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PREFACE

The presenct' of the New Brunswick ~llning and Smelting Corporiltion Ltd, (Smel ting Division) operation in
Belledonl', New Brunswick, has, since its construction, rl'prespnt",j a potentia! soorce of heavy metals to the
Bail' de Chaleur. Biological monitoring studil's, both hy the company and hy the federal Departments of
Environment and Fisheries, have maintained a continuing watch on the influence of smelter pollutants on the
marine environment. The results of these studies showed elevated levels of heavy metals in the immediate
area, but the effects were localized and the effects on the marine resources were not considered significant.

The BrunswIck Smelting report documenting the 1979 biological monitoring activities in the Belledune area
was made available to the Department of Fisheries and Oceans April 18, 1980. This report indicated that the
concentrations of heavy metals, in particular cadmium, have been increasing at an accelerated rate In several
marIne resources. The area affected, as delIneated by concentrations of cadmIum In mussels "upstream" and
below Belledune Harbour, was expandIng. Most significantly, the levels of cadmium In lobsters in Belledune
Harbour were becoming dangerous from a publ Ie health standpoint.

With the lobster S'''lson destined to open May 1st, rapid action was required. The Director General,
Fisheries MBnagement i>1arLtimes Region, declared that emergency procedures he instituted to investigate the
sitlliltion and to develop recommendations regarding the (?xploitatIon of the lobster resource from the Belledune
area. The Bedford Institute of Oce,1nography offered its assistance In the investigations. The Fisheries and
Environmental Sciences DivisIon of the Maritimes Resource Branch was identified as the lead organizatIon to
carry out the required scienti fic investigations on behal f of the Department.

The immediate research objectives were (1) to determine the geographic extent of cadmium contamination of
lobster stocks in Bc'lledune Harbour and adjacent vicinity and to delineate where elevated cadmium levels in
lobster return to "baseline"; (2) to develop scientific evidence necessary to establish a "safe" level for
cadmium in lobster; (3) to determine the extent to \"hich the sediments were contaminated with cadmium and the
effect of local currents and oceanic circulation on the distribution of cadmium in the area; (4) to evaluate
the effect of cadmium on the other marine resources in the area. In addition to the above investigations,
there remained the operational requirements to meet wIth fishermen's groups, to establish a controlled fishing
zone where all lobslf>rs would have to be spec ially processed, to encourage implementation of the planned
improvements to the effluent control facilities at the smelter, and to develop, with Health and Welfare
Canada, appropriate "tolerance" limits for cadmium in lobster.

'Ihis report represents the scientific data base that was developed in response to this emergency. It
represents an important benchmark on the presence and distribution of cadmium in the ~lledune area (against
which future pollution control actions can be measured) and provides a better understanding of the fate and
bioiogical effects of cadmIum on the lobster. The use of the information provided by this report and the
continuing research efforts by Noranda Research on behalf of Brunswick Smelting and the effluent treatment
facilities should ultimately lead to an Improved marine habitat in the Belledune area. Strategies for the
management of the Belledune lobster fishery in 1981 are already being planned; with suffIcient lead time,
there should be no undue dIsruptIon in the 1981 lobster fishery in the Belledune area.

It is important to take this opportunity to acknowledge the cooperation and assistance received from
Brunswjck SIlK~lting and the Noranda Research Centre~ The cooper<ltion received from the Environmental
Prot"ct!on S"rvice of the Department of the Environment and the New Brunswick Department of Environment !s
also acknowledged. A special note of gratitude is extended to the staff of the Area ~1anager, Northern New
Brunswick, to D. G. Robinson of the Invertebrat"s and Marine Plants Division, and to the scientists of the
Bedford Institute of Oceanography for asststance and contributions~ Finally, I acknovlledge the major efforts
made hy Di vision sta ff at the Hal jfax I~'lboratory and ilt the Biological Station for their professional isms and
dedication during tllese emergency investigations~

The EdItors and I wish to acknowledge thc' assistance of Ms. Ruth Garnett for technical editing and Mrs.
Brenda McCullough for typing and assembling the report.

R. H. Cook, Chief
Fisheries and Environmental Sciences
Department of Fisheries and Oceans
Biological Station
St. Andrews, N.B. EOG 2XO
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ABSTRACT

Uthe, J. F., and V. Zitko [Editors]. 1980. Cadmium pollution of Belledune Harbour, Ne\oJ Brunswick, Canada.
Can. Tech. Rep. Fish. Aquat. Sci. 963, v + 107 p.

gesults of investigation of cadmIum (Cd) pollutIon in Belledune Harbour, New Brunswick, Canada, in April­
June 1980 are described. 11,e investigation was carried out by the Department of Fisheries and Oce,ms in
response to studies by Brunswick Mining and Smelting CorporatIon Limited (Smelting Division) that indicated an
increase of Cd concl'ntration In bl"e mussel (~l'!-il-,!-,,- ed~is) and the American lobster (Homa~ll£ americ,,_nus)
between 1977 and 1979.

Brunswick Smelting lead (Pb) smelter at Belledune is the source of Cd in Belledune Harbour and in the
immediate vicinity. 1he smelter processes Pb concentrate and Pb!Cd dust into refined Pb by traditional
smelttng and refining techniques. Sources of Cd are emissions, surface runoff, slag pond discharge, and
leaching of slag and Cd baghouse dust, containing Cd at about <0.01 and 9% respectively. The baghouse dust is
recycled unti 1 the concentration of Cd reaches about 10% \,rhen it is bled off and shipped elsewhere for
refining. Cd is readily leachable from both the slag and baghouse dust by seawater.

The; exchange 0 ,,'ater between Belledune Harbour and coastal flow in the Bay of Chaleur to the southeast
app",ars to be' limited to diffusion, but this may be changed by easterly or northeasterly winds.

The cOllcf'ntration of Cd in \,rater within Bel ledune Harbour (tl"o samples) was 125 pg!L near the smelter
outLJ11, located at the east end, and 2'1.5 pg!L in the c,'nter of tht' harbour, and decrpa.sed to 0.1-2.0 pg!L
out,:idE' the harhour. The concentration of Cd in sediment was 9-(;1 Pg!g dry weight with the highest values in
the western part and O.4-LO pg!g outside the harbour. II band of contaminated sediment extended diagonally to
the southe'as!' to a distilnc" of about 12 km from the mouth of the harhour. Belledune Harbour water and
sediment were highly contaminated by zinc as .,ell.

The concentration of Cd in biota had a similar pattern. Outside the harbour Laminar~ digit~t:.."" Fucus
vesi~~lo~2' and ~SCC1)hyl]~~ nodosum contained 0.4-1.8, 1.3-30, and 0.3-18 Pg Cd!g wet weight, respectively.
Cd content of ~tiJus _e,dulis, Nodiolus modiolus, Cancer irroratus gill, coxal muscle, cheliped muscle,
hepatopancreas, Littorina littorea, and Buccinum undatum was 7.9-112, 15.2-55.6, 1.7-53.5,0.2-29.2,0.1-8.1,
2. '3-394, 1. 1-1,4,~and 0:4'=138 pg!g -dry weight, respe-c--- The concentrati.on of Cd in polychaetes, flatfish
viscera and muscle was 0.2-3.6, 0.3-2.0, and 0.02-0.4 dry weight, respectively. Lobsters within the
harbollr were highly contaminated. '111E' geometric mean concentration of Cd in the hepatopancreas was 176
(N~29), 62 (N~28) ilnd 24 Pg!g wet weight (N~30) in lobsters from the western and eastern parts and just
outside the harbour, respectively. At approximat('ly 17 km from the mouth of the harbour to the southeast the
concentration was 11.6 pg!g wet weight (N~31). Geometric means of Cd concentration in lobster hepatopancreas
rrc~m v:lrious lot'nIttic-'s in eastern Cnnac!':l range from ~8 to 1792 ug/g wet weight~

Stud [ or ::ldcnylate energy chnrgl', ATPase ':1ctlvity, and histology do not indicate any advprsp effects of
Cel on lobst,'rs from Be l.Iedunp Harbour.

A revievJ of the 1 'Lterature indicates that marine fauna accumulates Cd from seaW':lter even if concentration
of Cd is ilS low as 0.5 J.lg!L, and the excretion rate of Cd appears exceedi.ngly ]0\". Excretion of Cd from
lobsters could not be achieved by feeding or injecting chelating agents. l1,e availability of CAl to rats from
t'ont:l.lTllnated hepatopancrC'<:ls was only about 50% of that from a Cd-contaminaterl, casein-based diet ..

Kc'y \-vords: cadmilffil) lead, 7:inc, heavy metals, trace elements, mi.ning, smelting, Ameri.can lobster, bivalve
molluscs, crabs, Belledulle
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Uthe, J. F., and V. Zitko [Editors]. 1980. Cadmium pollution of BeJledune Harbour, New Brunswick, Canada.
Can. Tech. Rep. Fish. Aquae. Sci. 963, v + 107 p.

Les auteurs pres('ntent les resultats d'une etude realisee ('n mai et JUln 1980 par Ie ministere des Peches
e t Oceans, portant sur la pollution par Ie cadmium du port de Belledune et basee sur l'information transmise
par Brunswick Mining and Smelting Corporation Limited (Smelting Division) indiquant une augmentation de la
concentration du cadmitun chez la moule bleue, MyJJ:.lus edulis, et Ie homard, Homarus americanus, entre 1977 et
1979.

BCUl1SW:ick Smelting exploi unt? jnnderie de p10mb ij Belledunp ('11 bordure du port. La fonderie transforme

un concentrc de plomb et lH1f' poussier{' enrichie de plomh-cadmiurH illl moyen des tE'chniqllQS traditionnelles de
fusion et de raffinage~ Le cadm'ium rt' rOLIVe dans Ie port t't dans les C'llvirons .immediats provient des divE:~rses

operations de 12 fonderie (,t plus partlcuLicremen dE's emissions, ciu nd.sspllement ell) surface, des
d6versPInents du bassin de r6tention (lcs scories et finalement de In lixiviatlon des seories et des POllssi~res

de 1;1 chambre d,'s flLtres. Ces scorles et ces poussieres ont une tenuer resppctive en cadmium de <0,01 et de
9%. Les poussieres de 13 chambre des filtres sont ensuit(J recyclees jusqu'i'i ce que la teneur en cadmium
t1tteigne JO%; elles en sont alors retirees puis expediees a d'autres raffineries. Des experiences ont
dcmontre que le cadmium est lixiviable dps scories et de la pOllssiere au contact de l'eau de mer.

Les echanges d' eau entre Ie port et Ie courant cotier de la Baie Des Chaleurs, lequel est oripnte vers Ie
sud-est, semblent se limiter i'i une diffusion. Cependant, il est possible que des pcriodes de vents d'est ou
du nord-est, modifip ce modele.

Le concentrations de cadmium dans lleau de mer (d'apres l'analys(~ de deux echantillons) etaient de 125
~g/L pres de l' effluent dp la fondede si tuee dans la partie est du port et de 25, 5 ~g/L au centre de port
hoes duguf'l ptles baissaient a 0,2-2,0 l-Ig/Lo Dans les sediments, If'S concentrations variaient entre 9 et 61
PgJ danslE' port, Ie::> maxima ettlnt ohserves dans 1a partie ouest pour diminuer entre 0,4 et 1,0 Ilg/g a
l'est6rieur du p(Jrt. lIne hande de s8diments contamines, orientee vers Ie sud-est, s'etend sur 12 km a l~rtir

de l' entree elll port. Les e3ux et les sediments du port etaient egalement fort contamines par Ie zinc.

Pour ce qui est des concentrations de cadmium dans Ie biotope marin, 00 remarquait 1a m@me tendance. A
I 'exteri"ur du port, des echantilLons de Laminaria Fuc~ vesiculosus, et Ascophvl1um nodosum
contenalent ti.vement 0,4-1,8; 1, et de poids humide. Les concentrations en cadmium,
exprimces ('n de poids sec du tissu analyse, ont ete detenninees chez Mytilus edulis (7,9-112), Hodiolus

(15,2-55,6), 1,7-53,5, muscles coxaux: 0,2-29,2, moscles des chelipedes:
, hepatopanereas: (1,1,-41,), Buccinum undatum (0,4-138), les polychetes

(0,2-3,6), et dans les muscles (0,3-2,0) des poissons pl;~ts. Les homards du port
('t;ll fortement contamin\~s~ Ainsl les moyennes geometriqups des concpotrations de cadmium dans l'hepato-
pancreas des homards echantillonnes dans la partie ouest et est du port etaient respectivement de 176 (N=29)
el de 62 (N=30) "g/g de poids humide i'i l'exterieur du port dans sa per immediate. A 17 km de I'entree
du po, ]e. ion de cadmium etai.t de 11,6 ~ de poids humide (N=31). Chez les
hom'::-lrds ecllantillonnes en di.vers endroits de l'est du Canada, les moyennes geometriques des concentrations en
cadmium des hepatopa.ncr6as varien de 2,8 a 17,2 pg/g de poids humide.

],'

d 'he pa
l' he?: le

tude 1a charge €nerg€tique des ad§nylates, de l'activit§ ATP-asique et des coupes histologiques
pancreas indiquE> que le cadmium, aux concentrations observees, ne semble pas avoi.r d'effets nocifs
homard dt] port de Belledune~

D'clpres une etude bibliographique, 1a jaune marine cone entre ell] cadmium meme lorsque ce dernier est
tJr6sl>11t clans 1 'eall de mer ~ des niveaux Bussi bas qlle 0,05 ug/L, et semhle ne l'excreter que tr~s lentementc
Ains] des l.>xpertpl1ces d1ingestion et d'injection d'agents ch61atC'urs chpz 1e homard n'ont pas rellssi a
pruvoqucr UlH> excretlcHl dll l'admlUrn~ De plus, des experiences ont demontre que dt's rats nOl1rris avec des
heptlLOpancreas conU-1mines n'assimilent <ju'environ1a mOltie riu cadmium qll'ils assfmilpnt d'un regime Cd

sei.niqlll? C'nrich:! de cac1miumc
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The discovery of high cadmium (Cd) levels in
lobsters taken from the Belledune Harbour area this
year poses a significant resource management problem
as well as environmental protection ramifications.
While the most urgent problem that had to be
addressed when the cadmium contamination became
known was to document the extent and nature of the
contamination, in v:!.ew of the imminent open:!.ng of
the lobster f:!.sh:!.ng season, the biological and
ecolog:!.cal impl:!.cations remain a continuing major
concern to this department. Physiological and
behavioral effects on lobsters and other mar:!.ne
species from high cadmium exposure will require
further research and investigation before the extent
of resource implications can be establ:!.shed. The
more immediate and obvious effects, such as loss of
income to fishermen due to area closures and poten­
tial impact on local and foreign markets, can be
addressed in an operational fashion but long-term
biological impact on marine organisms remains and is
a much more complex and difficult problem to
address.

The Belledune cadmium :!.ncident, being a
localized point source problem, facil:!.tated the
application of stringent control measures to be
applied within a limited area. Although a control
zone extending outside the harbour was ultimately
established, lobster fishing within this control
zone was permitted and all catches within this area
were subjected to special processing procedures
under the supervision of departmental personnel.

The department \"as seriously handicapped in
determining what level of cadmium was permissible
from a human health aspect because no spec:!.fic
levels have been stipulated. Only after extensive
consultation with Federal Health and Welfare
personnel were permissible levels in lobster
tomalley and muscle determined. These levels were
based on extensive pre-analyses of lobsters taken
from inside and outside Belledune Harbour and
previously established background levels for the
area. Based on this information a final control
zone was estHbllshed but not until the Lobster
ishing season was well under way. If permissible

levels of cadmium, based on human heal.th require­
ments, had been established earlier, the delay and
f rus t rat ion would have been mini mi zed.

The lag period encountered for transmission of
scienti fie data on the Belledune cadmium problem
from industry to regulatory agencies and from regu­
latory agencies to the department resulted in a
short lead time in which the department was able to
react before the fishing season opened. This
created serious internal administrative difficulties
and remains a major concern to the department.
Improved procedures for more timely exchange of
environmental data having fisher:!.es implications,
and corrective measures to be adopted to prevent a
similar situation from occurring in the future, are
matters that require serious discussion with regu­
latory agencies and industry offic:!.als. A much more
timely transfer of new information relative to
possible fisheries implications is warranted.

The Brunswick Smelting plant situated adjacent
to Belledune Harbour has been identified as the
prime contributor of the elevated cadmium levels
within and immediately outside the harbour.
Recently, add:!.tional measures have been implemented
by the owners to reduce cadmium and other heavy
metals being released into Belledune Harbour. The
success of these corrective measures can only be

-2-

assessed after implementation hut there is good
reason to believe a significant improvement can be
expected. A potential hazard ex:!.sts with respect to
existing high levels of cadmium in marine sediments
and its availability to marine organisms. A
solution to this continuing hazard is necessary
although the options available to the company are
rather limited.
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fNTROD\.H:T roN

Since 1966 Brunswick }tining and Smelting
Corporation Limited, Smelting Division (Brunswick
Smelting) has operated a lead/zinc smel ting and
refLning plant at Belledune. In 1971 the refining
of zinc was terminated, but the lead smelting
continued. 'I"ne plant produces some 60,000 metric
tons (MT) of lead, 3,600 WI of copper matte, lesser
amounts of slIver and lead-antimony alloys and
175,000 MT of sulfuric acid per year. This paper
describes the operation of the smelting and refining
and of the fertilizer plant at the same location,
and their discharges to the Bay of Chaleur.

THE LEAD SMELTING AND REFINING PROCESS
Al' THE BELLE DUNE SMELTER

The p] ant at Belledune originally produced both
lead (Pb) and zinc (2n) by the Imperial Smelting
Process (lSI') but, in ]972, the Belledune smdte]'
was modified to produce only refined Pb and
;lssociated hyproducts by traditional Pb smel tlng
methods. 'l1w production of Pb Increased hy a factor
of 2.5. Thi.s conversion was due to inc ceased coke
costs associated with the high temperatures
required for Zn production, and to improved milling
methods which permitted the separation of the
complex Brunswick Mines No. ]2 ore into separate Pb
and Zn concentrates" 'TI1e changeover and modifica­
tions were completed in 1972-73.

The process flow diagram llEls been presented by
Dugdale and Hummel (1977); however, there have been
sOlne process lnodifications since then, mainly in the
refinJng The smel ting and refining process
consi.sts of several stages: charge preparation,

intering, blast-furnace smelting, and finally,
refining to remove or recover metallic impurities
tlnd produce pore Ph"

TilE Pb CONCENTRATE

In ores, cCldmlum (Cd) is clos"ly associated
with Zn and small amounts of Zn are present in Ph
concc'ntrates (Lymburner 1974) from the mining
flotatIon processes, The boIling poInt 0 Cd i.s
767°C (Consi.dIne 197 1,) In contrast to the boilIng
poInt of Pb whIch is 1740°C (ConsidIne 1974). Above
these temperatures the metals will be present as
vapors or "fumes .. "

Table 1. CompositIon of Pb concentrates.

