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ABSTRACT

.'
...

.... .'

.. Marine contamination has been the object of a number of

scientific studies, including the use of bivalves as

. biologi~al monitors: ~his study investigates the feasibility

of 'using Hytilus edulls shells as'environmental recorders

for'lead contamination.

Samples of suspended particulate matter, surficial

sediments and live mussels were collected from three

locations: New Brunswick's northshore, in an industrialized

region'involved with the refining (Belledune Harbour) and

stockpiling (Dalhous~e Harbour) of lead/zinc ores; tidal
~

flats near an urbanized area (Rimouski, Quebec), and a

remote estuary (Negro Harbou~, Noya Scotia). Organic and

inorganic carbon fractions of the sediments were determined

by combustion. Major and trace elements were determined by

X-ray fluorescence spectrometry. Sequential extraction

techniques were employed to stUdy the partitioning of iron,

manganese and lead among various sedimentary phases. Atomic

absorption spectrometry was applied for the analyses of

these three metals, as weil as the lead obtained from the

acid digests of the suspended particulate matter, tissue apd

shell components. A method was developed to separate the

outer calcitic and inner aragonitic shell layers. Scanning
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electron mic~oscopy was used to define the separation

,
bound~ry betw~en these two shell ray~rs.·The number and

thickness of the "annual layers" in the nacreous shell

component were determined using acetate peels. The v~rlatlon

of lead contamination occurring during the muss'e~_' _Ii fetlme

was estlmatea by sUbsampling the oldest and" most recently'

deposited nacr~ in the shells.

The total lead concentrations ,in the sedim~nts

collected from Belledune Harbour, Dalhousie Harbour,
•

Rlmouski and Negro Harbour were 9,41, 1-08, 21 'and 29 JJg/g,

respectively. Similar amounts of lead were extracted from

the sediments except at Negro Harbour where only 13 JJg/g

lead was extracted. The ~ighest and lowest tissue (shell)

lead levels were detected in mussels collected from near. - .
r

Belledune Harbour and Negro Harbour, 456 (49) and 2 «0.5)

JJg/g, respectively, whereas mussels sampled from Dalhousie

Harbour and Rimouski contained comparable amounts of lead, 9

(0.8) Ug/g. The tissue and shell lead concentrations were

not influenced by mussel size. The lead levels in the

nacreous shell layers weie correlated (r:0~966-) with those

in the tissues, and were best related to thi lead obtained

from the second fraction of the sequential extraction, lead

bound to carbonates. The higher phosphorus concentration at

one station in Belledune Harbour, 83 (1.33%),·may have

supp!essed the uptake of read in the mussels at this site,

150 U9/g tissue Pb and 13 U9/g shell Pb. Significant changes
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of lead conc~ntrat1ons within the nacreous shells of

mussels colleoted near' Belledune'Harbour (19 ~nd 45 ~~/g),

reflected variations of lead levels in sediments.

This study demonstrates-that Hyt11us edu11i-shells,

reflect the biological uptake of lead during the lifespan of
t .

'. '

~h~ ?rganisms, and serve as environmental leaq recorders.

\

(

v



. ~, 0/
-' .-:

~ -,

'.

"

.'

.
','

' .. ,

To. the new kid" on the block,
,..

Maxime

,~.

-,

vi

.'.'.

"



-- -

.~

."

..

". .-...
. ~'.. ' .~.

~

ACKNOWLEDGEMENTS

The writer wishes to express his gratitude to Or.

M.J.R~sk, his research"supervisor, fpr bis guidance and

encouragement through all phases of this work.

Appreciation is als.o expressed to Dr. G. Westermann, Dr.

B.McCa·nn and Dr.'-A.Tessier for their many informal

discussion pertaining to m~ny aspects of this work. To Dr .

•DIShaw, Dr.-R.McNutt, Dr. J.Lott and Dr. A. Corsini, I

exte'nd my thanks for the use of their labora tory facil.i ties.

Thanks are also expressed to Ms. C.Leblanc, Mr. C.Rose,

Mr. J.Magwood, and my diving buddy Mr. A.Kagazchi for their

excellent ass~stance in the field. A speci~l thanks to Hr.

Pierre Marcoux' for the "cold ones" during the air fills.

A special note of appreciation to Ms. Catherine

HacLaggan (Department of Municipal Affairs and Environment,

Fredericton) and Hr. Peter Maloney and Mr. Gary Bus~ey

(Brun7wick Mining and Fertilizer, Belledune) for supplying

data reports and ore samples.

To the excellent support staff of the Department of
\

Geolo~y, McMaster Uni~ersityy specifically Mrs. J. Allen,

Mrs. E. Cutler, Mrs. A. Antanavicius, Ms. J. Gleed, Mr. J .

