 915
s.d. 3374 8140 321
[ 32 45 35
Kidney + heart 7737 8403 K22
s.d. Ri14 5249 61y
o 104 63 196
Faot 2018 535 2
s.d. 2600 362 72
(RO 89 6% 33
Maouth 10206 HARR 383
s, SORA 4742 196
cov 549 T4 51
Vigceral mass 4372 Fa06 192
s.dd 2764 943 69
C.v. 6 59 36

plotted against whole body weight and shell volume (o show systemalic varigtion
(Table 6}. Variation in concentrations in the mantle was the most sysiematic and the
mostlikely to warrant further investigation. However, multiple correlation was not as
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high as for whole body concentrations (Jones, unpublished data). Hence {rom the
point of view of reducing random varabidity there 13 no virtue in analysing organs
separately,

Table 6. Corretation coefficients (r) for relationships of mefai concentrations in srgans with whole body dry
weight and shell volume
The correlations between whole body metal concentrations and these variables are shown for comparison,
March sample. n = 210 % F o= (-05 % P = 001, ¥%% P = {-00}

Whale hody dry weight v Shell volume v,
Metal conen Metal conen Metal conen Metal conen
Metu Organ T Orguns in whole body N organs i whole body
Iron Gills + palps -~ 008 (31
Kiudrey + heart 0-22 (- S8**
Foot —{) 37* —(-46* - 08 (- 46*
Muntle - f SaR f-42%
Visceral mass w1 40 - 40
Manganese  (hlis + palps & 00 0.40%
Kidney + heant =04 (- 57e*
Foat — (- 40% — (1 45% —-02 (42
Mantle — {50 23
Visceral mass - ). 52 (-28
Zine Gills + palps - 0-12 0-03
ridney -+ heart -3+ 32 {05
Foot — {37 —0-T5%x —0-26 0-00
Muantle — (- 7GR -0-10
Viscerat mass — (b fTREE —0-19

The patterns of iron, manganese and zinc distribution in V. ambigus (Tables 5 and
7y are broadly similar to those reported in other freshwater mussels. Iron
concentrations in the gilis and mantie, relative to the rest of the body, are higher than
those in the North American species Elliptio compiaernata {Hobden 1970). Also the

Table 7. Average percentage of total body meta] content in major organs of
V. anthiguns

March sample. n= 21, Standard deviations in parentheses

Organ fron Manganese Zime
Cailis + palps 20-3 487 325
143 (11-3) {(9-8)

Kidney + hean 3-8 51 5-3
(2-1} {32y (59}

Faoot LR -6 3-7
{52y (1) {19

Mantie 20-7 185 147
6 h (743 {38y

Visceral mass 52-2 267 438
(16-2) (8- 8) (115}

average concentration in I ambizuus is two orders of magnitude higher, reflecting
high iron concentrations in the River Murray, For manganese the distribution pattern
is almost identical with that recorded in other specizs, with the dominant feature being
very high concentrations in the gills (Harrison 1469, Seah and Hobden 1969). The

e SR IR

i

et

S—

P e e



Tones and K 17, Walker

a). Henee from the
N analysing organs
tuns with whole hody dry

shown {or comparison.
1001

kelt volume ».

e Metal conen
s m whole body
e

- 40*

(- 42%

0-00

guus (Tables 5 and
er mussels. Iron
Iy, are higher than
n 19700, Also the

srgans of

Zmg

o~
oD T
L TLay

ek b B e a0 T

higher, refiecting
stribution pattern
want feature being
shden 1969), The

e AR

TR o A

T g SBERE WO UERE. s

s

s

s

.

RN

JE—

Accumulation of Metals by the Freshwiter Mussel 744

calcarcous tissue in the pills of Anodonta nuttaliong. found by Hauarrison to contain
extremely high concentrations of manganese, was not evident in ambiguus and for
sake of comparison was considered part of the gills. The only notabie feature of the
distnbution of zine is that the conceniration in the Kidney + hieart is much higher.
relative to the other organs, than in other species (Harrison 1966, 1969; Pauley and
Nakatani 1968).