Brunswick Mining I'rod,wc's n lead-zlnc-(,ol'l'er­
sUver ore of which 80% is sulfides and 20% is
quartz, calcite and silicate. Brunswick Mining
concentrator produces Cu, Zn and Pb concentrates by
a differential flotatIon process (Neumann and
Schnarr 1971). Brunswick Smelting currently
receives 225,000 MT of Pb concentrate from this
source, plus minor amounts of purchased high-grade
concentrate. The pas-t··and present analyses of mine
concentrate are shown in Table 1.

Since 1976 approximately 4500 NT per annum of
Cottrell dust (approximately ]-2% Cd) from Noranda
Horne mine in northern Quebec has been brought In by
,-ail, unloaded by 2 rotary car dump and stockpiled
on the Belledune site In a covered building. The
Horne dust and the above concentrate are used in the
charge preparation.

CHARGE PREPARATION

At this stage of the process, Pb concentrates
are mixed wIth fluxes (sand and lime), sinter fInes,
dusts, drosses, sludges, etc. (which contain Pb and
other meta 1s). This mixture is then formed into
pellets and conveyed to the sintering machine.

SINTERING PROCESS

The sintering process is carried out on a Lurgi
(Dwight -Lloyd type) s.interi.ng mac hine. A layer (3.8
cm thick) of the pelJ.etized mixture is laid onto the
moving bed/grate of the machine and is suhsequently
ignited by burners above the bed. The rest of the
"charge" .is then loaded on top of this burning layer
to form a bed up to 30.5 cm thick. The travellIng
grate then enters the updraught "wind box" sec tion of
the machine where air is blown through the bed.
This provides the oxygen for the burning process.
The bed burns from the bottom to the top, releasing
sulfur diox~te (S02) and traces of sulfur trioxide
(S03) - rc's"l ti ng in removal of almost all of
the s"lfur and volatiles from the concentrate. At
this point ilny Cd not "fixed" in the sinte'r Is
v01ati tized and carrIed off with the' SO') and
dust. At Brunswick SmeltIng, S02 from the sinter
machine is drawn through an electrostatIc precipi­
tator to remOVe most (98%) of the Pb dust prior to
gas cleaning in the Acid Plant. The precipitated
Cd-bearing dust is returned to the process at the
rate of 1--2 MT per hour to recover Pb.

The hot sinter corning off the end of the
machine is broken by a claw breaker Into pieces

Component

BrunswIck MInIng No. 12
Pb concentrate

(Neumann & Schnan 1971)

Pb concentrate
(BrunSWick SmeltIng data)
Jan-Mar 1979 ] 980

Pb 38
Z" 10
S 27
Fe 14
Cd 0.02

32
7

33
23

O.Oli,

3D
7

34
23
0.014
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A series of complex chemical reactions occur in
the blast furnace, yielding the following products:

approximately 10.2 em diameter and fed into the
blast furnace. The fines are removed and returned
to the sintering process charge preparation stage.

3) I\aghollse dust, \-lhich is recycled to the
r pL::mt" Howev{!r y when tbe Cd contE~nt

pproaclw 10%, a portion is stockpl led for
future

TIle mol ten Pb is now of high purity and is cast
Into pigs (25.4 or 45.4 kg) and jumbos (0.91 MT).
The refining operations at different Pb smelters can
vary 1n the type of processes used (due to the
variation in the concentrations of the impurities
and which byproducts are desi red). These operations

re campI.ex, with various chemicals being adclcd in
combination with heating, cooling and transferring
between kettles of the molten Ph.

mel to The Cu crust is skimmed off tbe top, resul-
ing in reduction of the eu content of the bullion

from several percent to less than 0.5%. The liquid
lead is then transferred to a second kett Ie where
another Cu drossing occurs lowering the Cu content
of the Pb to less than 0.01%. The Cu drosses are
then processed further to form Cu matte.

Next the Pb is softened to remove Sb, As and
tin (Sn). This is accomplished by a process known
as oxygen softening (previously oxidative slagging
with sodium hydroxide and sodium nitrate was used in
this softening process). An air-oxygen mixture is
injected into the molten Pb and the As, Sb and Sn

re oxid1zed and form a crust which is skimmed off.
Ag and Au are then removed by treatment of the
molten Ph with Zn metaL Zn combines with Ag anel Au
to form alloys that are insoluble in Pb and forms a
crust that is skimmed off and treated to produce Ag.
The trace amounts of Zn remaining in the molten Pb
are removed and recovered by a vacuum distillation~

Bi 1s then removed in a two-step process with
additions of calcium and magnesium and a lowering of
the mol ten Pb temperature. The crust of inter­
metallic compounds is skimmed off and the Bi
recovered.

coke and fed to the
the typical Brunswick

is mixed ,,7ith
Ta ble 2 shows
analysis.

BLAST-FURNACE SMELTINC

The sinter
blase furnace ..
Smelting sinter

I) Pb bullion, which still contains the
[mpuri ies, Cu, arsenic (As), antimony (Sb),
bismuth (Bi) and some Iver (Ag). Thi s
bullion must be refined further to produce a
higher puri Pb final product.

2) SI ,which is composed of the sl I Ie of
iron, c,::llcitlill) magnesi.um and ,Jlmost all of
t112 Zn, present originally i" tIle C011ceo-

rate" At Brtlt1swick Smelting no attempt 18
made to recover the Zn~ ThIs slag is then
granulated by Impacting a stream of molten
slag with a jet of fresh water and

ransported witll a stream of seawater to the
sluney pumps. en,e granulated slag formed
I black, glassy and consists of sand-like
particles or larger lumps. The granulated
slag and water are then pumped to the slag

'tJhere the water part of the slurry runs

FERTILIZER PLANT OPERATION
RSF INC OPERATIONS

The impure Ph bull ion re fined by a Se r ies 0 f
dIng (float on the surface) operations" rIlle
prime objective of drassing is to remove meta1.lic

DraGsing OCCllrs in large, steel, hemi
kett ~iP to 3. m d'i.:::tmeter and

ho tng up to 20ll (vlT of mol ten llwte

:J ex I ] y ill1d hll VI'

¥]lth t.hem equipm!\l1t for sti 111 f.:' ,

skimming tr;-llls(f'rring tllF proclllCt,c.;" Tn the
f i ding proc 1 the 0 f t: ilP Pb
bull iun i.e:; io\vPt~ed ('1 to the ting point of Ph
(3 1. 1, ). th1s temperature the solubility of eu
ill I'b is low and the ell fOrITIS a crust on top of the

To use the and byproducts released
in smelting, Brunswick ting operates a sulfuric
acid plant. Sulfuric acid is conducted by short
pipeline to the Belledune phosphate fertilizer
plant. In the plant a Florida phosphate rock
(127,000 HT In 1970) is ground in a hall mill and
then trc',ltt'd \\rit.h the suI furic acid~ Phosphoric
;lcid is prOdtH'f'c! in the rCAcf ion and is thc'n J"P,lctt,d

with tlmmonl<1 to produce d·iammonium phosphntc'
(ferti I. i cpr).

Table 2" Composi tion of sinter"

Bell.edune sinter
(Brunswick Smelting

data)

COmpOrl(,1l t

CII
Ph
Fe

Zn
Cd

0.6 1.0
32 30
20 22

1.0 1.0
8.0 7.0
0.38 0.30



RELEASE OF Cd TO THE ENVIRONMENT

The significant discharges or emissions of Cd
to the environment are to the air, by surface runoff
due to precipitation events, by cooling water
discharges, from slag pond discharges, from the
fertilizer plant discharges, and from the leaching
of solids (dusts, slags) by salt, fresh or
rainwater.

AIR EMISSIONS

Since 1968, dust from the blast furnace, sinter
plant and lead refinery has been collected in
baghouses and recycled to the sinter plant. The
total baghouse capacities have been increased from
150,000 a.c.f.m. in 1968 to 1,000,000 a.c.f.m. in
1976 with the construction of two larger baghouses
in 1973 and 1976. It should be noted that used
baghouse dust tubes are also recycled back to the
blast furnace. Because of the recycle of dust, the
Cd concentration in all dusts (particularly that
from the blast furnace) gradually increases. When
the Cd concentration in the blast-furnace dust
reaches about 10% (has been known to exceed 20% in
the past), it is bled off and sealed in containers,
for sale and refining elsewhere or is piled in the
yard (about 180 MT at present). This Cd-laden dust
is the major output source of Cd (of about 545 MT
produced last year, the company sold approximately
363 MT).

Cd in forest ecosystems around lead smelters in
Missouri has been documented by Wixson et al. (1977)

-6-

and by Gale and Wixson (1979). Elevated Cd concen­
trations were found in forest litter and the decom­
posed litter along stream beds, with appreciable
contributions of dissolved Cd to watershed runoff.
Cd emissions were discussed by Dugdale and Hummel
(1977). Losses to the atmosphere were estimated to
be 3,391 kg Cd/yr from baghouses and scrubbers.
Figure 1 shows the distribution pattern of several
heavy metals in surface soil samples in the area of
the smelter complex along with some indication of
wind direction. If one considers the background Cd
concentration in soils to be between 1 and 2 ~g/g,

then the effects due to the smelter appear to be
localized within the first few kilometers. This
same pattern of localization appears to hold for
heavy metal concentrations in vegetation.
Undoubtedly, there is a similar pattern of depo­
sition on the surface of the estuary. Quantifying
this deposition is difficult but for Pb it has
been estimated at 9 kg/ha x month (Dugdale and
Hummel 1977) and may be in the order of 0.2 kg/ha x
month for Cd at the smel ter complex, dec reasing
rapidlY within the first few kilometers from the
site. Although the air pollution controls are the
best available for this type of industry, heavy
metals reaching the surface of the water from
fugitive baghouse and scrubber dusts may be in a
readily bioavailable form. These air emissions may
be a significant source of Cd. Smaller amounts of
Cd-containing dust may be released to the atmosphere
from the rotary car dump facility where the concen­
trate from Brunswick No. 12 and the Horne dust are
unloaded from rail cars.

Average Heavy Metal Concentration In First Six

of Soil Near Lead Smelter in Belledune, N. B. 1975

Belledune
lake

lifl~b,"Cd] - "9 / 9

//

Bathurst

167.6r61
Tabusintac

42,56, 1.0

... Petit· 'I '"
. Rocher \ l

Fig. 1. Average concentrations of Zn, Pb and Cd in ~g/g in the first 6 in. of soil near the
lead smelter in Belledune, N.B., 1975.



-7-
SURFACE WATER RUNOFF

A study of the drainage patterns near the
smelter was made for Brunswick Mining and Smelting
in 1979 by Montreal Engineering Company Limited.
Drainage from approximately 809 ha passes around and
through the smelter property. East and west ditches
divert runoff from all but 28 ha of the smelter
proper. TI1e latest change (made this year) was to
divert the runoff from 10 ha south of Highway 11 to
the west diversion ditch.

In the past years the smelter runoff drained
into the bay at several points along the property,
but primarily through the slag pond and a contami­
nated ditch on the east side. In 1980 modifications
were made that have diverted this drainage to
northeast corner of the site, where a new treatment
facility has been constructed.

Heavy metal concentrations in runoff can be
estimated for the contaminated ditch on the east
side of the smel ter. 'The concentrations of Pb, Zn,
and Cd are 0.8, 5.3 and 0.1, and 6.6, 35.2, and 1.6
mg/L during dry weather and heavy precipitation,
respectively (1979 data, Bruns",ick Smelting).
Accordingly, surface runoff can contribute signifi"
cant amounts of Cd to the Bay of Chaleur.

COOLING WATER

Typi.cally, 45,460-54,550 L/min of salt wa ter
are used for cooling. This water i.s passed through
the plant by means of two channels on the northwest
side of the property. Since it does not contact the
process waters within the plant, it contributes very
little to the heavy metal loading of the harbour.
However, the saltwater inlet is very close to the
process water outlet and there is some entrainment
of the final effluent in the cooling water intake.
Before entering Belledune Harbour, the cooling water
combines with the slag pond discharge. By the end

of 1980 the cooling water will no longer combine
with the process water.

PROCESS WATERS AND SLAG POND DISCHARGE WATERS

Figure 2 is a simplified water balance diagram
for the smelter. Fresh water from the various pro­
cesses in the plant, as well as the salt water used
to transport the slag to the slag pile, combine in
the slag pond, which in turn discharges into the
main cool ing vlater channel. Heavy metal concen­
trations in process water range from 1.5-4.2 mg/L
for Pb, 3.2-16.4 mg/L for Zn, and 0.6-38.0 mg/L for
Cd at the discharge of the slag pond (1979 data,
Brunswick Smelting). After combining with the
cooli.ng water, the concentrations range from 0.4-2.3
mg/L for Pb, 0.3-9.2 mg/L for Zn, and 0.3-3.0 mg/L
for Cd. Based on the volume of water used in the
process this is also a significant source of Cd to
the environment. Treatment of these process waters
to remove heavy metals is now planned.

Figure 3 is a schematic diagram showing the
sulfuric aci.d plant. The acid stream washer water
is diluted sulfuric acid and is added to the repro­
cess water pond. As acid will solubilize Cd and as
there is probably an overflow in this pond, it
stands to reason that more Cd will be added back
into the process by recycling this water (then
subject to loss of high Cd water) or to ditches via
overflow ..

LEACHING OF SLAG AND DUSTS

Leonard et al. (1977) reported the concentra­
tion of Cd at various steps in the refining process.
Some of their findings are shown in Table 3.

Also in this reference was a leaching study
performed with secondary blast-furnace slag, furnace
dust and scrubber sludge. Only one test \"as per·­
formed for each, the pH was not specified and higher

Sa 1 Water

1818

1000

400

400

SLAG GRANULATION

390

SLAG TRANSPORT

1500

L. . .. ~MISCELLANEOUS FRESHWATER~7~7~5-t<~~~en_

• USES FRESHWATER

* NOTE - the diagram is an rtm,rn,innrttinn
part due to losses

exactly balance in

Fig. 2. Water balance diagram for Brunswick Smelting operation at Belledune.
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Emission Control Flow Sheet
STACK ( S02)

DRYI NG
TOWER

93% SULPHURIC
ACID

.014% Cd

CONCENTRATE

FEED + CaO
Si02

DUST

WATER REUSED IN SCRUBBERS, ETC.

Sinter Machine

RETURN FINE

SINTER

SINTER

.39% Cd

/

/'
/

UNDER FLOW BACK TO
COOLING AND MIXING

/

/'

RPW
'-----1Reprocess Water

DUST
SLURRIED

FURNACE

Blast
Furnace

LEAD BULLION

SLAG GRANULATED

0.008% Cd

Fig. 3. Emission control schematic diagram showing dust recycling and S02 removal processes in the
smelter complex.

or lower pH's were not examined. Less than 0.01 ppm
Cd was leached from the slag, 5 ppm Cd from the
sludge and 230 ppm Cd from the furnace dust in a
76-h test. This does not explain the results
observed in Table 3 for Plant B slag where extensive
leaching is evident.

In regard to leaching, samples of the Belledune
slag, baghouse dust and Cottrell dust (Horne mine)
were analyzed and tested for leaching of Cd by
Sergeant and Ray (this report).

HORNE MINE DUST

The conversion from a Pb/Zn smelter to a Pb
smelter, the increased throughput since 1974 and the
processing of the Cottrell dust (Horne mine) may be
resulting in increased Cd emissions. Dugdale and
Hummel (1977) show that the concentration of Cd in
mussels increased from 3.4 ppm wet weight in 1972 to
11.0 ppm wet weight in 1975, after the plant con­
version. \1hether this increase was due to the
process change or to buildup of available Cd since
plant start-up is open to conjecture. Dust from the
furnace top ranges as high as 12.9-21.8% Cd (Dugdale
and Hummel 1977), and whether the Cottrell dust has
caused this to increase further or to be reached
faster is not known.

FERTILIZER PLANT DISCHARGES

The effluent of the fertilizer plant contains
gypsum, fluorides and iron as well as very small
concentrations of the heavy metals. Pb ranged from
0.003-1. 1 mg/L; Zn from 0.17-1. 1 mg/L; Cd from
0.07-1.6 mg/L (Environmental Protection Service
data). Discharge water flow is approximately 9,090
L/min so the yearly contribution to the Bay of
Chaleur would be low (assuming continuous operation
of the plant).

In Sweden there is concern over additions of Cd
to soils in fertilizer (Nilsson 1980). It has been
estimated that one third to one half of the Cd
additions to soil occur through the use of phosphate
fertilizers. With this in mind, one cannot discount
surface and non-process water runoff as a signifi­
cant source of Cd at this site. See also Lyrnburner
(1974) on superphosphate fertilizers.
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T<lble 3. (~1dmium (Cd) ('oncentrat ions <It V<lr lous stages ill 0. S. Pb
industries 'md Cd solubi I tty In water (,xposl'd to process material s (Leon<lrd
et aL 1977).

Material analyzed

Plant A

Fresh blast-furnaee slag
Old blast-furnace slag

nter scrubber sludge
Lagoon dredgings
Baghouse dust

Plant B

Fresh blast-furnace I
Old blast-furn<lce slag

Cd concentration (ppm)

10
88

900
700

14000

1150
7J

PI

Sc rubber sludge
Wnstewater treatment sludge

Filt

Blast-furnace slag
Lead fuming slag
Blast-furnace dust
Sinter scrubber sludge
Lagoon dredgings

(). 03
O.OI
8.0
9.1

11.0

Primary lead
Smelting and refining

Slag
Sludge

166
6900

POLLUTION CONTROL MEASURES dlscourdged (In particuldr, storage of 10% Cd dust
in the open) as this w111 only be wind-blown.

By late 1980 the fol lowing pollution control
m('<lSures wi 11 be in place:

l~ 1 clean water drainage will have been
diverted around the plant~

2~ Conventional treatment for sewage wastes
wi I Ix' operational.

'L All contaminated surfac(: WElter drainage from
the si to wi 11 be collected in onf:~ place for
treatment ..
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INTRODUCTION

The occurrence of high cadmium (Cd) levels in
the tissues of lobsters and mussels taken from the
vicinity of the Brunswick Smelting lead smelter at
Belledune, N.B., was brought to our attention in
late April 1980. The lobster fishing season was due
to open on May 1 and a study was initiated
immediately to determine the extent of \~ contami­
nation in lobsters in the area (Uthe et a1., this
report) •

We conducted a survey during May 5-16, 1980, to
determine the extent of Cd contamination in marine
biota other than lobsters. TIle survey included
sampling stations in the area bounded by Beresford
and Little Belledune, N.B. Included in the biota
sampled were several commercially important plant,
bivalve, crustacean and fish species. Also, sedi­
ment samples were collected at each sampling site.

The main fisheries in the Belledune area
include lobster trapping at depths of 3-11 m within
1.5 km of shore, scallop dragging at 12-18 m in
areas offshore of Beresford, N.B., and Belledune,
and herring fishing with gill nets or seines. There
are no extensive beds of clams, oysters, quahogs or
Irish moss. Crabs and shrimp are not fished
commercially in the area.