McAndrews, and Mr. J. Whorwood, I extend my gratitude for

vii



thelr friendship ana for their ~fforts on my_.behalf during
I!.

this study.

A very special note of appreciation to Mr. Otakar
.; .

"I 0i . \ I'

I

Hudroch for the XRF determinations and to Mrs. Alena Mudroch

-fo~ the use of her laboratory. I am indebted for ~he

unlimited friendship, gUidance a~d confidence they have

• shown in me throughout this study.

Finally, I would like to express my gratitude to my

wife Frao¥oise for her love and pati~nce during the

completion of this study.

/

-

"iii



.. 1 .

\

. TABLE OF CONTENTS
\

Chapter 1: INTRODUCTION

1.0 SURVEYS OF TRACE METAL ABUNDANCE·USING WATER,

.. . 1

1.1

1.2

Water Analysis . . .

Sediment Ana1lysis :-:r~ . • • • ,10

. 1

-
3

1.3 Biological Indicators

1.3.1 Trace Metal Uptake Routes.

1.3.2 Criteria for Selecting Biological

Indicators

2.0 VARIABILITY of TRACE ME~L CONCENTRATIONS in

TISSUES . .

2.1 Effects of depuration

2.2 Metal Fractionation Among Various

6

6

7

-.-
9

. 10

Tissues IOrgans . .. .. -: .. 10

2.3 Environmental Fluctuations of Trace.

Metals . . . . . . . .. . .
~ - .~ . '. 11

2.4 Trace Metal Concentration/Size
J

Relationships

2.5 Reproductive and Phy~iological State of

12

3.0

the Organisms

ALTERNATIVE.APPROACHES

ix

13

16 -..

.-:'1.....



, ""

3.~ ·Trace Metal Uptake in Bivalve Shells 17

. . .

3.2 Advantages of Shell Trace Metal Analyses 19

3.3 Bivalve Shell~ as Environmental

Recorders . . . . . · . 19

4.0 SHELL STRUCTURE AND FORMATION · · · . . 20

4.1 Periostracum . . . . 21

4.2 Organic Shell Matrix · · · 21

4.3 Shell Mineralogy - 22

4.4 Shell Formation 26

5.0 ACTIVE versus PASS~VE METAL ENRICHMENT 30

·6.0 BIVALVE AGE DETERMINATION . · · · 31

Chapter 2: MATERIALS AND METHODS

1.0 STUDY AREA . . . . . .
1.1 Belledune Harbour

1.2 Dalhousie Harbou~

2.0 SAMPLING . . .
2.1 Sampling Stations · · ·
2.2' Suspended Particulate Matter Samples

,
2.3 Sediment Samples

2.4 ~ussel Samples

3.0 EXPERIMENTAL

3.1 Fractured Shells for Scanning Electron

Microscopy . . .

3.2 Acetate Peels of Shell Sections for Age

..

'33

36

39

42

42 ,.
42

. 46

46

46

46

Determinations

x

. ~. 47.



,

4.0 ANALYSES 48

..

4.r Pb in Suspended Particulate.Matter (SPM) 48

4.2 Metal DetermiRation in the Sediments. 49

4.2.1 X-Ray Fluorescence Spectrometry ~

(XRF) .

4.-2.2 Sequential Extraction .

4.3 Lead Determination in Biological
. I
Material .... '. . . .. .

4.3.1 Tissue Lead Analyses

4.3.2 Periostracum Lead Analyses-

49

52

54

54

55

4.3.3 Shell Le~d Anafyses . 56

4.3.3.1 Aragonite . ~ . 56

4.3.'3.2 Calcite.

4.3.4 Quality Control Assurance.

4.4 Sediment Carbon Determination .

4.5 Shell Organic Matrix Determination

~ Chapter 3: RESULTS
..

1.0 Total Organic Carbon (TOC) in sediment

samples . . . .-

56

57

58

58

60

2.0 Major and Trace Element Analyses of Sediments 61

~.l X-ray Fluorescence Spectrocoscopy

2.1.1 Major Elements

2.1.2 Trace Elements
).

~

2.2 Sequential Extraction . ~

61 ..

61

63

63

\. 2.2.1 Manganese

xi

64



4.0 BIOLOGICAL ~ATERIAL .

. .... { .

SUSPENDE~ PARTICULATE MATTER (SPH)

2.2.2 Iron

2.2·.3 Lead . .. . .' . .f

... .'

...
....