The gills, and to a lesser extent the mantle, have high concentrations of all metals.
They also contain large patches of granules. The foot, which contains no granules
(Ch'ng-Tan 1968), has the lowest metal concentrations of all the organs analysed,
These lacts are consistent with the distribution of metals amongst the major organs
being largely associated with the distribution of storage granules.

Response of Mussels 1o Changing Concentrations of fron in situ

Water samples were collected once or twice weekly between Murch and September
1977, and analysed for total iron concentrations so that the average concentrations m
the monthly samples of mussels could be compared with any changes in river
concentrations (Fig. 1), Data on changes in water temperature. suspended and
dissolved selids and flow rate also were obtained. Concentrations of biologically
availableiron (soluble or loosely bound and leached by acetic acid) measured at Lock 9
on the River Murray were supplied by the South Australian Engineering and Water
Supply Department.

Differences in the average metal concentrations of mussel samples are not readily
shown by the comparison of multiple regressions. Te show this, values for iron for a
'standard” mussel of 3-5 gdry weight and 40 cm® shell volume (about the middle of the
size tange for all samples) were derived from multipie regressions of iron concentration
against body weight and shell volume. Sample sizes were 7 = 21 (March), n = 14
(April), n = 23 (August), and » = 11 (September), and iron concentrations {(in pgig)
were 5574, 4746, 5199 and 5211 for these months respectively.

Although concentrations in the standard mussel rose shightly from April to August
and September, none of the monthly regressions were significantly different. The sharp
increase in both total and available iron during mid-April and sustained throughout
the sampling period, was not reflected by concentrations in V. armbiguus. This is not
readily explained. Although the acuvity of mussels may be reduced by cold
temperatures, animals were found filtering during May, August and September, and it
seems unlikely that cooler water temperatures (minimum 10-5°C in Fuly) can fully
explain the lack of response. Alternatively, the mussels may closely regulate their iron
content, but this seems incongruous with the high concentrations that they contain and
the large number of storage granules. It is possible that an increase in the
concentrations in the mussels occurred, but was small in comparison to the base levels
already present and was not detectable above the background variability, This seems
most likely, perhaps in conjunction with other factors.

Conclusions

The variability of metal concentrations between individuals of V. ambiguus must
limit its usefulness as a monitor. Some systematic variation can be taken into account
by careful choice of samples within limited size ranges and’or normalization using
regressions (e.g. Phillips 19764), but a large unpredictable component remains, This is
not ebviated by the analysis of any of the major organs or by separating sexes, and is
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unlikely to be markedly reduced by starving animals before analysis. The amount of
variability 1s not unusual, being similar o that in most other moluses analysed for
heavy metals (e.p. Chow er al. 1976; Phillips 19764, 19765 Coughtrey and Murtin
19773, Apart from reducing the sensitivity of comparisons. it necessitates farge sumple
sizes which increase the time and expense of analyses. In routine monitoring tus
disadvantapge may be lessened by pooling a large number of animals and analysing
homogenate subsamples {Mackay e7 af. 1975).

The correlation of iron, manganese and perhaps zine concentrations with age has
been attributed to a permanent store of excess metal. When permanently stored metal
accounts for a large proportion of the total metal concentralion, it may reduce the
apparent responsiveness of mussels to changes in ambient concentrations. Thisinturn
increases the likelikood that the response wili be obscured by variability. Therefore the
potential of V. ambiguus as & shori-term monitor may be further limited for metals
which are accumulated in a large permanent store. On the other hand, it may be useful
as a long-lerm and site comparison monitor of such metals. Permanently stored metal
may be avoided by analysis of the foot, in which metal concentrations have no

correlation with age

Finally, the lack of response of

Acknowledgment

ambipuns 1o large increases in the ambient
concentrations of biciogically available iron means that it would not be a good short-
erm monitor of this metal. Controlled laboratory experiments of metal uptake and
excretion are needed to further investigate its response to other metals. and to explain
maore clearty the response to iron.
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