SAMPLING AND ANALYSIS

COLLECTION

Samples of plants, animals, and sediments were
collected at 11 shore and 22 offshore stations (Fig.
1). The A stations were sampled from shore at low
tide and B stations (8-11 m) were sampled by SCUBA
divers. TIle C stations (11-20 m) were sampled by
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scallop drag, and D stations (29-34 m) were sampled
by ponar grab. A 14-m vessel owned by C. Doucette
was used for sample collections.

Scallops, mussel, crabs, barnacles, and macro­
phytic algae were the taxa collec ted most exten­
sively. Biota with limited distribution were not
analyzed (Table 1). Immediately upon collection,
all individual sediment samples were
frozen in lfuirl-pac bags.

SAMPLE PREPARATION

were thawed and washed with
remove grit and salt before

were
SLomaCll, gill, gonad, hepatopancreas,

adductor muscle, and mantle.
flatfish

~~~~~~~~~~¥ muscle-( and gonad).
and Hyas araneus crabs were
pancreas, gill, cheliped (pincer) muscle, and coxal
(shoulder) muscle. Whole sp. crabs and
barnacles were prepared. For
all other tissues were used.
Fucus ..:yesiculosus nodosum algae were
divided into stem

Polychaetes, periwinkles, barnacles, scallop
adductor muscle, and C. irroratus and H. araneus
crab tissues were freeze-dried only. Flatfish
muscle, macrophytic algae, Mytilus edulis and

~
~~~~~~:~rm~u~ssels,cockles, Aporrhaiscrabs, and scallop mantles

were mUled to a powder. Scallop
and flatfish viscera, quahogs and whelks were
homogenized with deionized water by using a Sorval
homogenizer and then freeze-dried. Sediment samples
were thawed, dried at 60°C, and sieved through
250-)Jm and 63-)Jm stainless-steel sleves.

Fig. 1. Locations of sampling transects and stations
in the survey area adjacent to the Brunswick Mines
smelter.

Biota samples (0.2-0.5 g) were ashed for 12 h
at L,50°C and taken up ln 1 mL nltrlc acid for
Cd analysls. Sedlmen t samples were dlgested wl th 1
mL nitric:hydrochlorlc acld (3:1 v/v), flltered and
made to volume for analysls. The acids used were of
Arlstar quallty (B.D.H. Chemlcals Ltd., Poole,
U.K.). Cd was measured by uslng a Perkln-Elmer
Model 503 atomlc absorption spectrometer and Model
500 graphite furnace. Accuracy and precision were
checked using N.B.S. reference materlals (#16430.
- water, 566 - oyster tissue). The results are
expressed on a dry weight basis, except where stated
otherwise. Animal sizes and either the wet weights
and dry weights or wet weight-dry weight relation­
ships for biota samples are tabulated in Appendix I.

RESULTS AND DISCUSSION

The general distribution of bottom sediments in
the survey area, as determined by SCUBA observation
and subjective examination of bottom grabs, is
illustrated in Fig. 2. The distribution of the
biota in the survey area appears to be related to
the bottom type. For instance, scallops are
generally located in the areas with gravel and clay
sediment and cockles were collected in muddy areas.
Except for fish and crabs, few species were seen by
divers in the silt zone surrounding the lead
smel ter.
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Table 1. Species collected in the survey area. Numbers of specimens collected are in brackets and P denotes a
pooled sample. Species marked with asterisk were not analyzed.

Spec 0 2 3 4 5 6 7 8 9 ]0

Molluscs
] ) C(3) C(I) B(I) C(3) C(3 ) C(3) C(3 )
2) C(2) C(2)
3) A(2 ) A(7 P) A(5P) A(5P) A(4p) A(5P) A(5P) A(4P) A( lOP) A(5P)

B(3) B(3 )
C(2)

4) 5(2) C(I ) C{2 )
5 ) 0(2) D(2 ) 0(2) 0(2)
(, ) 5(2)
7 ) A(7P) A(6P) A(7P) A( 6P) A{2P)
il) C(I) C(I) 0(1) CO) C(I)

D(l)
9) undatum C(2 ) C( 4) C(l)

10)
--------

D( I )
I 1 ) E(3) C(2)
12) D(2) D(L. ) 0(2)

Crustaceans
13) Cancer irroratus

] 4) l'agurL!.o~ ilcadianus
J 5) llJas ':,-raneus.
16) 5alanus balanoides

"f";;ph [p';d-----
1~r'1ys id

B(2) B(l)
c(I)

C(2)

C(l)
A(12P)

C(l) C(l) B(l) C(l) 5(3) A(I)
C(l) B(I)

c(I)
B(I ) B(I ) B(1)
C(1)

CO) C(1)
D(3)

A(5 ) A(15P) A(16P) A(17P) A(14P)
A( 4)
A(4)

--------

Polychil,'tes (marine ,>!orms)

~~~~t~~;~l~lh~--as~~Cl.
_~ .?_S,.uan~atu~

.~LC-.=-=-.c-:--=:_-=- S p •
sp.

Id

(viae rnplly t 1~' it 1gat' (Sl'ilW('('ds)

1 7) L::f~~~l!~.~~)~~L _~.~lLL~:a t_~.
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Smelter

Fig. 3. Mean cadmium (Cd) concentrations in meat,
mantle, viscera, and whole animals of P.
magellanicus sampled at C stations (18-m).
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Placopecten magellanicus (C Stations-18m)

Fig. 2. General distribution of bottom sediment
types in the survey area.

The
collected from seven

s ~~~~~~~rfrom two stations.
mean Cd content ( muscle, mantle and
viscera of the scallops from each station is
illustrated in Fig. 3-6.

SCALLOPS

The means (ranges) of Cd levels (N=17) in P.
from the survey area were 3.7 (005=

.2-18.0) and 183.4 (87.6-493.2) ~g/g for
muscle, mantle and viscera, tivelyo For
comparison, of approximately
the same size range, from Passamaquoddy
Bay, NoB., had lower mean Cd concentrations of 0.8,
1,3 and 47,7 ~g/g in muscle, mantle and viscera (Ray
et al., unpubl Pesch et al. (1977) reported
average Cd concentrations of 20.9 ~g/g for whole,
shucked P, collected near ocean
d S. Atlantic coast. For
comparison, the mean and range of concentrations in
whole scallops in the Belledune area of 50,25 ~g/g

(23.1-115.6) were estimated from the sum of the Cd
burdens in the various tissues. Zook et al. (1976)
found 0,1 (.04-0.2) ~g Cd/g wet weight in adductor
muscle from~, magellanicus collected off the U.S,
Atlantic coast, The mean and range of Cd
concentrations on a wet weight basis for P,

muscle in the Belledune area-were 0.8

Cd levels in the three tissues of
magellanicus taken at C stations (Fig. indicate
that concentrations are elevated at transects 0, 3,
5 and possibly 7, Estimates of the whole-body
concentration follow this general trend, although

Fig. 4. Mean cadmium (Cd) concentrations in meat
of ~. magellanicus and C. islandicus samples from
the survey area.
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variations in the proportion of viscera in the
scallops cause the Cd maximum to shift to transect
5.

The data for C. islandicus were limited to two
sampling sta tions. However, adduc tor muscle from
both scallop species from the same sites contained
approximately equal level s of Cd, while Cd concen­
trations in the mantles and viscera of C. islandicus
were considerably lower than for P. mag;llanicus.

MUSSELS

were collected from 13 stations
and from four stations within the

some stations, several M,
were pooled for analysis but,

of variations in the Cd content of subsamples from
the pooled tissues, the remaining mussel s were
analyzed individually. All M.
analyzed ind ividually. The mean
in the soft parts of M. edulis and M._=~~~~

each station are illustrated in Fig-:-

The soft tissues of M. and
contained a mean and range (2.
and 32.1 (15.2-55.9) ~g/g of Cd, respectively.
These concentrations are considerably higher than
the Cd levels reported in the literature (Table 2)
for mussels from unpolluted and moderately polluted
marine areas. In M. edulis from shore (A) stations
(Fig. 7), the mean-Cd concentration decreases with
distance to the north or south of transects 6 and 7.
M. modiolus at stations lOC, 8C and 5C contained
relatively uniform concentrations of Cd (Fig. 8).

120'

Scallop Mantle

Mean Cd Concentration (~g /g 1

5.55- Placopecten magellanicus
1125)- Chlamys islandicus

Fig. 5. Mean cadmium (Cd) concentrations in mantles
of R. magellanicus and C. islandicus sampled from
the survey area.
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129,2- Placopeclen mogellanicus
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Scallop Viscera
Mean Cd Concentration (og/g)

"-159151
l1li168.71

Fig. 6. Mean cadmium (Cd) concentrations in the
viscera of p. magellanicus and C, islandicus sampled
from the survey area.

Fig. 7. Mean cadmium (Cd) concentrations in soft
parts of M. edulis sampled at A stations (shore).
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CRABS

• 128301

Whole Mussels
Mean Cd Concenlralion

4.40 ~ Mytilus edulis

(46.691 - Modiolus modiolus

Fig. 8. Mean cadmium (Cd) concentrations in soft
parts of M. edulis and M. modiolus sampled from the
survey area.

The mean concentrations of Cd in hepatopan­
creas, gill, coxal muscle and cheliped muscle of

~~~l~~Tf;~and and in whole
.!' are Fig. 9-14.

Samples of H. and Pagurus sp. crabs
were too infrequent to the distribution of
Cd wi thin the survey area. vlhole Pagurus sp.
contained an average of 1.2 ~g Cd/g and H. araneus
contained Cd concentrations of 4.2, 9.7,-0.6 and 0.8
,Ig/g in hepatopancreas, gill, coxal muscle and
cheliped muscle, respec tively.

The more extensive data for irroratus indi-
cate that the mean concentration Cd in hepato-
pancreas tissue is elevated at stations 5B and 8B,
and moderately elevated at station 7C (Fig. 9). The
distributions of Cd concentrations in the other
tissues (Fig. 10-13) also reflect this general
pattern.

The mean and range of Cd level s in C. irroratus
tissues from the survey area were 87.1 (2.3-394.3),
17.4 (1.7-53.5),5.3 (0.2-29.2) and 1.3 (0.1-8.1)
~g/g dry weight for hepatopancreas, gill, coxal
muscle and cheliped muscle, respectively. The
calculated mean and range of concentrations on a
wet weight basis in hepatopancreas and coxal muscle
were 7.1 (0.2-35.1) and 0.65 (0.03-3.8) ~g/g. C.
irroratus (N=4) of approximately the same size range
from Passamaquoddy Bay, N.B., and from ocean dump­
sites off the U.S. Atlantic coast (Table 3) had
lower levels in their tissues. Concentrations in C.

from two British sites (Topping 1973;
and Reynolds 1971) were approximately the

Table 2. Cadmium (Cd) concentrations reported for whole soft tissue of mussels.

Spec ies

Mytilus edulis

Mytilus edulis
MOdiOIUs~landicus

Mytilus edulis

Cd concentration
- mean or range

(ppm) Location

5.1(dry wt) , Irish Sea
5.8(dry wt)

2.5(dry \Vi:) Southampton, U.K.

0.3-1. wt) New Zealand
O. 04( dry

0.1-0.9(wet wt) Scotland

Reference

Segar et al. (1971)

Leatherland & Burton (1974)

Nielsen & Nathan (1975)

Topping (1973)

Mytilus edulis 0.2-18. 2(wet wt)

Mytilus galloprovincialis 0.4-5.9(dry wt)

Mytilus edulis 1.4-4.2(dry wt)

Mytilus edulis 0.9-1.8(dry wt)
1. 7 (dry wt)

Victoria, Australia

N.W. Mediterranean

St. Croix est., Me.

Maine
Narrangansett Bay

Phillips (1976)

Fm.;rler & Oregioni (1976)

Fink et al. (1976)

Goldberg et al. (1978)

Mytilus edulis
Modiolus modiolus

2.9-112.2(dry wt) Belledune area
15.2-55.6(dry wt)

This study



-15-

variations in the proportion of viscera in the
scallops cause the Cd maximum to shift to transec t
5.

MUSSELS

The data for C. islandicus were limited to two
sampling sta tions.- l-i~:n"ever, adduc tor muscle from
both scallop species from the same sites contained
approximately equal levels of Cd, while Cd concen­
trations in the mantles and viscera of
were considerably lower than for P. ~~~~~~~

The soft tissues of M. edulis and M._~~~~~

contained a mean and range of 30. r (2.9=1
and 32.1 (15.2-55.9) ~g/g of Cd, respectively.
These concentrations are considerably higher than
the Cd levels reported in the literature (Table 2)
for mussels from unpolluted and moderately polluted
marine areas. In from shore (A) stations
(Fig. 7), the mean concentration decreases with
distance to the north or south of transects 6 and 7.
M. at stations 10C, 8C and 5C contained

uniform concentrations of Cd (Fig. 8).

were collected from 13 stations
and from four stations within the
survey area. some stations, several M.
(4-7 animals) were pooled for analysis but,
of variations in the Cd content of subsamples from
the pooled tissues, the remaining mussels were
analyzed individually. All M.
analyzed individually. The ;ean
in the soft parts of M. edulis and M._~~~~~

each station are illustrated in Fig~

120'

Scallop Mantle

Mean Cd Concentration

5.55- Plocopecten magellanlcus
11251 - Chlomys islandieus

Fig. 5. Mean cadmium (Cd) concentrations in mantles
of i. magellanicus and C. islandicus sampled from
the survey area.
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Fig. 6. Mean cadmium (Cd) concentrations in the
viscera of p. magellanicus and C. islandicus sampled
from the su~vey area.

Fig. 7. Mean cadmium (Cd) concentrations in soft
parts of M. edulis sampled at A stations (shore).
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CRABS

The more extensive data for C. irroratus indi-·
cate that the mean concentration of Cd in hepato­
pancreas tissue is elevated at stations 5B and 8B,
and moderately elevated at station 7C (Fig. 9). The
distributions of Cd concentrations in the other
tissues (Fig. 10-13) also reflect this general
pattern.

Samples of ~. araneus and Pagurus sp. crabs
were too infrequent to indicate the distribution of
Cd within the survey area. Whole Pagurus sp.
contained an average of 1.2 ~g Cd/g and H. araneus
contained Cd concentrations of 4.2, 9.7,-0.6 and 0.8
~g/g in hepatopancreas, gill, coxal muscle and
cheliped muscle, respectJ.vely.

The mean and range of Cd levels in C. irroratus
tissues from the survey area were 87.1 (2.3-394.3),
] 7.4 (1. 7-53. 5), 5.3 (0.2-29.2) and 1.3 (0.1-8.1)
~g/g dry weight for hepatopancreas, gill, coxal
muscle and cheliped muscle, respectively. The
calculated mean and range of concentrations on a
wet weight basis in hepatopancreas and coxal muscle
were 7.1 (0.2-35.1) and 0.65 (0.03-3.8) ~g/g. C.
i rroratus (N=4) of approximately the same si ze ""i="ange
from Passamaquoddy Bay, N.B., and from ocean dump­
sites off the U.S. Atlantic coast (Table 3) had
lower levels in their tissues. Concentrations in C.
pagurus from two British sites (Topping 1973;
Reynolds and Reynolds 1971) were approximately the

The mean concentrations of Cd in hepatopan­
creas, gill, coxal muscle and cheliped muscle of
C~~~);~=~~and Hyas araneus, and in whole
P are illustrated in Fig. 9-14.

4.40 - Myfilus edulis

(46.69) - Modiolus modiolus

Fig. 8. Mean cadmium (Cd) concentrations in soft
parts of ~. edulis and ~. modiolus sampled from the
survey area.

Table 2. Cadmium (Cd) concentrations reported for whole soft tissue of mussels.

Spec ies

Cd concentration
mean or range

(ppm) Location Reference

5.l(dry wt)
5.8(dry wt)

Irish Sea Segar et al. (1971)

Mytilus 2.5(dry wt) Southampton, U.K. Leatherland & Burton (1974)

0.3-L6(dry wt) New Zealand Nielsen & Nathan (1975)
0.04(dry wt)

Mytilus 0.1-0.9(wet <VI:) Scotland Topping (1973)

Mytilus edulis 0.2-18.2(wet \\it) Victoria, Australia Phillips (1976)

Mytilus galloprovincialis 0.4-5.9(dry wt) N.H. Mediterranean Fowler & Oregioni (1976 )

Mytilus edulis 1. 4-4. 2(dry wt) St. Croix est. , Me. Fink et al. (1976)

Mytilus edulis 0.9-1.8(dry wt) Maine Goldberg et al. (1978)
1.7 (dry wt) Narrangansett Bay

edulis 2.9-112.2(dry wt) Belledtme area This study
modiolus 15.2-55.6(dry wt)
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Hepatopancreas - Cancer irroratus
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Fig. 9. Mean cadmium (Cd) concentrations in the
hepatopancreas of ~. irroratus sampled at B (9 m)
and C (18 m) stations.

Fig. 11. Mean cadmium (Cd) concentrations in the
coxal muscle of C. irroratus and H. araneus sampled
from the survey area.
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" 47.43

Cheliped Muscle 01 Crabs

Meon Cd Coneenlrollon (~9 /9)

0.14- Gancer irrorotus
(O,14)-Hyas araneus

Fig. 10. Mean cadmium (Cd) concentrations in the
hepatopancreas of ~. irroratus and H. araneus sampled
from the survey area.

Fig. 12. Mean cadmium (Cd) concentrations in the
cheliped muscle of ~. irroratus and H. araneus
sampled from the survey area.
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• (10.611

same as found in C. irroratus from the survey area.
Gill tissue from ~. irroratus in the present study
contained proportionally higher concentrations of Cd
in relation to hepatopancreas tissue than did C.
pagurus analyzed by Overnell and Trewhella (1979).

" 3.61
" 20,13 " PERIHINKLES

3.61- Cancer irrorofus
{IO.61)- Hyos arolleus

0.51 - Pogurus pubescens
(0.80) - Pogurus acodianus
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Littorina sp. were collected at several shore
(A) stations within the survey area. The mean Cd
concentrations in soft tissue (Fig. 15) are higher
at transects 5 and 6 than at transects 1, 9 and 10.

o

LiUoril'l<:'l sp.

BARNACLES

The mean and range of Cd concentrations in
periwinkles from the entire survey area were 17.8
(1. 1-44.0) ~g/g. This is higher than Cd levels
reported for species from other marine
areas (Table the exception of L. littoralis
collected from the polluted Severn estu;ry
(Leatherland and Burton 1974) and Bristol Channel
(Nickless and Stenner 1972) in the U.K.

The highest mean Cd concentrations in Balanus
balanoides collected at shore (A) stations were from
animals collected at transect 3 (Fig. 16). However,
mean concentrations decreased at transect 5 and rose
to a second maximum at transec t 7.

Fig. 15.
parts of
(shore).

GlIIs of Crabs

Meon Cd Coneentrallon (llQ Ig)

Whole Pagurue Crabill

Meon Cd Concentration (llQ IQ)

Fig. 13. Mean cadmium (Cd) concentrations in the
gills of ~. irroratus and H. araneus sampled from
the survey area.

Fig. 14. Mean cadmium (Cd) concentrations in whole
E. pubescens and P. acadianus sampled from the
survey area.