64

67

" 67

70

4~1 Separation of the Aragonitic and
.
Carcitic Shell Layers

4.2· Organic Matrix and Leaa Content in

Aragonite ana

4.3 Leaa levels in the Periostracum

5.0 SHELL AND TISSUE LEAD QETERMINATI~NS

6.D Bivalve - Sediment ~*tionships

7.0 LEAD CONCENTRATION vs TOTAL SHELL ~EIGHT

70

73

7-4

79

83

8.G SIZE' DEPENDENT RELATIONSHIPS . ,.. . 86

Estimation of "Past" Lead Levels in Myti1us. .
edulis

Chapter 4: DISCUSSION AND CONCLUSION

1.0 LEAD UPTAKE vs ENVIRONMENTAL LEAD' LEVELS

1.1 . Sedimentary Components

1.2 Total Phosphorus : . .

1.3 Suspended Particulate Hatter

2.0 LEAD LEVELS in SHELL COMPONENTS

'"2~1 Periostracum .

2.2 Aragonite and Calcite Shell Layers

3.0 Relationship Between Lead Levels in the

89

97

97

100

102

104

104

107.

Tissues and

xii

....

. . " 110



-4.0

...

ESTIHATION of PAST Pb LEVELS in Myti~us

edulls ~. . .
- /'

ll~'

5.0 CONCLUSION

--~---:----

REFERENCES

--. . . . .- . . . .

xiii

" ,

115

\ #



2.1

LIST .OF TABLES

Depth, s~linity and ty.pes of-samples
collected at Dalhousie Harbour (D),
Belledune Harbour (B), a coastal transect
(C), ~iguasha Point (MIG), Eel Bay (Eel),
Rimouski (Riki), Negro Harbour (NH).

Concentration of total carbon and its
importance as organic and inorganic
carbon in the sediment samples (percent
dry we ight) .

45

61

-

3.2 Total and trace element content in
sediment samples as determined by X-ray
fluorescence spectrometry (dry weight).

3.3 Ma~ganese concentrations obtained in"the
,va~i~us extracted fractions' of the
sediment -samples.--Average of duplicate
samples and standard'deviations (:). All
results are in ~g/g (dry weight) unless
otherwise stated. S(FS) represents the
~um of the five fractions; Total: total
Mn as determined by X-ray "fluorescence
spectrometry; Extraced Mn =S(FS) Tot Mn.

3.4 Iron concentrations obtained in the
various extracted fractions of the
sediment samples. Average of duplicate
samples and standard deviations (:). All
results are 1n ~g/g unless otherwise
stated. S(FS) represents the su~-of the
five fractions; Tot Fe: total Fe as

It'

determined by X-ray flnorescence
spectrometry; Extr Fe = S (FS). ~ Tot Fe.

3.S Lead concentrations obtained in' the
various extracted fractions of the
sediment samples. Average of duplicate
samples and standard· deviations (:). All
results are in ~9/9 unless otherwise
stated. S(FS) represents the sum of the
five fractions; Tot Pb: total Pb as
determined by X-~ay fluorescence
spectrometry; Extr Pb = S(FS) . Tot Pb.

xiv

62

~65

"66

68



..

(

•

3.6 'Lead concentration in suspended
particulate matter (SPH) !collected

~ approximat~ly 30 cm above the sediment bed.

3.7 Organlc matrix and-lead concentration
i~ the aragonit~calciticshell
layer:s of Hytilus, eduljs. _ . .

3.8 Lead concentration (J,lg/g) 'in th.e
periostrac~m sampled from three different
regions of Hytl1uS edulis shells.

3.9 Average shell size (length and weight)
and lead concentrations in Hytilus edulis
tissues and shells (i.e., nacreous
layer). Averages of 10 analyses.
CQnfidence intervals (c.i.) 'calculated
using the expression: tts/~n; s: standard
deviation; t: value at the 95% confidence
level and n-1 degrees of freedom; n:,
number of analyses.

".

xv•

/

69

73

74

75

"'



'. ,

LIST OF FIGURES

Figure Page

1.1. Scanning electron micrograph ofoa fractured
anteroposterior longitudinal section of the
calcite and aragonite shell layers of Hytilus
edulis L. The outer and inner shell surfaces
are toward the top an~ bottom of the
micrographs, respectively. Scale bars are 1 ~m

for A, C, E and 10 um for. B, 0, F . -o[ A] irregular
aragonite prisms of the pallial myostracum. (
[Bl myostraca1 band separating the outer (top)
and inner (bottom) shell layers. [Cl polygonal
calcite prisms of the outer shell layer. [0]
sheet-like arrangement of the calc~te prisms
of the outer shell layer. [F] nacreous tablets
arranged in steplike patterns characteristic
of bivalve nacre. 25

1.2. Radial section of the mantle edge of a
Hytilus edulis shell to show the relationship
between the shell and mantle (not to scale).
EPS, Extrapallial space; IE, inner epithelium;
IF, inner fold; LPM, longitudinal pallial
muscle;'MF, middle fold; NC, nacreous shell
layer; OE, outer epithelium; OF, outer fold;
P, periostracum; PG, periostracal groove; PL,
pallial line; PM, pallial muscle; PR,
prismatic shell layer.

2.1. Location map of the Selledune-Dalhousie study
area in the Baie des Chaleurs.

2.2. Samplin~ s~ations (Bl - B4) at Belledune ~harf.

Liquid discharges were dumped directly into
the harbour near B4 until 1981 when it was
moved onto the coast. The-gypsum-laden
effluent. from the f~rtilizer plant i~ dumped
on the norther side of the breakwater,
d~rectly across from 82 .

. 2.3. Sampling stations at Dalhousie ~arbour

(01 - D9) and at. Miguasha Point (MI-G) and Eel
-Bay (EEL). Concentrates are stockpiled at the
western part of the harbour and dredging
spoils are dumped into "West Bay~1"""

xvi

28

35

38

41



Figure Page

2.4. Location map of sampling stations at
Rimouski, Quebec (RIKI), the Belledune
Pe~it Rocher area eCl - C4), and Negro
Harbour, Nova Scotia (NH).

Wharf-

44

'.

2.5. Flowchart for the sediment analyses.

3.1 A: Fractures in the outer calcitic prismatic
component in Hytilus edulis L. The underlying.. .
aragonitic nacreous shell component (n) is
largely intact, despite the extensive fracture
propagation within the prismatic calcite (p).

_ B: Intact valve of Hytilus edulis (right) and
separated shell. components after heating at

. 400 0 C; reconstructed prismatic component (p)
and intact nacreous shell c01'il-ponent (n) ..

3.2. Rela~~onship between the lead levels in the
aragon~tic shell component and the tissues of
Hytilus} edulis. Averages':of 10 determinations ..
except~2 which compirses 30 determinations.
Vertica~ and horizontal lines represent 2cr
confidence intervals.

3,3. Relationship between the lead levels in
Hytilus edulis tissues and various ~edimentary

components. A: Tissue lead vs. lead obtained
from, the second fraction of the sequential
extraction, "lead bound to the carbonates".
B: Tissue lead vs lead obtained from the
second fraction normalized by the amount of
to.tal sulphur in the sediments as de~errnined
by XRF. RIKI: sample collected from ~imouski..
03: sample ,collected near the ore-lo~ng

facility at Dalhousie Harbour. .'\

3.4. A: Relationship between shell length (mm')\
and the corresponding total shell weight rg) in
Hytl"1us edulis valves. B: Relationship
betw~en shell'length (mm),and the percentage
of aragonite in Hytilus edulis shells.

/ '

3.5. Relationship between the sQell weight (9) and
:dry tissue weight .< mg) in Hytil us edul is.

3.6.'Relationship between shell. lead concentrations
(Ug/g) and ,total shell weight in Hytilus'
equlis. AM .. arithmetric mean;'GM, geometric
mean; crossed-hatched bar, standard deviation;
vertical lines, data range.

xvii

51

72

78

82

85

88

91

•



Figure

.....
:

..Page

3.7. Frequency distribution of the "annual lay~rs"

in Hytilus edulis shells, as determined by
acetate peel examinations of longitudinal
valve sections (x: 6S t 3 mm shell length) in
samples collect~d .from 03, B2 and Cl. x,
average thickness o~ an annual layer; s,
standard deviation.

3.8. Shell lead concentration (~gfg) determined in.
discrete regions of the nacreous shell
component of -Hytilus edulis. Each value
represents the me~n of either 6 (U~) or 31 (B2
and Cl) analyses. 'The vertical lines across '
the bars represent 2-a confidence intervals.

-

xviii

93

96



I

................
~. ," ..:. .

..

-

\

Chapter 1: INTRODUCTION

___,_/r-..

1.0 'SURVEYS OF TRACE METAL ABUNDANCE USING WATER,

SEDIMENTS, OR BIOLOGICAL INDICATORS.

The pollution of coastal areas by trace metals can

be stud·ie'd by the analysis of trace metals in water, sedi

ments, or some members of the indigenous~ota common to all

~egions. Because of the present knowledge Qf trace metal

cycling in the ecosphere at the present time, anyone of

. these app~oaches may be criticised. The choice of study

method must also take into account the applicability to the

final. method to othe~ a~eas, expense, instrumentation ~nd

personnel needed, etc.

1.1 Water Analysis

Analysis of seawater is perhaps the most obvious way

of assess~n9 contamination-and many authors have regorted

data specifically concerning the concentrations of trace

metals in water from open ocean a~eas, ,nearshore or coastal

areas or estuaries. Trace me~als in water exist partly in
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