The mean and range of Cd concentration in B.
balanoides from the survey area were 1.5 (0.2-3~9)

~g/g. There is little published information on Cd
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Table J. Cadmium (Cd) cOI1C,'ntclLlon,; !'cportc'd for tissues of crab species.

Spec ies

----_._------

Cd concentration
- mean or range

(~g/g) Location Reference

O. 4 ( He t '-It) Northumberland, UK Wright (1976)

C. - musc1 c
Jm tOpdllC reaR

C. ~urus - gill
- muscle

he pa to pane reas

C. irroratus - gill
- mUf:;cle

he 1'8 to pane reas

C. irroratus - gill
- cox~11 muse e

- cheliped muscle
- llcpat()pancreas

C. irroratus - gill
- coxal muscle
- chel iped muscle
- hepatopancreas

H. araneus - gill
- coxal muscle

chel iped muscle
- he pa to pa DC reas

J. 6-5. 2(Het wt)

5. 1+(wet \.,rJ:)

'lO.O(Het wt)

O.S-l.O(Het wt)
O. I, -0 • 9( He l wt)
2.0-17.8(Hel wt)

O.7-2.7(Het Ht)
0.1-1. O(Het wt)
1.1-4. S('-let Ht)

4.2-2/,. I(dry Ht)
0.5-6. 6( dry Ht)
0.02--0. 2( dry Ht)
8.8-115.0(dry Ht)

1. 7-53. 5(dry Ht)
0.2-29.2(dry Ht)
O. 1-8.1(dry ,,It)
2.3-391>.3(dry wt)

1.J-19.4(dry wt)
0.4-1.4(dry Ht)
O.2-0.9(dry Ht)
2.6-5.9(dry Ht)

O. J-2.4(dry wt)

O. 'j- 1• ) ( dry Ht)

Scotland

Devon ~ UK

Orkney b., Scot.

American Atlantic
- dumpsites

Passamaquoddy Hay,
N. B.

Helledune area

Belledune area

Be j led une :lrC'l

To pping (1973)

Reynolds & Reynolds (1971)

Overnell & TreHhella (1979)

Greig et al. (1977 a)

Ray et al. (unpub1.)

This study

This study

TI,] s st ud y

'lids studY

- ---_._----_.. __._.----_._.--._----------------- ---- -------_._--_.__.._----

Table 4. Cadmilml (Cd) concentrations reported for tissues of Littorina species.

Spec ie s

L.
L ..

L. Littorea.-._--

L. Littorea------

L. 1ittorea

L. littorea-----

L. I ittorea

I~ • littorea----_.

Cd concentration
- mean or range

(~g/g)

O.9(dry '-It)
178.0(dry Ht)

0.03-0. 5( wet wt)

2.0(dry Ht)

1. j-2.1(dry wt)

ND-210.0(dry Ht)

O. 9-7 • 3( He t Ht)

1. 1-4L,.0(dry Ht)

Location

Southampton, UK
Severn est", UK

Scotland

English Channel, UK

St. Croix est. Me.

Hristol Channel,UK

UK, several areas

Be] ledune area

Re Fe. rene e

Leatherland & Burton (1974)

Topping (1973)

Bryan (1976)

Fink et al. (1976)

Nickless & Stenner (1972)

HOHard & Nic kless (1978)

1111 s study
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Fig. 16. Mean cadmium (Cd) concentrations in whole
B. balano1des sampled at A stations (shore).

Fig. 17. Mean cadmium (Cd) concentrations in soft
parts of C. sampled at D stations (31 m).

The mean concentration of Cd in L.
the survey area is 0.8 (0.4-1.8) ~g!g~

data have been found for Cd levels Lin~n~L;'t~~~~~
from other areas, but (1969) r copper
concentrations of 1.6 in from the
Seaton area of Britain. Since copper have a
similar affinity for alginate extracts of L.

(Haug 1961), it appears that conc;ntrations
the kelp from the vicinity of the smelter

may not be excessive. The distribution of Cd con-
centrations in (Fig. 18) does not
conform to a pattern, possibly as a
result of non-uniformity in the sampling of the kelp
blade.

area. The fronds of F. vesiculosus and A. nodosum,
which are zones of rapid growth, were separated from
the stem, since the uptake of heavy metals by sea­
weeds appears related to growth (Bryan 1969). It is
not certain whether samples of digitata from each
station were always taken from same portion of
the kelp blade.

levels 1n barnacles from other mar1ne habitats, but
Stenner and N1ckless (1975) reported concentrations
of 4.5-12.1 ~g!g dry weight for whole Balanus
~.~~~.~ and from the polluted Rio

~~~_~~~ balanoides con-
centrated Cd by a factor approximately 1200
during 30 d exposure to seawater solut1ons of Cd
(Rainbow et al. 1980).

_Q2:E:~~~~E1.~~~~ were collec ted at four D
~caCLc'ua mean Cd levels in cockles from
transects 3 and 5 appear greater than levels in
samples from transects 1 and 7 (Fig. 17)., The mean
and range of Cd concentration for all samples were
1.2 (0.5-2.1) ~g!g. This is higher than
the mean Cd concentration of 0.8 dry weight
reported for collected from Solway
Firth, U.K. and Burton 1974).

MISCELLANEOUS FAUNAL SPECIES

COCKLES

Polychaetes, flatfiS:~~~~~~~~~~~~;~cE::~~~~)' edible whelk
tlU'CLLCaU pelican's foot
were not collected at a
to indicate the distribution of Cd within the
survey area. A comparison between the mean Cd con­
centrations in these biota (Table 5) and related
species from other marine areas (Table 6) indicates
that the polychaetes and flatfish are not exces­
sively contaminated with Cd, whereas ~. mercenaria
from station 5B and the two large gastropod species
appear to contain elevated levels of Cd.

MACROPHYTIC ALGAE

The brown algae, Fucus ~~~~~~~
nodosum and Laminaria digitata, were
collected from shore (A) stations in the survey

The mean and range of Cd concentrations in
samples from the survey area were 8.

~g!g and 10.2 (1.3-30.3) ~g!g for stems
and fronds, respectively. Similarly, mean and range
of concentrations in A. nodosum stems and fronds
were 6.2 (0.3-13.7) and 5.5 (0.6-18.0) ~g!g. These
concentrations fall within the upper range of Cd
levels in F. vesiculosus and nodosum from other
marine environments (Table 7 • The Cd concentra­
tions at each station for these species are
illustrated in Fig. 19-21. With the exception of 4
out of 14 samples, concentrations were higher in
fronds than in stems. Cd levels in F. vesiculosus
from shore stations (Fig. 19a) were 'it a maximum at
transect 7. Cd concentrations in A. nQdosum are
less variable, but they follow the-same general
pattern (Fig. 19b).
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Table 5. Mean cadmium (Cd) concentrations in flatfish, polychaetes and some mollusc species
from the vicinity of the Brunswick Mines smelter, N.B.

Species

Mollusc s

Mean Cd concentration (~g/g)

by dry wt by wet wt Stations sampled

Polyc haetes
Arabellid
Nephtyid

Flatfish (viscera)

~l'l'-"li:::-':'~~::'..':.'"- platessoides

~~~h~~~~~americanus

9.8(6.7-12.9)
39.6(0. 1.-137.8)
14.3(0.2-98.3)

1.9(1.1-2.6)
I. I ( 0 • 8- I. 6 )
I. 2(0.6-1. 8)
0. 1;

2.9(2.2-3.6)
1.1(0.2-2.0)

0.9(0.3-2.0)
0.6(0.4-0.9)
2.0

0.6(0.3-0.8)
4.3(0.1-16.3)
3.2(0.03-22.2)

5B
OC, 00
IC, 3D, 7C, 70, 8C, 10C

OC, 80
3C, 3D
10, 100
3D
10, 100
3C

OC, IC, 88
OC, IC, 10C
3C

(muscle)
0.10(0.02-0.40) 0.012(.004-.03) OC, IC, 88
0.07(0.05-0.10) 0.005(0.002-0.01) OC, IC, 10C
0.05 0.005 3C

T,J!) I" h. Cadmium (Cd) concentrations reported for flatfish, polychaetes and some mollusc
spe('-Les~

Spec ies

Ho1iuscs

Cd concentration
- mean or range

( ~g/ g) Location Reference

2.1 (dry >It ) Irl.5h Sea Segar et aL ( 197 I )
O. i -0. 2( we t wt) u.s. At 1. coast Zook et ell. ( 197h)

2.2(dry wt) ir i sh Sea Seg,lr et al. ( ! 971 )
O. !-O.2(wpt wt) 0. S. At 1. CO(lS t Greig et al. ( ! 977)

Polyc]1dP tes
l.O-2.0(dry wt)
O. 2-4 • 3 ( dry "It)
O. 7-2.2(dry wt)
1. 9(dry wt)

St. Croix est.,
~le •

Fink et al. (19l6)

N. virens

N. diversicolor

Flat ish (muscle)

Limanda ferruginea

0.3-0.5(dry wt)

0.1-3.6(dry wt)

ND-O.06(wet wt)

Passamaquoddy Bay, Ray et al. (in press)
N.8.

S.W. England Bryan & Hummerstone (19l3)

Georges Bank Zook et al. (19l6)

ND-O.21(dry wt)
ND-0.16(dry wt)

German Bight
German Bight

Westernhagen et al. (1980)

~., platessa <.002-.01 (wet \vt) Lowesto ft, UK Pentreath (1977)
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Table 7. Cadmium (Cd) concentrations reported for macrophytic algae.

Species

Cd concentration
range

(llg/g dry wt) Location Reference

Fucus vesiculosus (frond) 3.8-25.6 Bristol Channel,UK Fuge and James (1974)

!. vesiculosus (whole) 7.0-13.0 Norway Melhuus et al. (1978)

Ascophyllum nodosum
(whole)

0.4-14.3 Norway Haug et a1. (1974)

F. vesiculosus (whole)
A. nodosum (whole)

1.8-2.1 Near Liverpool, UK Foster (976)
1. 5-1. 8

F. vesiculosus (frond) 1.1-1. 4 UK, several areas Preston et a1. (1972)

F. vesiculosus (whole)
A. nodosum (whole)

1. 3-2. 2
0.8-1. 2

St. Croix est., Me. Fink et a1. (1976)

Laminaria digitata 0.4-1. 8 Belledune area This study

F. vesiculosus - stems-------
- fronds

1.3-18.2
1.3-30.3

Belledune area This study

A. nodosum - sterns
- fronds

0.3-13.7
0.6-18.0

Belledune area This study

Fucus vesiculosus (A Stations-shore)

o26 5 4 3
Transects

Ascophyllum nodosum

10 9 8 7

t
Smelter

30

20

10-
0
~

<..>
0

:::;;:: 0
c:

lamlnarls dlglt8ta
c:
0

20
0
~

c:
Q)
<..>
c: 100

0

-0
0

c: 0
0
Q)

:::;;::

Fig. 18. Mean cadmium (Cd) concentrations in L.
digitata sampled from the survey area.

Fig. 19. Mean cadmium (Cd) concentrations in E.
vesiculosus and A. nodosum sampled at A stations
(shore).
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SEDIMENTS

Fucus vesicuiosus

Mean Cd Concentration lug Ig 1

1,31 ~ Stems
(I 31 I - Fronds

Fig. 20. Mean cadmium (Cd) concentrations in F.
vesiculosus sampled from the survey area.

Each sediment sample was separated into three
particle size fractions silt-clay «63
~m), fine sand (63-250 and coarse sand and
gravel (>250 ~m). Shore (A) sediments consisted of
fine and coarse sand, and sediments from B, C and D
stations contained varying proportions of all three
frac tions (Table 8). Sil t-clay frac tions from C, D
and some B stations analyzed for Cd. The fine
sand fractions from A stations and selected Band C
s ta tions were al so analyzed.

At Band C stations, Cd concentrations in sil t­
clay fractions (Table 8) reach a maximum at tran­
sec ts 8 and 5, respec ti vely. The same trend is
obvious in fine sand fractions from these stations.
Similarly, Cd in silt-clay from D stations is
slightly elevated at transects 3 and 5.

In samples from shore (A) stations, Cd level s
in fine sand (Table 8) are variable, possibly as a
result of erosion and deposition processes on the
shore. However, there is a trend to higher Cd
concentrations at transects 4 through 7.

A comparison of the range of Cd concentrations
in sediments from this study (0.1-7.1 ~g/g) and from
other marine sediments (Table 9) indicates that the
sediments in the survey area are moderately
contaminated, but not as grossly contaminated as
those reported for other areas by Bloom and Ayling
(1977) and Bower et a1. (1978). This may be partly
because there are no fine fluvial sediments in the
Belledune area.

The data of Loring et al. (this report)
approximate the Cd levels found in sediments from
this survey. The slightly lower concentrations in
this study may be attributed to the smaller
silt-clay fraction «53 ~m) analyzed by Loring.

CONCLUS IONS

The diagonal pattern of contamination, as noted
for sediment, also seems to apply to Cd concentra­
tions in biota. As discussed throughout the text,
Cd concentrations in the non-motile species

B. ~~~F:ds~~~;rr. F•.~-"..:':.'~~~,
~~I:..:':..'.~ sp.

The data for Cd concentrations in the silt-clay
fraction of the sediments (Fig. 22) indicate B band
of contaminated sediment extends diagonally from
Belledune Harbour to the southeast across the
sampling area. The data further show a decl ine in
the Cd concentration with depth of the water
column.

Table 10 shows that minimum concentrations of
Cd were generally found in animals at the extremes
of the survey area (transects 0, 1 and 10) and
maximum concentrations found in animals from
the center of·the area (transects 3-8). Results of
t-tests show that the differences between minimum
and maximum mean Cd concentrations were significant
(p < 0.05) for P. meats and mantles, i.

M. sp. and ~. balanoides
mean concentrations

in ~~~~ and C.
irroratus muscle were not because
of high variability between samples and small sample
size. Data for biota in which only one sample was
taken per station could not be tested.

0.27- Siems
11.791 -Fronds

Ascophyllum nodosum

Mean Cd Concentration lug Ig 1

Fig. 21. Mean cadmium (Cd) concentrations in A.
nodosum sampled from the survey area.
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Table 8. Percent fraction of the whole sediment and cadmIum (Cd) concen­
tration In the silt-clay and flne sand fractions.

511 t-clay Flne sand
Fraction Cd Frac tion CAl

StatIon (%) (~g! g) (% ) (~g! g)

OA 96.4 0.8
lA
2A 48.8 0.6
3A 1.7 0.2
4A 0.3 2.2
5A 4.1 1.')
6A 2.6 0.9
7A 1.1 1.1
SA
9A 5.7 0.3

lOA 1.2 0.2

Oil 5.2 1.9 8.4
IB 27.5 1.0
38
5B O. I, 1.5 83.7 0.4
811 12.4 7.1 67.3 5.7

lOB 0.2 1.0 89.8

DC 0.9 0.9 63.9 0.1
lC 14.5 0.4 50. I, 0.2
3C 6.8 1. II 37.5 2.8
5C 7.2 5.6 40.1 6.3
7C 1.8 1.8 14.9 0.3
8C .3 1.7 1,1.0

lOC 2.7 1.1 15.2 0.4

OD 2.5 0.5 12.9
ID 9.3 0./, 22.1
31l 2 .) 0.8 38.6
5D !f ~ 7 O.g 39.B
7ll B.. 9 0.4 3b.l
fJD (\.9 0.1, 20.B

lOll I')" S O. '] 23.B

._-------~_._----

SIlt-cLlY <ii3 wrn
Pi.ne sand ii3-250 wm
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Table 9. Cadmium (Cd) concentrations reported for marine sediments.

Sed imen t

fraction

To ta I
To till
To ta

Cd concentration
- mean or range

( ~ g/ g dry wt)

0.6-0.7
3. I
4.2

Location

Southampton, 11K
Severn est., UK

Mersey est., UK

Re ference

L(';]therlancl and BnrLon (1974)

<SOO ~m Dalhousl lIbr., N.ll. Rayet aL (in press)

<204 ~m

Total

To ta 1

ND-4.0

0.8-1. 3

<0.2-4.2

Solway Firth, UK

Solway Firth, UK

S.W. England

Perkins et al. (1973)

Taylor (1976)

Bryan and Hummerstone (1973)

To ta 1

Total

<l6 ~m

Total

To ta I

To tal

ND-4.2

<I.O-IS.O

0.6-20.0

<0.5-1400

1-908

O.2-8S0

Long Is. Sound, N.Y. Greig et al. (1977b)

Renitan Bay, N.J. Greig and McGrath (1977)

Rhine-Neuse est., Salomons and Mook (1977)
North Sea

Derwent est., Au.st. Bloom and Ayling (1977)
- Zn smelter

Hudson R. e.st., N.Y. Bower et aL (1978)
- battery factory

Bryan (1976)

TablE~ lOa Ratios and t-tests of minimtllll and maximum m(:an cadmium (Cd) concentrations in
selected biota and sediments from the survey area9

Min" mean Cd Station Nax .. mean Cd Station F-atio t- te s t
Spec ie s cone" (~g/g) II cone ., (~g/ g) If max/min result

P. l11agellanicus
- meat 1.0 8C 8.4 3C 8.4 Significant
- TIl;Jnt:le 8 8C 18.0 SB 4.7 Significant
_. viscera 129.2 10C 493.2 SB 3. B Not signi fican t

4. I, 10C 112.2 6A 25. ') Significant
spp .. 1. 1 lOA 3').0 6A 31. 8 Significant

2.1 7C 63.7 8C 30.3 Not significant

patopancreas 2.3 OC 394.3 5B 171.4
coxal muscle 0.2 OC 11,.6 8B 73.0 Not signi fican t

- c he 1 iped muse., 0.1 3C 8. i 8e 8l. 0
,- gills 1.7 lOB 53. ') 1+/\ 31. 5

P. 0.3 ID 2.4 3H 8.0
B. 0.4 lA 2. B 3A 7.0 Signi ficant
C. 0.7 7ll 1.6 3ll 2.3 Significant
L 0.4 OA 1.8 8A 4. ')
F.

s 1.3 lOA 'lO.3 61\ 21.3
- stems 1.3 lOA IB.2 6A 14.0

A. nodosum-, -----
- frond s (]. 3 lOA 18.0 ',1\ 6.0
- stems 1.0 41\ 13.7 51\ Ll.7

Sediment
- silt/clay 0.3 10D 7. 1 BE 23.7
- fine sand 0.1 OC 6.3 SC 63.0
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111'1'(,,1<1 Ix T

Dry weight-wet weight relilt illilsh I 1'1':
Meat: wet wt 0.3 + 5.0 (dry wt)
Viscera: wet wt 2.5 + 6.0 (dry wt)
Mantle: wet wt 0.6 + 9.2 (dry wt)

Dry wt (g) Cd (~g/ g dry wt)
Station Valve length (em) Meat Viscera Mantle Meat Viscera Mantle

P. magellanicus

OC-l 18.0 3.6 1.2 1.1 7.9 192.0 9.1
OC-2 14. a 6. 7 0.9 2.8 6.6 191. 3 II. 3
OC-3 8.5 0.9 1.6 0.6 1.5 92.6 5.7
3C 13.0 4.2 2.3 2.3 8.4 223.1 12.6
5B 13.5 5. I 1.2 1.9 7.7 493.2 18.0
5C--I 7.5 1,.0 1.8 1.1 5.6 185.5 5.8
5C-2 8.3 2.2 2.5 0.3 4.4 223.9 17.6
5C-3 11.0 0.9 0.9 0.5 2.0 121. 0 11.9
7C-I 7.5 0.9 0.9 0.3 3.0 111. 6 8.1
7C-2 9.0 2.4 1.6 0.8 3.5 156.2 6.7
7C-3 12.0 5.2 1.0 1.3 I,. 2 233.5 9.4
8C-l 7.0 0.9 O. 7 0.3 1.1 11 7.1 4.9
8C-2 11.0 3,9 0.9 1.1 1.7 159.8 3.3
8C-3 14.0 0.9 0.9 2.3 D,5 229.3 3.2

lOC--] 6.0 D,5 0.5 0.1 1.] 87.6 6.6
10C-2 9.0 1.9 1.0 O. 7 1.2 108.5 6.8
10C--3 13.5 6.0 1.6 2.0 2.4 191. 5 3.2

C. islandicus

8C-l 7.0 1.9 ]. 1 0.3 13.3 24.9 1.1
8C-2 8.5 1.9 1.3 0.6 1.0 93.4 2.3

]OC-] 6" 5 5.2 0.7 0.1 3. 14 21.4 1.1
IOC-2 7.0 1.1 I. a 0.4 0.5 29.8 1.4
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Appendix I (cont'd)

Mussels M. edulis and M. modiolus

Dry weight-wet weight relationship: Het wt 12.6 + 3.9 (dry wt)

Station

M. edulis

Valve length (em) Dry wt (g) Cd (~g/g dry wt)

OA-I
OA-2
IA
2A
3A
3B-1
3B-2
3B-3
I,A
SA
6A
7A
9A

lOA
IOB-1
10B-2
IOB-3
IOC-I
10C-2

M. modiolus

1B-I
IB-2
5C
8C-I
8C-2

10C-l
10C-2

5.8 0.7 13.9
6.3 1.5 12.2

71' (4.3-6.2)a 1.9 19.0
51' (6.1-6.7) 2.6 33.7
51' (5.8-7.8) 2.6 30.0

7.4 2.5 26.9
6.4 1.7 25.5
6.9 1.5 26.2

41' (5.3-6.6) 2. I 48.6
51' (5.7-6.4) 2.9 53.4
51' (4.9-6.5) 2.0 112.2
41' (',.7-7.4) 2.6 102.9

lOP (3.9-8.2) 2.0 20.3
51' (6.3-8.0) 2.0 14.9

6.6 [,9 6.6
6.0 1.2 7.0
8.2 2.3 9.0
6.7 1.4 5.9
5.8 0.5 2.9

9.5 2.9 24.1
7.7 1.6 15.2

53.4 5.4 34.9
29.0 3.9 24.4
63.8 4.1 32.2

Ill. I 15.6 55.9
108.8 15.3 37.8

a xl' (nl-rl2) refers to the range of valve lengths for a pooled
sElmple of x numher of animals.
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Appendix I (cont'd)

Crabs - C. irroratus and H. araneus

Dry weight-wet weight relat ionshi ps :
He pa to pa nc reas - Wet wt 2.1 + 3.2 (dry wt)
Gills - Wet wt 1.6 + 9.6 (dry wt)
Coxal muscle - Wet wt 1.5 + 4. 7 (dry wt)
Che I iped mllscle- Wet wt 0.8 + 4.5 (dry wt)

Carapace Dry wt (g) Cd (~g/g dry wt)
Sta t ion length (em) Hepato. Gi 11s Chel iped Coxa] He pa to. Gills Cheliped Coxal

C. irroratlls

OB-I 8.2 0.8 0.4 1. I, 0.3 81.4 21.4 0.2 0.6
OB-2 7.6 0.6 0.4 1.2 0.2 13.5 19.4 0.1 0.4
OC 4.8 0.1 O. I 0.1 O. I 2.3 9.4 0.2 a.2
III 6.9 0.7 n.2 0.4 n.2 5.4 10.2 1.2 0.8
3c 7.6 0.7 O. I, 0.9 n.1 26.3 7.4 0.1 0.8
5B 5.0 0.1 O. I 0.2 0.2 394.3 19.8 2.0 10. 7
7C 5.3 0.5 0.2 0.6 0.2 85.8 24.6 0.9 2.7
8B-I 5.6 0.3 0.1 0.4 0.2 280.3 23.2 0.7 29.2
8B-2 7.5 1.1 0.3 1.4 0.4 56. I 12.0 o , 9.9L.4

8B-3 7.4 0.3 0.1 0.3 0.2 124.4 53.5 0.8 4.6
8C 5.5 0.5 0.2 0.5 0.2 25. I 20. I 8. I 6.3

lOB 4.9 0.6 0.1 0.7 D.1 3.1 1.7 0.2 0.4
10C 6.8 0.7 0.2 0.3 D.I 34.9 3.6 O. I 2.4

n. araneus

IC 7.5 0.6 O. I 0.3 0.2 5.9 6.9 D.6 1.4
7D-I 10.8 1.2 O. 7 1.6 1.6 5.3 19.4 0.9 0.7
7D-2 9 ~ 5 3.7 0.2 2.5 1.5 3.1 1.3 0.2 0.4
7D-3 9.9 1.1 0.1 1.6 0.3 2.6 ILl 0.5 0.6

l'olycbaetes

Station

OC
ID
ID
3C
3C
3C
'lC
3D
3D
8D

IOD
IOD
IO[)

Spec ie s

Ar abelli.d

"':,~'L!:-:':.':C'~.c:. s I' •
~£:.".'::'..'.~=.::. sp.

hastata
phtyid
hastata---

ph t yid
1=. .. squclmatus
!\rill",llld

~r.I:lodoc-'=. sp.
!\cilbell lei
Clymenella sp.

We t wt (g)

0.2
1.6
4.4
1.0

56.7
1.2

50.4
1.3
0 .. ,~

O• .3
1. I,

(1./,

7.0

Dry wt (g)

0.1
0.2
1.1
0.2
8.0
0.3
5.4
0.2
a.l
O. I
O• .3
O. I
1.1

Cd (~g/ g dr y wt)

1.1
1.8
2.2
1.6
2.0
0.8
0.2
1.0
0.4
0.3
0.6
2.il
3.6

----------,---
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Appendix I (cont 'd)

Flatfish

Dry weight-wet weight relationships:
Muscle - Wet wt 2.8 + 8.1 (dry wt)
Viscera - Wet wt = 5.1 + 4.2 (dry wt)

Station Spec Je s

Whol.e
Length (cm) '''et wt (kg)

Sample
Cd(llg/g dry wt)
Huscle Viscera

OC 29.0 O.2S 0.3 4. (, 0.05 0.44
OC 3L,.0 0.36 1.0 5.0 0.03 0.26
OC -2 22.0 O. JS 1.0 1.8 0.12 1. 31
lC L. 1 23.0 0.14 0.6 0.8 0.05 0.93
lC 2S.5 0.21 1.0 2.6 O. ]] 0.60
lC H. 31. 0 0.22 1.2 2.2 0.02 0.77
JC -2 27.0 O. IS D. 7 1.7 0.06 0.36
3C P. americanus 31.0 O. L,O 3.2 3.4 0.05 I. 97
8B H. platessoides 30.0 0.19 0.6 1.2 0.41 1. 95

10C ferruginea 29.0 0.28 0.6 4.S 0.07 0.55

Whelk B. undatliITl

Station We t wt - so f t pa r t s (g) Dr y wt (g) Cd G gig dry we)

7C-] 16.9 2.7 0.4
7C-2 43.5 L,.8 3.8
8C-l 10.5 1.4 2.0
SC-2 16.8 2.9 6.3
8C-3 23.4 1.9 137.S
8C-4 21. 3 3.2 108.5

10C 17.8 3.3 lS.2

American Pelican 1 s Foot - A~ occiclentalis

Station \>let wt - soft parts (g) Dry wt (g) Cd (Ilg/g dry wt)

DC 2.6 (2 animals) O. L, 0.2
OD 1.1 0.2 0.3
IC 2.9 0.5 0.4
3D 2.4 0.4 0.2
7C 1.2 0.3 9S.3
7D 2.3 0.3 0.2
SC 6.4 (5 animals) 1.0 0.6



Appendix I (cont'd)

Quahog - M. mercenaria

-32-

Station

5B-l
5B-2

Valve length (em)

10.4
3.8

'Ae t wt - so f t pa r t s (g)

196.9
6.5

Dry wt (g)

12.8
0.4

Cd (\1 g/ g dr y wt)

12.9
6.7

Crabs P. 1.'.ll_beseens and P. ,'1cadianus
- ~--~-----

Station Spee ies \1e t wt (g) Dry wt ( g) Cd (\1g/ g dry wt)

OC P. l'.'c'heseens 2. I D. ') D.9
DC fI.5 1.7 1.5
ID 17.4 I.. D D.3
3B 1.3 D.3 2.4
3C 8.3 2~6 ].4
5B 3.6(4 anim) 1. 1 1.4
5C P. acadianns 1D. 9 3.2 1.6

lOB P. pllbeseens 2.2(2 anim) 0.6 0.5
10C P. acadianus 3.8 1.1 0.8-----

Cockles - C. eiliatllm

Station Valve length (em) Wet wt - soft parts (g) Dry wt (g) Cd (\1g/g dry \0.'1:)

] D-] 4.8 22.1 2.2 0.8
] D-2 4.7 13.5 1.3 1.1
3D-l 1,.7 15.2 1.4 1.1
31J-2 1,.8 13. 3 1.4 2. I
5D-l 11 .5 9.3 D.9 1.5
5])-2 4.4 10.8 1.0 1.2
7D-l 4.5 11. I, 1.5 0.5
7D-2 4.9 12.7 1.3 D.9

---------
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Appendix I (cont'd)

Barnacles (~. balanoides) and periwinkles (Littorina sp.)

Data for dry weight-wet weight relationships not available.

Barnacles

Station Dry wt (g)a Cd (~g/g dry wt)

Periwinkles

Station Dry wt (g)a Cd (~g/g dry wt)

1A 2.5(4) 0.5 lA 3.1(4) 6.5
1A 2,3(1,) 0.1, 1A 3.3(3) 7.7
1A 2, 1(4 ) 0.3 5A 0.6(2) 8.0
3A 0.4(1 ) 2.9 5A O./f(1) 14.2
3A 1.4(2) 1.7 5A 0.4(1 ) 19.2
3A 1. 7(2) 3.9 5A 0.5(1 ) 26.3
SA 0.4(1) 1.1 5A 0.5(1 ) 31. 1
SA 1.2(4) 1.2 6A 0.2(2) 18.0
SA 1. 3( 5) 1.4 6A 0.3(2) 44.0
SA 1. 5(5) 1.5
6A 1.4(5) 1.1 6A 0. 1,(3 ) 43.0
6A 1.5(5) 2.9 9A 0.3(3) 2.0
6A 1. 3(5) 1.7 9A 0.3(3) 10.9
6A I. 7(5) 1.5 lOA 0.1(2) 1.1
7A 0.7(1 ) 2.1
7A 1.1(6) 1.8
7A 0.9(5) 2.2
9A I.l(6) o ')

• L

9A 0.6(4) n.7
9A 1.9(5) n,6

~~~,-"_."_._~--~--~------------~--

aData in parentheses refer to numbers of animals used in a pooled sample.



Appendix I (cont'd)

Macrophytic algae

Data for dry weight-wet weight relat ionships no t avai Iable.

L. digitata F. vesiculosus - frond

Station Dry wt (g) Cd (~g/g dry wt) Station Dry wt (g) Cd (llg/ g dry wt)

OA 0.7 0.4 OA 3.9 6.3
IA 5.0 1.2 IA 3.0 5.8
IB 0.8 1.2 IB 7.0 2.5
2A 3.5 0.8 2A 3.9 2.9
3A 3.8 0.8 3A 8. I 13.3
3Jl 2.2 0.8 6A 3. I 18.9
4A 2.4 0.7 7A 4.0 30.3
5A 3.5 0.6 9A 0.7 1.3
5B 1.6 1.3
6A 3. I 0.4 A. nodosum - stem
8A 1.7 1.8
9A 1.2 0.7

lOA 1.5 0.4 3A 1.4 13.7
lOll 2.6 0.7 4A 5.1 1.5

5A 0.3 13.7
F. vesiculosus - stem 8A 3.5 7.2_.
~------

9A 1.0 0.6----",_.__ .__ ..._-_ .._--_._-_._.~-_.~----_.~ --_.~ .•._~_._"'-_. __._---~--

1.3lOA 0.3
OA 0.9 2.7
IA 0.2 8.5 A. nodosum - frond
III 1.1 11.0

0.4 1.7
--~~--_._--

2A
3A 0.5 9.8 3A 7.4 0.6
6A 0.1 18.2 4A 3. I 1.0
7A 0.9 8.2 SA 3.9 18.0

8A 12.9 10.9
9A 7.7 0.8

lOA 11. 4 1.8
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INTRODUCTION

Following a request from the Fisheries Manage­
ment of the Department of Fisheries and Oceans,
units of Ocean and Aquatic Sciences, Atlantic,
conducted a preliminary survey of the circulation
and heavy metal contamination of sediments, water
and suspended matter in the marine environment
surrounding Belledune Harbour, N.B. The field work
was conducted using the vessel NAVICULA between May
6 and May 8, 1980. lwenty-two grab samples and six
water samples were collected at selected sites in
Belledune Harbour (Fig. la) and a further 13 grab
and 12 water samples were obtained from coastal zone
transects both to the west and east of Belledune
Harbour (Fig. Ib). At each location from which
water samples were collected, a sample of suspended
particulate matter (SPM) was also obtained. A
vertical profiling current meter was used to obtain
hydrographic information.

0"
6>33 • 5
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·35
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BELLEDUNE WHARF

Fig. la. Station locations in Belledune Harbour.
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This document is a preliminary report of the
circulation studies, sediment and suspended matter
resul ts, si ze analyses of sed iment particles and
water analyses, respectively.

PHYSICAL OCEANOGRAPHY

This note summarized the physical oceanographic
data obtained by the Bedford Institute in 1964
(Canadian Hydrographic Service 1965) and 1980. For
the dispersal and movement of water-borne contami­
nants, the following processes are thought to be
important (no relative scale):

(1) Nature and strength of the coastal
circ ulation;

(2) Response of the harbour to external
events;

(3) Circulation within the harbour, source
points of contaminants, and exchange with
t he coastal zone (5 km).

NATURE AND STRENGTH OF THE COASTAL CIRCULATION

There are several current systems in the near­
shore zone which dominate the water movements. We
will confine ourselves to discussing two: (a) long­
shore currents produced by an oblique wave approach
to the shoreline; (b) coastal currents due to
freshwater runoff.

(a) Longshore currents due to waves - this type
of current is significant in that it is
responsible for the net transport of sand
or other beach material along the shore.
Belledune Point is subjected to wave action
from a sector ranging from NW through north
to southeast; however, only the eastern
fetch has considerable length. The wave
characteristics for this sector range from
2.1 m @ 5 s to 5.8 m @ 9 s. The longshore
current for waves coming from the east is
shown in Fig. 2. Note the convergence zone
on the east side of the Point. It should
be no ted tha t the wave ac tion on the
eastern side of Belledune Point is usually
heavier than on the western side, giving
rise to a net littoral drift which is
predominantly westward. However, other
current systems may modify this pattern.

Fig. lb. Station locations on coastal zone
transects.
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(b) Coastal currents due to freshwater runoff -
fresh water by the Restigouche
River (600 smaller coastal
tributaries set up a flow along the
southern coast. Current measurements in
1964 and spot measurements at some of the
locations shown in Fig. 1 show that typical
rates in the surface (0-10 m) layer are of
the order 10-20 cm/s, directed to the east,
and following the coastline. Large varia­
tions in those speeds could however occur,
achieving maximum values of 1.6 knots.
Figure 3a shows a qualitative picture of
the coastal flow determined from parachute
drogues released at regular intervals
during August 1964. In general, the flow
offshore tends to be aligned with the
shoreline; some flow separation may occur
due to the projection of the breakwater
into the stream. If we assume that this
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flow is decoupled from those waters below
10 m, an estimate of the wldth of this
current can be made. Measurements in May
1980 show a typical density contrast of 2 x
10-4 A.ssuming a rate of 15 cm/s and
thickness of 10 m, the width of this
current wlll be about 2 km.

RESPONSE OF THE HARBOUR TO EXTERNAL EVENTS

Fig. 2. Direction of longshore current. A - for
waves from NE; B - for waves from east.

Time

During May 1980, a sub-surface pressure gauge
was installed at the inner end of the wharf. This
gauge measured total pressure (atmospheric +
pressure due to fl uc tua tions in mass above the
instrument) every 30 s over a time span of 2 d.
Figure 4 gives the variation of equivalent water
height for the duration. Note that the only
significant variations are due to tides. Seiching,
which could contribute to the flushing of the
harbour, is either absent or insignificant during
the sampling period.

CIRCULATION WITHIN THE l~RBOUR

Fig. 4. Water level time history - Belledune
Harbour.
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Fig. 3a. Coastal currents due to freshwater runoff
in the vicinity of Belledune Point.

Circulation pattern in Belledune Harbour.
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Fig. 3b.

40'

50' The coastal flow due to freshwater discharge is
of sufficiently large scale that it does not "see"
the opening of the harbour. However, a flow past
its mouth could introduce a circulation pattern as
shown in Fig. 3b. If this pic ture is correc t, it
tends to indicate that the exchange between harbour
and coastal flow is limited to diffusive effect
only; for all practical purposes the harbour is a
closed system. However, this pattern could be
altered when easterly or northeasterly wlnds disturb
the coastal flow.

BOTTOM SEDIMENTS

After removal of matertal >2 mm, a representa­
ttve part of each sediment sample was oven-dried for
chemical analysis. From another portion of the
sample, the sand particles (2.0-0.053 mm diam.) and
mud st ze particles «0.053 mm diam.) were separated
by wet sieving, and the fraction <0.053 mm or 53 ~m

was retained for chemical analysts. The amounts (by
weight) of the sand and mud size material tn each
sample (Table 1) were also used to classify the
textural characteristtcs of the sediments according
to the nomenclature of Lortng and Rantala (1977) and
to estimate the partition of cadmium (Cd) in the
sediments (Table 1).
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Table l. (',admium (Cd) in llelledune Harbour and coastal sediments.

Sus pend ed
pa rtic ulate

Station Sed imen t Mud ~{, muel ( <53 pm) rna t te r
no .. (ppm Cd) (ppm CeI) (in sediments) (ppm Cel )

Lagoon 12.6 13.0 61+.8
Slag 53.6
1 Ha rbour no t analyzed sand 6.6

sanel
2 Harbour 9.2 7.9 58.6
3 Harbour 9.2 15.6 42.8 5.7
4 Harbour 9.5 13.8 33.4
5 Harbour 13.3 19.6 56.1 15.2
6 Coastal 1.8 4.4 33.8 2.6
7 .1 .4 36.8 6.2
8 Coastal .2 .6 43.6 3.1
9 Coasta 1 .5 1.2 48.6

10 Coastal not analyzed 1.1 gravelly sand 2.8
gravelly sand

J 1 Coasta 1 .2 .6 24.8 2.1
12 Coastal .2 1.6 9.3 3.5
13 Coastal no t analyzed rocks 4.0

(roc ks)
14 Coastal .2 1.1 13.4 4.6
15 Coastal loB 8.5 30.3 2.4
16 Coastal 2.8 6.6 1'2.7 5.0
17 Coastal .2 .4 52.1 2.9
18 Coastal .2 .6 32.] 2.9
] 9 Coastal .3 .il 37.5 3.4
20 Ha rbour 16.9 27.8 26.9 96.0
21 Harbour 30.0 40.2 50.8 23.6
22 Harbour 60.8 54.8 83.4
23 Harbour 49./; 61. 5 50.2
24 Ha rbour 60.8 63.5 65.2
25 Harbour 39.h 41,.6 41,.9
26 Ba rbour 54.2 74.0 54.1
27 Harbour /;6.6 38.4 83. 5
28 Ba rbour JL,.O 34.4 86.3
29 lIarbour 21.0 28.3 3B.6
30 H,;] rbour 21.3 2B.O 55. I,
31 r-J;lrbour 1,(,.6 45.4 69.6
32 Ilarbouf' /+1 .0 37.2 B4.5
33 Harbour 32.2 34.8 79.9
3/+ tia rbour 10.h 17.6 113.2
35 (hour 11,. h 19.2 47.7
36 Harbour 16.0 23.3 50.2
37 Harbour 16.4 21.8 47.1



The harbour sediments contain <5-86% by weight
mud and 14->95% sand. Texturally they vary from
sand (>95% by weight sand particles) through very
sandy (>30% sand) muds, to the sandy (5-30% sand)
muds (Stations 21, 22, 27, 28) found just off the
lagoon and wharf breakwater.

CADMIUM IN SEDIMENTS AND SUSPENDED PARTICULATE
MATTER

Total Cd and zinc (Zn) concentrattons were
determined by using flameless (Cd) and flame (Zn)
A.A. techniques in a drted pordon (l0-500 mg) of
the total sample, in a portion of the 0.053 mm
frac tion from each sample, and in the SPM.

Total Cd vartes from 9-61 ppm in the harbour
sediments (Fig. 5). The highest concentradon
(30-61 ppm) occurs in that part of the harbour west
of a line drawn between Chapel Pte and the end of
the breakwater. Seaward, Cd concentrattons drop to
9-17 ppm off and to the east of the Brunswick Mining
and Smelttng Umited outfalL Since the highest
concentrations occur along the edge of the lagoon
breakwater and around to the wharf, the Cd pattern
suggests an tnput of Cd-rich material in this area.
The enrichment factor for these sediments ts about
100-200 ttmes above a background level of about 0.3
ppm found tn the adjacent coastal sediments.

e 1.8

02.8

Ftg. 5. Cadmium (Cd) in sediments (ppm) in Belledune
Harbour.

In the mud fracdon «0.053 rom), Cd concen­
trations vary from 8-74 ppm (Fig. 6) and have a
comparable distribution pattern to those found for
the whole sediment. High Cd concentrations (28-74
ppm) occupy the western part of the harbour and
decrease seaward (8-28 ppm). TIle enrichment factor
for Cd-rich matertal is about 50-150 times above a
background level of about 0-5 ppm we found in the
offshore mud fraction.

Calculation of absolute concentrations of Cd tn
the sand size fraction (Fig. 7) (2.0-0.53 rom) from
the total and <0.053 rom Cd data tndicates this total
Cd in the sand fraction varies from 4-91 ppm. The
highest concentrations (88-91 ppm) of Cd occur just
off the wharf and form part of a Cd-rich sand area
(52-91 ppm) in the northwestern section of the
harbour. Seaward over a distance of 1.5 km the Cd
concentrations decrease sharply towards the harbour
mouth (52-5 ppm) and follow the same dispersal
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Fig. 6. Cadmium (Cd) in <53 ~m fraction of sedi­
ments (ppm) in Belledune Harbour.
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Fig. 7. Cadmium (Cd) in >53 ~m fraction of sedi­
ments (ppm) in Belledune Harbour.

pattern as the Cd in the total sample and <0.053 mm
fraction. The enrtchment factor for the Cd-rich
sand material is about 150 times above a calculation
background level of about 0.05 ppm Cd in the
offshore sand fraction and is the same as the
enrtchment factor found tn the mud-size material.

Further calculations of the contributions of Cd
in the sand and mud size fractions to the total Cd
concentrations show that 13-56% of the total Cd in
the harbour sediments occur in the sand size
fraction and the remainder (44-87%) of the Cd is
contributed by the mud size fraction. Regionally,
the highest percentage (30-56% of the total) of Cd
contributed by the sand size fraction occurs in the
western part of the harbour and the lowest percen­
tages occur seawards. TIle sand size particles
contribute 3.0-19.6 ppm Cd to the total Cd concen­
tration of the samples and the mud size particles
contribute "'7.5-48.7 ppm. The highest concentra­
tions of Cd-rich sand contributions 0'20 ppm Cd)
occur just off the lagoon breakwater and thus
decrease gradually seaward with concentrations
falling to 5 ppm at the mouth of the harbour. High
Cd concentrations in the mud fraction ("'30-45 ppm)
also occur in the western part of the harbour.



Seaward Cd contribution in the mud decreases sharply
from 30 ppm off Chapel Pte to <5 ppm at the mouth of
the harbour.

This partition pattern and the absolute Cd
concentration in the sand and mud fractions (Fig. 6,
7 respec tively) imply that Cd-rich partic.les are
bimodal and represent the input of both relatively
coarse and fine Cd-rich material to the harbour.
They also indicate that the Cd-rich coarse- and
fine-grained material is also mostly trapped at the
head of the harbour adjacent to the breakwater with
little Cd-rich material being transported more than
1.5 km seaward. Although the exact source has not
yet been identified, the coarse particles may
reflect spillage of Cd-rich materials (see Sergeant
and Ray, this report) and the deposition of the
fine-grained particulate Cd, perhaps from the out­
fall, as suggested by the high Cd concentration (~96

ppm) of the SPM at the outfall at the southeastern
corner of the harbour.

Offshore, most of the Cd (70-99%) is located in
the mud size fraction and the sand fraction does not
contain any significant amounts of Cd-rich sand size
particles.
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Fig. 9. Cadmium (Cd) in sediments (ppm) on coastal
zone transects.

The distribution of Cd in the <0.053 mm
fraction also shows the extent of the seaward
migration of Cd (Fig. 10). In this fraction Cd
concentration varies from 0.4-8.5 ppm Cd. The
highest concentration (8.5 ppm) also occurs at
station 15. About 2 km seaward of station 15, Cd
concentrations decline rapidly to ~1 ppm at station
14, a level which is also found in the fine fraction
about 2-3 km off Pte Verte and Rochette and Trap
Pte. Beyond these stations Cd levels decline to
background levels of 0.4-0.6 ppm in the fine
frac tion.

Five spot samples from the harbour contained
approximately 6-96 ppm Cd with the highest concen­
tration (96 ppm) occurring at the Brunswick Mining
and Smelting Limited outfall (Fig. 8). Other high
values (24 ppm) occurred in the center of the
harbour and at the seaward end (15 ppm) of the
breakwater. At the mouth of the harbour on its
southward side, Cd levels are reduced to 6-7 ppm.
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Fig. 8. Cadmium (Cd) in suspended matter (ppm) in
Belledune Harbour.

In the three coastal transects to the east of
the harbour (Fig. 9), total Cd varies from 0.1-1.8
ppm in the sediments. Except for sediments at
station 15 about 3 km seaward of Belledune Pte and
Station 16 adjacent to the west side of the break­
water that contain 1.8 ppm and 2.8 ppm Cd (Fig. 8),
all the other sediments on this transect and those
to the east contain low concentrations of Cd
(0.1-0.5 ppm). To the west of the harbour the
sediments along the control transect at Tr~p Pte are
also low in Cd as they contain 0.20-0.30 ppm Cd.
These concentrations are considered to be at or near
background values.

Fig. 10. Cadmium (Cd) in <53 ~m fraction of sedi­
ments (ppm) on coastal zone transects.
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Preliminary analysis of SPM from the coastal
waters shows that they contain 2.1-6.2 ppm Cd (Fig.
11). Al though these values are much higher than in
most coastal sediments, they do not seem to be
greatly enriched in Cd when their fine-grained
nature is considered. Thus, there is little indi­
cation that the sediments, their fine fractions, and
the SPM are contaminated with Cd more than 3 km
seaward of the harbour mouth or eastward along the
coast to Pte Rochette.
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Fig. 12. Zinc (Zn) in sediment (ppm) in Belledune
Harbour.

Fig. 13. Zinc (Zn) in <53 ~m fraction of sedimentf
(ppm) in Belledune Harbour.

ZINC IN SEDIMENTS AND SUSPENDED PARTICULATE MATTER

The tentative results to date show that total
Zn concentrations are also very high in the harbour
sediments and their fine «0.053 mm) fractions.
Total Zn concentrations (Fig. 12) vary from 925-3800
ppm, with the highest concentrations being found,
like those of Cd, in the sediments next to the
breakwater in the northwest corner. The lowest Zn
concentration occurs close to the Brunswick Mining
and Smelting Corporation Limited outfall (Fig. 12).
The fine fractions are also enriched in total Zn
with concentrations varying from 700 ppm at the
sea\vard end of the harbour to 2350-5250 ppm at the
landward (western) end (Fig. 13). This pattern is
thus comparable to the Cd distribution (Fig. 6).

Fig. 11. Cadmium (Cd) in suspended matter (ppm) on
coastal zone transects.

The SPM samples contain 380-2115 ppm Zn with
the highest concentration (2115 ppm), like Cd, being
found at the station adjacent to the Brunswick
Mining and Smelting Corporation Limited outfall
(Fig. 14). Another high value is found in the
center of the harbour (961 ppm) but lower concen­
trations (380 ppm) occur in the SPM adjacent to
Belledune Pte. Thus, there is some indication that
Cd-Zn rich material i.s being injec ted as particulate
matter into the harbour at the Brunswick Mining and
Smelting Corporation Limited outfall but becomes
quickly diluted by relatively Cd-Zn poor material at
the seaward end of the harbour.

Offshore, Zn contamination in the total sedi-·
men t ha s no t been determined at the present, but the
Zn values in the fine «0.053 mm) fractions (Fig.
15) vary from 117-500 ppm. The highest Zn

Fig. 14. Zinc (Zn) in suspended matter (ppm) in
Belledune Harbour.
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SIZE FRACTIONATION OF CADMIUM-RICH SEDIMENT

FROM BELLE DUNE HARBOUR

For the purpose of determining the Cd concen­
tration associated with the fine-grained, most
mobile, size fractions, a bottom sample from
Belledune Harbour was fractionated, by settling,
into different modal sizes and the grain size of
each compared with the Cd content. The experimental
procedure consisted of suspending similar amounts of
the sediment in super-Q water and from each 3 L
suspension withdrawing a pipette fraction from a
constant depth after exponentially increasing time
intervals. Figure 17 shows the grain-size
composition of each sample corrected to a constant
initial concentration. In Table 2 is listed the
sediment and Cd concentration of each withdrawal
sample. From the difference between consecutive
samples the nature of individual graded fractions
was calculated (Table 3). Size analyses of ore
concentrate samples were performed for comparison
(Fig. 18).

Fig. 15. Zinc (Zn) in <53 ~m fraction of sediments
on coastal zone transects.

concentrations (420 and 500 ppm), like those of Cd,
are found at station 15 about 3 km seaward of
Belledune Pte and at station 16 adjacent to the
western side of the breakwater. Beyond station, 15
and to the east along the coast, Zn concentrations
fall quickly to ~120-180 ppm which can be considered
to be near background when compared to levels of
113-156 ppm found in the fine fractions along the
control transect off Trap Pte.

In the offshore SPM samples (Fig. 16) total Zn
varies from 230-503 ppm without a clearcut distri­
button pattern. Since SPH samples from the Bay of
Fundy normally contain 400-900 ppm Zn, the Zn values
recorded here appear to be close to expected back­
ground concentrations for SPM.

o
z
W
::J
aw
O~
LL

,01

1

c

,, __ 1--

10

DIAMETER, .urn

.. }16

>;1299
~ 360

Fig. 16. Zinc (Zn) in suspended matter (ppm) on
coastal zone transects.

Fig. 17. Size fractionation of Cd-rich sediment.
For definition of individual samples and fractions
see Tables 1 and 2.

Results indicate that during the first five
draw-offs, concentration, grain size and Cd content
decreased in a regular, consistent manner; 94.33% of
the Cd present in the first draw-off had settled out
by the third draw-off, indicating that most of the
Cd was associated with particles of 12-20 ~m modal
diameter. The fraction corresponding to modal sizes
of 8 and 5 ~m contained only 2.4 and 2.3% Cd,
respectively. In the last two draw-off samples the
Cd values were higher than found in the last sample
and consequently no Cd values could be calculated
for the 3.0 and 1.5 ~m fractions. This increase is
most likely due to flocculation or absorption of
colloidal or dissolved Cd onto larger particles.
The loss of Cd in this form to the super-Q water is
shown by a dissolved Cd content of 0.45 ppb measured
in the filtered water of the last draw-off. The one
order of magnitude variation in the Cd to surface
area ratio is evidence that the Cd does not occur as
a coating on larger sediment grains but as discrete
Cd-rich particles.
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Table 2. Size fractionation of Cd-rich sediment from Belledune Harbour.

Se t t ling Total Sur face
rate Carrel' ti on cone .. Cd are(:!. Cd

Frac ti ana (cm/ s) factor (mg/L) ppm (wt) (~m2/L) (mg/L)

>I,.45E-2 1. 45 70.79 70 2.80E10 1.04E-2

2 >1.11E-2 1.1 63.88 54 1.9/11;:10 11.05E-3

3 >6.94E-3 2. 1 43 38 1.,)5EIO 5.86E-4

4 >1. 74E-4 2.1 7.71 43 7.IOE9 3.3IE-4

5 >8.68E-5 1.8 1,.94 39 4.24E9 1.8ilE-I,

6 >4.21E-5 1.6 4.80 91 2.67£9 1,.36E-4

7 >2.10E-S 1.0 4.30 5il 1. 62E9 3. 88E-I,

aSee FIg. 1.

Tilb1" 3. Size fractionation of Cd-rich sediment from Bel ledune Hat"bour.

Surface
area Cd surface

FracttonCl Mode size Cd mg/L a/a total ~m2/L mg/cm2

II 1.11E-2 - 20 6.35E-3 61.06 0.86ElO 7.33E-1
I•• 1.SE-2

B 6.9IfE-4 - 12 3.46E-3 33.27 0.39E10 8.87E-I
1. 11E-2

C 1. 7L,E-4 8 2. 54E-L, 2.44 0.84E9 3.02E-l
6.94E-4

j) 8.68E-5 - S 1.43E-4 1. 38 2.85E9 5.01E-2
1.74E-4

E 4.21E-S - 3 1.56E9
8.68E-5

F 2.IOE-5 - 1.') 1.05E9
1,.20E·-5

98.15

a 1"1 g. I.
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Table 4. Inside the harbour, Cd and Zn concentra­
tions were too high for the preconcentration/
extraction procedures chosen for this study. As a
result, very low extraction efficiencies led to low
results for the analysis of samples 803320 and
803321 by atomic absorption. Anodic stripping
voltametric analysis gave the much higher results
for these two samples that are quoted in Table 4.
Otherwise, the ASB and AAS methods yielded
comparable results.

RESULTS

The concentrations of Cu, Zn, and Cd in water
are sho~1 in Fig. 19-24. 1nese concentrations are
best appreciated in the context of the ranges of
each metal in typical lmcontaminated coastal sea­
water. These are as follows:

DIAMETEH, nn1

Fig. 18. Grain size analysis of ore concentrate
samples from Belledune area. Samples marked: 1.
High Cd dust from stock pile; 2. Lead concentrate
from Church (RMS); 3. Blast-furnace slag from stock
pile. Also shown are relative concentrations of Cd
in individual size fractions of fractionated bottom
sample.

Cu
Zn
Cd

0.3-0.5 Vg/L
0.8-2.0 Vg/L
0.05-0.10 Vg/L

$ 0.)(,

(Yeats et a1. 1978);
(Bewers 1979);
(Bewers and Yeats 1979).

1ne ore concentrate samples are dominated by
grains larger than 5-8 vm. Two out of three of the
samples also contain finer particles. Optical
examination showed that the sample labeled "high
Cd-rich dust from stock pile" was rich in very fine
opaque material similar in appearance to grains seen
in the Belledune samples.

In conclusion, Cd in the Belledune sediment
samples is present mainly in 5-8 vm and larger
grains but fine, partly sub-micron material causes
high relative concentrations in the finer fractions
which would dominate the suspended matter. Cadmium
in the latter may be expected to shift between the
dissolved and particulate fraction during normal
resuspension and settling action of the sediment.

WATER SAMPLING AND ANALYSIS

Water samples were collected at a depth of 7 m
at selected stations by using a General Oceanics
12-L GO-FLO sampling device. Subsamples of the
water were collected for salinity and trace metal
determinations. The trace metal samples were fil­
tered through preweighed 0.4 Vm pore-si ze Nuclepore
filters to remove and collect suspended particulate
matter. The filtrate was then acidified with HCl to
pH ~2 and stored in 2-L conventional polyethylene
bottles (Bewers et a1. 1976).

In the laboratory, filters were washed, dried
and reweighed to determine the concentration of
suspended particulate matter (SPM) per unit volume
of water. Aliquots of the filtered water samples
were analyzed for Cd, Cu, and Zn by graphite
furnace-atomic absorption spectrophotometry
following preconcentration by chelation and solvent
extraction (Bewers et a1. 1976). Separate aliquots
of these samples were also analyzed by anodic
stripping voltametry. The concentrations of SPM,
Cu, Zn, and Cd at each station are presented in

{I\ o. 53

BELLEDUNE WHARF

Fig. 19. Copper (Cu) in water (Vg/L) in Belledune
Harbour.

~".

Fig. 20. Copper (Cu) in water (Vg/L) in coastal
zone transects.
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Table 4. Concentration of copper (Cu), zinc (Zn), and cadmium (Cd) in
seawater .. Data in parentheses are based upon anodic stripping voltametry.
All other analyses were conducted by atomic absorption spectrometry
following chelation/solvent extraction procedures.

Suspended
particulate

Station Salinity matter Cu cone. Zn conc. Cd conc.
no. 0/00 mg/L ~g/L (SD) ~g/L (SD) ~g/L (SD)

8033 01 21. 61 1. 34 0.472(0.007) 6.29(1.08) 2.26 (0.19)
03 23.48 1. 49 0.481(0.032) 2.79(0.32) 0.506(0.021 )
05 23.69 1. 95 0.433(0.062) 1.68(0.15) 0.173(0.006)
06 23.70 1. 14 O. 471 (0. 066) 5.40(0.53) 2.50 (0.25)
07 27.34 1. 42 0.540(0.024) 2.41(0.22) 0.125(0.016)
08 24.24 1.66 0.384(0.031) I, 91 (0.34) 0.196(0.016)
09 24.33 0.751(0.053) 1.93(0.18) 0.198(0.018)
10 27.61 1. 38 0.460(0. OIl) 2.37(0.15) 0.176(0.020)
11 27.08 1. 67 0.387(0.010) 2.10(0.09) 0.161(0.006)
12 25.89 1. 44 0.460(0.010) 2.65(0.26) 0.190(0.006)
13 27.66 1. 32 0.356(0.018) 2.62(0.07) 0.185(0.027)
14 27.68 1. 93 0.464(0.024) 1.92(0.05) 0.108(0.004 )
15 27.02 2.45 0.384(0.023) 2.26(0.18) 0.182(0.008)
16 29.98 1.51 0.363(0.017) 3.19(0.12) 0.458(0.032)
17 27.93 1. 87 0.553(0.018) 0.168(0.012)
18 28.20 1. 24 0.393(0.013) 2.68(0.02) 0.235(0.018)
19 28.05 2.00 0.426(0.005) 2.58(0.10) 0.230(0.010)
20 24.29 7.84 0.907(0.019) 260 125(23)
21 25.10 0.531(0.005) 34.3(2.7) 25.5(2.1)

BELLEDUI'JE WHARF

$ 1.68

Fig. 21. Zinc (Zn) in water (~g/L) in Belledune
Harbour.

Fig. 22. Zinc (Zn) in seawater (~g/L) in coastal
zone transects.
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Fig. 23. Cadmium (Cd) in seawater (~g/L) in
Belledune Harbour.

Fig. 24. Cadmium (Cd) in seawater (~g/L) in coastal
zone transects.

As can be seen in Fig. 19-20, copper concen-­
trations in the vicinity of Belledune, even inside
the harbour, are comparable with typical coastal
water concentrations. The copper concentration only
exceeds the coastal seawater levels on the station
adjacent to the outfall of the smelting plant where
the concentration approaches 1 ~g/L.

In contrast, both Zn (Fig. 21-22) and Cd (Fig.
23-24) show considerably increased levels in the
vicinity of Belledune Harbour. The Zn concentration
of the sample collected adjacent to the outfall (260
~g/L) was "'150 times the normal levels I.n coastal
waters but the concentrations rapidly decrease to
L 7-6.3 ~g/L in the section across the harbour
mouth. Outside the harbour high concentrations were
found only at stations 6 and 16 along the outside of
the breakwater. These elevated concentrations may
have arisen from releases from the outfall of the
fertilizer plant or transport of water from
Belledune Harbour through or around the end of the
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breakwater. All Zn concentrations on the four near­
shore transects in the Bay of Chaleur were close to
expected coastal water values. Thus, it appears
that the major Zn contamination of the water is
confined to Belledune Harbour with somewhat elevated
levels also evident in the area adjacent to the
harbour breakwater.

The Cd distribution is very similar to that of
Zn. Levels in the general area are somewhat higher
than typical coastal water samples but this may be
the consequence of mineralization of the local land
area. Higher values are confined to the vicinity of
Belledune Harbour where concentrations can be 100
times ambient. As in the case of Zn, the samples
obtained just outside the northern break"Jater are
elevated in Cd, but not to the extent found inside
Belledune Harbour.

CONCLUSIONS

Preliminary conclusions that may be drawn from
the data contained in this paper are that: 1)
Belledune Harbour is heavily contaminated with Cd
and Zn in both aqueous and sedimentary phases, and
2) contamination levels dec rease rapidly away from
the harbour such that none of the coastal zone
transects further than 3 km from Belledune Harbour
can be regarded as yielding abnormal metal distri­
butions. Within the harbour, Cd-rich particles are
found to have a bimodal distribution which suggests
that both fine and coarse particles are important
agents of Cd transport. Host of these Cd--rich
particles remain trapped at the western end of the
harbour, close to the breakwater, and little
material seems to be transported more than 1.5 km
seaward. It is possible that any exported metals
have been transported predominantly into the deeper
regions of Chaleur Bay to the northeast. Never­
theless, it is our convic tion tha t, under normal
atmospheric conditions, residual coastal circulation
would be the most prominent mechanism of particle
and aqueous transport. It is likely that storm
events could produce considerable redistribution of
the contaminated sediments and this aspect of
transport would be worthy of further investigation.
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INTRODUCTION

Fig. 1. Graph of )1g Cd leached/g slag in different
media.

Emissions of cadmium (Cd) associated with
Brunswick Smelting's operation at Belledune were
described by Sergeant and Westlake (this report).
The levels of Cd found in water, sediment and biota
from this area may be related to the leaching of Cd
from various materials used in, or produced by, the
smelting process. Of particular concern with
respect to leaching are: the slag because of its
quantity (at present, 1.4 million metric tons (MT)
in the slag pile); the baghouse dust which is
removed from the when the Cd concentration
reaches about 10% MT last year), because of its
high concentration of Cd and the Cottrell dust
received from Noranda Horne mine I because of its
volume and 1% Cd content (4542 MT for each of 1978
and 1979). These materials were subjected to
leaching tests to determine their relative leaching
potential in a rapid preliminary study covering a
short time period and using arbitrary, non-standard
techniques. Leaching criteria in relation to
smelting and refining s are discussed,
for example, by Leonard et al, 1977).
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Polyethylene bottles (1 L, soaked overnight
with 50% nitric acid and then washed three times
with deionized distilled water) were filled with: a)
distilled water at pH 1; b) normal seawater; c)
seawater at pH 1 (pH was adjusted by addition of
nitric ac i.d , BDH Aristar grade). The initial volume
in each bottle was 900 mL, Approximately 0.9 g (wet
weight) of each sample was added.

The bottles were thoroughly shaken periodically
and the contents were allowed to settle for 16 h
prior to sampling. No haziness was observed at the
time of sampling. A 20-mL water sample was with-
drawn by pipette without from each bottle
at 0, 17, 41, 94, 166, 304, 376, and 523 h. The
unacidified seawater samples were acidified with two
drops of Aristar nitric acid at the time of samp­
ling. Cd concentrations in the unfiltered water
samples were determined by graphite furnace atomic
absorption spectroscopy. Accuracy and precision of
Cd analyses were checked NBS standard
reference material 1643a trace elements in water).

Fig. 2. Graph of )1g Cd leached/g baghouse dust in
different media.

t::. Baghouse dust in normal seawater

o Baghouse dust in acidified seawater

The results ()1g Cd leached/g material) of the
leaching tests are presented in Fig. 1-3. Plotted
lines were fltted to the data by least square
regressions. Analytical (interference) problems
encountered with the baghouse dust in distilled
water for the 17-h sample led to sampling and
analysis of water samples from this bottle being
terminated after that time.

Samples of slag, baghouse dust and Cottrell
dust were analyzed by the New Brunswick Research and
Productivity Council (RPC) (Fredericton, N.B.).
Baghouse dust was also analyzed by the National
Research Council (NRC) laboratories (Ottawa, Ont.)
(Table I, 2).

o 200 400
Time (Hours)

600
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Table 1. Analysis of baghouse dust (NRC, Ottawa).

----------------

Element

Fe (iron)
Pb (lead)
Zn (zinc)
Ca (calcium)
As (arsenic)
Si (silicon)
Al (aluminum)
Cu (copper)
Mg (magnesium)

Wet weight
%

20
10
10
10

5
3
0.3
0.3
0.1

Element

Sn (tin)
In (indium)
Bi (bismuth)
Sb (antimony)
Ag (silver)
Ti (titanium)
Mn (manganese)
B (boron)
Cda(cadmiwn)

Wet weight
%

0.1
0.1
0.1
0.06
0.03
0.03
0.03
0.01
7.5

aFlame atomic absorption.

Table 2. Analyses of slag, baghouse dust and Cottrell dust (RPC,
Frederic ton) •

Wet weight Wet weight in Wet weight
in slag baghouse dust in Cottrell dust

Element % % %

Fe ( iron) 30.6 7.6 19.2
Zn ( zinc) 12.8 5.3 4.6
Cu (copper) 0.30 0.61 0.33
Pb (lead) 4.06 32.6 30.3
Cd (cadmium) 0.01 9.7 O.Ol a

Bi (bismuth) 0.01 0.11 0.04
Sb (antimony) 0.03 0.06 0.08
Ca (calcium) 10.4 2.32 0.06
As (arsenic) 0.12 1.6 0.32
Ag (silver) 34 ppm 219 ppm 467 ppm

aproblems with precipitation of material during dissolution process.

100

Cottrell Dust
0-

80 0'

:;; aa.
'"

-0 60 "'"
p~

.c:
0 '"'-' 0

"" 0 "'" /

...J 0 "40 / "
-0

" '"'-"
/

/

= /

::l. 0 /0

20 ~o""
b 6Q 0 6_._._.

_._0"'"
l:!. _.-' 6. 6,6_ ol:!._o-o_o

0
200 400 600

Time (Hours)

Fig. 3. Graph of ~g Cd leached/g Cottrell dust in
different media.

o Cottrell dust in acidified distilled water

~ Cottrell dust in normal seawater

o Cottrell dust in acidified seawater

RESULTS AND DISCUSSION

LEACHING STUDY

Slag, baghouse dust and Cottrell dust are
potentially subject to leaching of Cd by contact
with water. Of particular concern is the baghouse
dust which contains high levels of Cd (approximately
10%). Rozovsky (1974) reported that the Cd in the
dust from the electrostatic precipitator on the
sintering machine was in the oxide form, and thus
presumably readily leachable.

Acidified distilled and seawater were chosen as
leaching solvents to give an estimate of the maximum
leaching potential of each material, compared to
the leaching potential in seawater.

Physical characteristics

The slag sample was a slightly wet, black,
coarse, sand-like, glassy material; the baghouse
dust from the stockpile was wet, greyish-green and
very fine with some agglomerations; the Cottrell
dust was a dry, very fine, dark-grey powder and



agaln had some agglomerations. These characteris­
tics explain why fine matArial from the baghouse
dust and Cottrell dust was observAd floating on the
surface in the acidified distilled water bottles.
Fewer floating particles were observed in the

eawater tests with these materials. In both
ac id i fled and norma 1 seawater the baghouse dllS t
became a silvery color.

Although settling rates were not determined,
the tendency to sett Ie was slag> baghouse dust>
Cottrell dust. At the end of the expAriment, fines
of Cottrell dust WAre still visible on the surface
o a1 L three media, whereas a small amOtlnt of
baghouse dllst fines was observed on the surface of

thA seawater only.

S.Zaq

A gradual leaching of Cd by ac fied distilled
water over the rst 1')0 h was observed (Fig. la).
An (:>'11,1 i. 1 ibrium was F'stabl ished clfter that time.
Thr'fp was some fluctuAtion in the data and the last
tllree sanlple points may indicate some adsorption of
Cd, or could be a reflection of sampling (drawing of
fine particles into pipette) or arlalytical varia­
tions. Leaching of Cd from slag in normal seawater
was very slow (pig. Ib). There is considerable
fluctuation in the data points, and at the end of
the lest the Cd level was only 15% of the maximum
observed for the acidified distilled water case. The
leaching in acidified seawater (Fig. lc) shows a
rapid leaching of Cd with equilibrium being estab-
I ished after about 50 h. The amounts of Cd leached
by acidified seawater were about 50% of that leached
by acidified distilled water.

S 1 i the major byproduct of the sme1 Ling
ope lion nnd eVf'n a limited DmOtln{ of leaching by
Sl';l\vilt f" could con rihutp J.argp amOllnts of Cd to the
environllH::.nt Assuming the slag contains 0.01% Cd,
Ihen 100, 20 and Ed;; of the Cd was leached from the
slag by He id i ied dis t i 11 ed water, seawater and
ae idi seawacer

({;Clpid leaching by ae idified seawater followed
bv (''1"i I ibrium was observed (Fig. 2). The dust in
norm,,!-j awater leached rapidly at" first, then

gr"adllAlly tllfougll ttle remainder of the experiment.
In,o()t.h media qu;,Hltities of Cd teached were
}OJ times the levl?!s observed for slag. Acidifi.ed
distilled water 1.eached about the same 3ffiO\lnt of Cd
as ac IJ] i ied seawElter at 17 h when th is tpst was
t,·'rlnin,Jted. The prohlem encount(~r{ld was that of a
split peak on the recorder and failure of the pE~n tn
returtl t(J basel ine indicating a probable inter­
fen:'l1ce phenomenon. Since the dust was determined
to con in 8.6% wet weight Cd (average of Cd values
in ables 1 and 2) on a wet weight basis, then
normal seawater had leached about 21% of the total
Cd from the dust and the acidified seawater about
(, 7%.

The quantity of dust produced and its handling
and storage are therefore of concern dlle to its
high Cd content. If this dust i,s convey('d by wind
Ol- ;]S C1 .suspension in \</ater into tilP harhour or Bay
of Chaleur, it would presr::nt: a major source of Cd
contamination of tile environment in excess of the
normal dustfall (Sergeant and Westlake, Fig. 1,
this report>. This dust, if stockpiled in the open,
can also be leached by precipitation.
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Cottre17. dust

Leaching in acidified distilled water proceeded
slowly with equilibrium being reached after about
450 h (Fig. 3a). The amount leached was about the
same as from the slag. For normal seawater
leaching, a constant leaching rate was observed
(Fig. 3b). In comparison with the acidified dis-·
ti lled water, less than one quarter of the amount of
Cd was leached in normal seawater. The scatter of
the points in the acidified seawater leaching test
(Fig. 3c) made it impossible to say whether equi-
I ibrium was reached. It appears that leachi ng
continued over the entire test period with the
quantity leached being slightly less than that in
the ae idifled dist i l1ed water. Assuming that this
dust is 1% Cd wet weight, we find that 0.9, 0.[ and
0.6% of the total Cd in this material was leachAd by
acidified distilled water, normal seawater and
acidified seawater, respectively.

The Cottrell dust should not present a problem
under normal handting conditions. However, its
potential to leach should not be overlooked.
Cottrell dust has demonstrable leachabil ity and
should be handled accordingly.

ANALYSIS OP IlELLEDUNE SLAG, BAGHOUSr: DUST AND
COTTRELL DUST

The National Research Council analyzed the
baghouse dust by using a dc-arc emission spectro­
graphic method. The results of their analyses are
given in Table 1. The New Brunswick Research and
Productivity Council analyzed the slag, baghouse
dust and Cottrell dust by X-ray fluorescence and
X-ray di ffraction to establish what elements were
!)resent and then quantified tIle elements by atomic
absorption spectrophotometry. Their annlyses are
given i.n Table 2. The NRC results in Table I are
st'miqllantitative and should be within a factor of 3
of the actual results. Comparing Table [ to Table 2
for the baghouse dust, we see this type of
agreement.

To see if our samples (Table 2) were repre­
sentative of typical materials, we obtained some
Brunswick Smelting data on the typical composition
of such materials at the Belledune smelter. Except
for the Cd analysis on the Cottrell dust, there was
good agreement in composition.

CONCLllS IONS

The leaching potential decreases in the order
baghouse dust »> slag =>Cottrell dust. The
baghouse dust is the most hazardous material from
leaching and environmental points of view. The
slag, despite its low Cd content and relatively
limited leachability, may also be a source of Cd
because of its quantity.
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INTRODUCTION

The objectives of this review are:

(A) to assess cadmi\UTI (Cd) accumulation by marine
organisms when they are exposed to sea Ivater with Cd
at low concentration (ppb range),

(8) to assess the potential for Cd excretion by
marine organisms.

A. ACCUMULATION OF CADMIUM

SummaTl/

From the data for sea weeds, crustaceans)
polychaete worms and molluscs, there is evidence
that Cd accumulates in the tissues of these
organisms from water containing Cd at very low
c{)ncentrations, from trace amounts to less than 0.5
pph Cd in water. For animals exposed to 0.5 ppb Cd
or less, uptake rates are low, ranging From 0.05 to
15.3 ppb Cdlh (dry wt).

Sea weed

Fucus vesiculosus taken from water with 0.3 ppb
Cd had tissue concentration of 15 ppm Cd dry wt, and
from water with 0.5 ppb Cd had tissue concentration
of 30 ppm Cd (Butterworth et a1. 1974) (Table 1),
yielding concentration factors (CF's) of 50,000 and
60,000, respectively.

F. vesiculosus taken from water with mean
annual Cd concentration of 0.27 ppb had tissue con­
centration of 3.8 ppm Cd dry wt, and from Ivater with
0.59 ppb Cd, the tissue concentration was 11. 3 ppm
Cd (Horris and Bale 1975) Cfable 2), yielding CF's
o up to 25,500 aud up to 51,400, respectively,
close to the valups reported above.
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Crustaceans

Lobsters (Homarus americanus) exposed to sea
water with 0, 3--;;r6Ppb (added) Cd for 30 d showed
no change in Cd concentration in hepatopancreas,
20.3-23.5 ppm wet wt, or in muscle tissue « O. 12 ppm
wet wt, detec tion limi t). An elevated Cd concen­
tration occurred in the gill tissue with exposure to
6 ppb Cd hut not to 3 ppb Cd (Thurberg et al. 1977)
(Table 3).

Lobsters exposed to 10 ppb Cd for 10 d showed
no change In Cd concentration in viscera (pre­
sumably, hepa topanc reas and gonad tissues) or muscle
tissue but G:l concentrations in gills and shell were
elevated (EIsler et a1. 1972) (Table 4). The
differences In concentratIon between control and
test animals yield CF's of 33 and 38 for shell and
gills, respectively.

Brown shrimp (Crangon crangon) exposed to I. 5
ppb Cd In water for 20 d showed no uptake of C.d, the
tissue concentration remaining constant at 0.55 ppm
Cd dry wt. Exposure to 2.5 ppb Cd resulted in a
higher concentration, 1.1 ppm Cd, in the tissues
(Dethlefsen 1977/78) (Table 5). The diFFerence
(I. 1-0.55) yields a CF of 220.

Crangon septemspinosa showed no accumulation of
Cd when exposed for 30 d to a trace amount « 0.01
ppb) of Cd (Ray et a1. 1980b).

Polychaete.s

Nereis virens exposed for 30 d to a trace
amoun~Ol ppb) of Cd showed an increase in Cd
concentration from 0.37 to 0.58 ppm Cd dry wt (Ray
et a1. 1980b).

Nereis diversicolor from two estuaries with
diFferentbackground levels of Cd in the sediment

Table 1. From Butterworth et al. (1974) - Fucus and molluscs from nature.

Cd in water Cd in tissues of various spec les (ppm dry wt)
ppb FUCHS CF Littorina CF Pate lla CF Thais CF----

5.8 220 38,a 550 95 I

3.8 200 53 ' 210 55 ' 220 58'
2.0 50 25' 140 70' 200 100' 425 212'
1.3 25 19 ' 30 23 ' 110 85' 330 254 '
1.0 20 20' 25 25' 50 50 ' 270 270'
I. 2 44 37' 40 33 ' 70 58 ' 120 100 '
0.5 30 60 ' 16 32 ' 30 60 I 65 130 '
0.3 IS 50' 15 50 ' 30 100' 62 207 '
O. I (open sea)

a38' 38,000, etc.
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Table 2. From Morris and Bale (1975) - Fucus from nature.

Annual average
Cd in water

ppb

1. 34
1. 07
0.75
0.59
0.59
0.27

Range of
Cd in water

0.91-2.02
0.65-1.50
0.45-1.28
0.29-1.20
0.22-1.77
0.15-0.38

Cone. Cd in
Fucus

ppm dry ,ot

19.5
15.8
19.2
9.3

11. 3
3.8

Average
CF

14.5,a

14.8'
25.6'
15.8'
19.2'
1/+.2 '

ii"500, etc.

Table 3. From Thurberg et a1. (1977) - lobsters (Jxposed to 0, 3
and 6 ppb Cd for 30 d.

Cd in water Cd in various tissues (ppm wet wt) CF
ppb Hepa topanc reas Gills Muscle Gi 11s

0 20.3 1.5 <0.12
3 22.5 1.8 <0.12 100
6 23.5 3.4 <0.12 465

Table 4. From Eisler et a1. (1972) - lobsters exposed to 10
ppb Cd for 10 d.

Control Test
Tissue Cd ppm 'vet wt Cd ppm wet wt CF

Whole lobster 0.5] 0.72 21
MUBcle 0.20 0.2') ')

She 11 O. ')9 O. SB 33
Gi I] 0.49 O.B7 3B
Viscera ].21 1.2J 0

Table '). From Dethlefsen (1977/78) - Brown shrimp (Crangon crangon).

Cd in \Vater
pph

static tests

5
10
20
50

100

Flow through tests

1.5
2. ')

Cd in shrimp Cd in shrimp
ppm dry wt CF ppm dry wt CF

00 d) (30 d) (40 d) (40 d)

3.8 760
I, 500
7.3 365
8.3 165 14.7 295

16.1 160 22.0 220

constant level at O. ')5 ppm during 30 d
1• I ppm i1 t 30 d - CF 22 0



were exposed to 1 ppb Cd in water for 38 d (Bryan
and Hummerstone 1973) (Tahle 6). Worms from the
Avon area, with the lower background level,
accumulated Cd to 208 ppm (CF about 208,000) and
those from Restronguet Creek accumulated 140 ppm Cd
dry wt (Cl' about 140,000). Cadmium was absorbed at a
slower rate by the worms from the area with the
higher background level of C,d.

Molluscs

~~~~.~~~~"in water with <0.5 ppb Cd showed
au level in tissues from 0.3
(control) to 10 ppm dry wt (CF of 20,000). 1110se
exposed to 4.6 ppb Cd showed an increase to 70 ppm
(CF of ]5,200) (Westernhagen et al. 1978).

Oysters (Crassostrea virginica) accumulated Cd
from .,ater with 0.1 (CF about 1,000,000) and 0.2 ppb
Cd (Cl' about 500,000) (Shuster and Pringle ]969)
(Table 7).

f. virginica from water with 0. I to 0.2 ppb Cd
had tissue level of 2.7 ppm Cd wet wt (] 1.8 ppm Cd
dry wt). Exposure to 5.0 ppb Cd for 40 wk resulted
in elevated Cd concentrations in the tissues, 13.6
ppm wet (105 ppm Cd dry, CF of 18,600) (Zaroogian
and Cheer] 976) (Table 8).
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Littorina and Patella accumulated Cd from water
with 1 ppb Cd, Thais from water with 0.5 ppb Cd.
For all three species it is possible that there was
accumulation from 0.3 ppb Cd (Butterworth et al.
1974) (Table I). The CF's from exposure to 0.3 ppb
Cd are about 50,000, 100,000 and 207,000 for
Littorina, and Thais, respectively.

Macoma controls had 0.24 ppm Cd dry wt; those
expos~a trace «0.01 ppb) amount of Cd for 30 d
had 0.6 ppm Cd (Ray et al. 1980h). Macoma exposed
for 15 d to sea water with 1 ppb Cd showed an
increase in CF from <190, initially, to about 370 at
end of exposure (NcLeese et al., unpubl.).

Calculated and extrapolated uptake rates for Cd

Some of the reviewed data were for organisms
taken in nature, presumably at long-term equi I ib­
rium, ,md uptake rates could not be calculated. For
the remai.ning data:, organisms had bet~n exposed to
water with 6 ppb Cd or less and uptake rates were
calculated (Table 9) according to the folloWing
formula:

Rate of uptake
Exposure time in h

Table 6. From Bryan and Hummerstone (1973) - Nereis diversicolor
from two areas exposed to Cd in 'vater for up to 8] 6 h (35 d).

Worms from Worms from
Cd in water Avon Rest. Creek

ppb ppm Cd dry wt CF ppm Cd dry wt CF

1.0 208 208,a 140 ]40'
2.5 471 i88' 225 90 '
]0 1860 186 ' 629 63'
25 1970 79' 1630 65 '

100 4010 40' 1300 13'

a20B' 208,000, etc.

Tahle 7. From Shuster aod Pringle (1969) - oysters exposed to Cd
for 16 and 20 wk.

Cd in water
ppb

Control
(J. I (16 wk)
0.2 (13 wk)

Cd in oysters
ppm wet wt

1• I 7 and 2. 6i,

122.5 and ]05.7
94. 5 and 125.8

CF

1,225,8and 1,060'
1,73' aod 629'

<1 1 ,225' ~ 1,225,000, etc.
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Table 8. From Zaroogian and Cheer (1976) - oysters exposed
to 0.1-0.2 (controls) and 0.5 Cd for 40 wk.

Cd in wa ter
ppb wt wet

0.1-0.2
5.0

2,200, etc.

2.72
13.57

11.83
104.95

Table 9. Calculated uptake rates of cadmium (Cd) for marine invertebrates
exposed to Cd in 'vater at concentrations of 6 ppb or less.

An imal RE:~ Ference

Exposure
time cone $

(d) (ppb)

Calculated
uptake rate

(ppb/h)

--------------------------------------

Polychae tes
Nereis vireos Ray et aL (l980b) 30 trace 0,3 (dry)

Homarus americanus

Holluscs

Ray et a1. (l980b) 30
Dethlefsen (1977/78) 30

30
Thurberg et a1. (1977 )30

3D

trace
1.5
2.5
'3
6

No upta ke detec ted
No uptake detec ted

0.76 (dry)
0.4 (gill, wet)
2.6 (gill, wet)

Ray et a1. (1980b) 30
Westernhagen (1978) 16'3-300

Crassostrea virginic~ Za roog tan and
Cheer (1 (76)

287

trace
O. 'j

4. 'j
'j.O

O. 'j (dry)
1. 3- 2.5 (dry)
9.7-17.8 (dry)

13.5 (dry)
1. 6 (we t )

-------------------------

where CdA

Cd AC

concent i.on

concentratton

in animals after exposure

in control animals

agreement except for oysters, where the calculated
rate Ls 6 times greater than the extrapolated rate.

Data for animals exposed to water with higher
concentrations of Cd (10 ppb or more) were no
discussed previously. From these additional data,
uptake ratc~s were calculClted as above and the rates
were plotted against exposure concentration 011 log
log paper. 'n", line n'presenting the relationship
bet\veen uptdke rate and exposure concentration was
extrapolated to provide estimates of uptake rates
for <,xposures to O. ',-2.0 ppb Cd Cfable 10).

Uptake rates, where given in the literature,
remained constant throughout the exposure periods;
consequently, for calculating the rates (above),
constant rates \"ere assumed, Klockner (1979)
reported an exception, Polychaete worms were
exposed to 10-1000 ppb Cd for 64 d and the
concentration of Cd in those exposed to 1000 ppb Cd
(I 70S ppm Cd dry wt) was approaching an asymptote at
6/, d. If so, the rate of uptake would not be
constant, at least during the latter part of the
expusurc. v

Ceneral1y the uptake rates, whel:her calculated
or l"xtr<lpolated, ,qre low when animals ;lre exposed to
0,5 ppb Cd or less. ComparIson of the> rates
obtained by the twu methods Is possihle for some of
the data (TabI(' 11). 'I1n' datil show rt'asonilhlv clos('

For 0.5 ppb Cd exposure, the polychaete
.QJ:~J'.l~:.£'~~ has an uptake rate about 18 tLmes
greater tha t for Nereis (Table 10). The
extrapolated rates for--;;ysters and mussels are equal
ane! 16 Urnes greater than the rates for quahogs, and
40 times greater than the rate for surf clams. The
data for shrimp indicate no Cd uptake from water
with trace to 1.5 ppb Cd, so the extrapolated rate
from water with 0.5 pph Cd may not applv.

TIle concentrations of CAi accumulated in I yr
from water with 0.5 ppb Cd have heen calculated for

shrimp and mussels (Tahle 12), using calcu-
and extrapolated uptake rates. This provides

a rough idea of the magnitude of the effects to be
expected from long exposure to low concentrations of
Cd where uptake rates are low.

B. EXCRETION OF CADMIU~l

DUl17Ill.::lry

From the oatn. For crustaceans, polychaete worms
and mo] Luscs, there is 1ittle evidence to ind leate'
that l'xcretion of Cd. occurs .. Hhpre there is an
indicatIon, the process of excretlon Is slovi. For
fish, thl'H' Is evidence of Cel excretion If Cd is
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Table 10. Extrapolated uptake rates of cadmium (Cd) at 0.5 to 2.0 ppb Cd for animals
exposed to Cd at high concentrations.

Exposure Extrapolated uptake rates at
time cone. 0.5 ppb, 1.0 ppb clod 2.0 1'1'0 Cd

Animal Reference (d) (ppb) ( rate in ppo/h)

Polyc haetes
Nereis virens Ray et a1. (I980a)-------

1-2 g 14 30-8200 0.5 1.0 1.8 (dry)
5-7 g 14 30-86GO 0.3 0.6 1.0 (dry)

Klockner (I 976) 64 10-1000 9.0 13.0 19.0 (dry)

Crustaceans3

Crangon crangon Dethlefsen (1977/78)20 5-20
30-1,0 IO-JOO 0.7 1. 1 1.8 (dry)

Pandalus montagui Ray et al. ( 1980c) 14 37-40

t<tol1 usc s

My tHus edulis Phillips (I 976) 3r, j()-40 0.2 0.4 0.7 (we t)
Quahog Creig ( 1979) 1,3 [0-20 0.012 0.022 0.040 (wet 1)
Surf clam 43 lO-20 0.005 0.012 0.030 (wet?)
Oyster 43 10-20 0 .. 2 0.4 0.9 (wet?)

aData for crustaceans (shrimp) show a reasonable fit by a single line.

Table 11. Comparison of rates of uptake of cadmium (Cd) ob ta ined by
calculation and by extrapolation.

An imaJ.

Calculation
exposure uptake rate

ppb Cd ppb/h

Extrapolation
exposure uptake rate

ppb Cd ppb/h
Ratio

C/E

Nereis
Shrimp
Mussels

trace
2.5
G.5

0.5

0.3
0.76
L 3-2.5

I. 2 (wet)
15.3 (dry)

0.5 0.3-0.5 I
2.0 1.8 0.4
0.5 0.2 (wet) 0.5-0.96

2.6 (dry)
0.5 0.2 (wet) 6

2.6 (dry) 5.9

administer'ed in the diet, but not if administered in
the water ..

Crustaceans

In Crangon crangon, there was no loss in Cd
during 12 d depuration from animals previously
exposed to .5 and 10 ppb Cd in water (whole body
concentrations of 2.25 and 2.60 ppm Cd dry wt
respec tively). For those exposed to 20 ppo Cd,
there was a loss in Cd (from 5.5-4.3 ppm Cd) during
the first 3 c1 of depuration (Dethelefsen 1977/78).

HIlle crahs (Callinectes sapic1us) exposed to 10
ppm Cd for 8 d showed no loss of Cd from carapace,
gills or hepatopancreas during 96 h post-exposure
(Hutcheson 1974).

Green crabs (Carcinlls maenas) exposed to 20 ppb
Cd in water for 37 d showed losses in Cd from shell,
g iUs, he pa topanc reas and whole body during 11 d
depuration. About one half the Cd ,,,as lost in 11 d,

the losses from exoskeleton and gills being most
important (Wright 1977) (Table 13).

For Pandalus montagui exposed to 37 ppb Cd
followed by 57 d in uncontaminated water, the Cd
content of tail muscle, carcass, eggs and whole
animal may have decreased slightly but there was a
continual increase in Cd levels in the hepato­
pancreas (Ray et aL 1980c).

Polychaetes

Several groups of small and large Nereis virens
w:l th concentrations of Cd frolll 4-21 ppm dry wt--­
showed Little or no excretion of Cd during periods
up to 75 d (Ray et al. 1980a). [Jeda et al. (1976)
reported similar results for polychaetes during 19 d
depuration.
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T"bl" 12. estimates of cadmium (Cd) accumulated in 1 yr from exposure to
cadmium in seawatt~r at 0 .. 5 ppb"

Animal
Ra te of uptake

ppb/h

Concentrat ion of Cd
accumulated in I yr

ppm dry wt

Nereis
Shrimp
Mussel

0.3-0.5
0.7
1.3-2.5
2.6

(Tables 9,10)
(Table 10)
(Table 9)
(Table 10)

2.6-4.4
6. I

11-22
23

Table 13. Data on excretion of cadmium (Cd).

From Wright (1977) - Shore crah exposed to 20 ppb
Cd for 37 d - excretion during II d.

Days for
excretion body

o
7

II

./f55

.388

.206

.266

.090

.132

.261

.168

.219

.170

.147

.087

(Losses from shell and gi Us important)

Mc)l. Lu,'{cS

Average excretion rate
(as umole/kg/h) -i -0.75 -0.16

Fish

-0.35

Oyst"rs exposed to
1 'i ppb Cd in by a 16-wk
c!pj)ilrilt-ion period. Cc.lfimium conc(~ntration in the

te id not change fill ng this excretion p(:ricHl
(r:aroogian 1979).

Burrowing trans-
ferred bet.ween two c:s not at
equality of Cd concentration betwee" the transferred
and nature animals even after 1 yr (Bryan and
llummc'rstone 1978).

Marjori and Petronio (1973) provided data for
uptake ,md excretion of Cd by mussels

llw mussels were to 50
in water 4 or 8 d. For excnetion, the

mussels \\lpre mai.ntai.ned i.n clean water for 5 or 27 d
afler exposure .. 1lll' results are summarized in Table
14. The excretLon rates (2.6-11 pph/h) are 9-33% of
the uptake rates (27.7-33.7 pph/h).

exposed Lo I ppb Cd in wa t cr fa r 15 d
19ht decrease in Cd cOllcentration during

the Lni t ic.11 depuration phase wi tIl no further
indication of depuration. The CF at Lhe end of 21-d
ell'purat ion was about 12 I') compa red \vttlJ t.he prt'vious
maximum uf 370 (HcLecs(' cL ;,1., unpubl.).

Rainbow trout were exposed La Cd in water and
to Cd in the I'ood supply. lhe cOl1centrat iOI1 of (~i in
the fish declined during 10 \.lk post-pxposures
(dilution Lhrougb growth). However, the total Cd
lOAd (ug Cd/fish) remained unchanged during 10 wk
posL-exposure for Lhe fish exposed to Cd in water.
On the other hand, for fish exposed to Cd in food,
the Cd load decreAsed markedly during 4 wk post-
exposure when fed non-contaminated food" The
authors concluded that the route of uptake of CAi,
from water or from food, may influence the retention
a r lac k of exc ret ion of Cd (Kumada et al. 1980).
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Table 14. Uptake and excretion data for cadmium (Cd) and mussels (from
Majori and Petronio 1973).

Exposure Upta ke Final Excreti.on Excretion Final Tota 1
time rate cone .. time rate cone ~ loss
(d) ppb/h ppm (wet) (d) ppblh ppm (wet) ppm (wet)

-~~.~~.

Control 0.2
8 21.6 4.144

8 18.2 3.504
I, 33.7 3.240 5 -II 1.920 (-1. 320)
I. 32.5 3.224 5 - 4.2 2.720 ( -0. 505)
I. 27.7 2.660 27 2.6 0.959 (-1. 70 I)
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INTRODUCTION

Following an initial assessment of information
documenting ecological studies carried out by the
Noranda Research Centre on behalf of Brunswick
Mining and Smelting Corporation Limited on Belledune
Harbour, N.B. (Environmental Protection Service,
confidential communication), the Department of
Fisheries and Oceans immediately initiated investi­
gations to determine the magnitude and geographical
extent of cadmium (Cd) contamination in lobsters
from the Belledune Harbour area.

The information received from Noranda's studies
indicated that between 1977 and 1979 Cd levels in
muscle tissue (claws and tail) from lobsters
captured within Belledune Harbour during the summer
had risen substantially. Noranda supplied infor­
mation from a 1980 sample taken in early April which
indicated that Cd levels in muscle tissue were lower
than in 1979 but still were significantly elevated
over pre-1977 levels. It was recognized that the
observed changes could reflect a shift induced by
sampling period changes rather than an absolute
decrease. Noranda agreed to supply the Department
with the hepatopancreas from the 1980 sampling to
allow a more comprehensive 1979/1980 comparison in
levels to be made. Following analyses of this
material, it was judged that no significant decrease
in levels of Cd had occurred. The Department of
Fisheries and Oceans therefore proceeded to carry
out a detailed survey of Cd levels in lobsters from
the area.

MATERIALS AND METHODS

Lobster capture sites are shown in Fig. 1 and
2. Animals were captured by conventional trapping
methods and transported live to the laboratory
(Shediac, N. B., or Halifax, N. S.), individually
bagged in polyethylene. Following determination of
sex, total weight and carapace length, the hepato­
pancreas was removed and weighed. The tail muscle
was also removed from the shell. These tissues and
both claws were bagged separately in polyethylene
and deep-frozen. Prior to analytical sampling, the
hepatopancreas was homogenized by hand-kneading.

LOBE 1/2
'flO
55'

OBOD BREAKWATER LOBE

HARBOUR
WHARF EAST

BEllEDUNE PI

BELLE DUNE HARBOUR

47"
54'

64"50'

Fig. 1. Lobster sample sites within and around
Belledune Harbour.
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BAlE

Fig. 2. Lobster sample sites surrounding Belledune
Harbour.

Tail muscle samples were obtained by dissecting an
appropriately sized cube from the dorsal mid-section
of the right lobe. Claw samples were obtained from
the dorsal mid-section of the large muscle of the
claw. Care was taken to avoid thawing of muscles
during dissection to avoid drip. Hepatopancreas
samples (1.0-2.0 g) were digested in 50 mL Folin-Wu
tubes with 5 mL conc. HN03 (BDH boiling chips)
while muscle samples (1.0-1.5 g) were similarly
digested with 1.5 mL conc. H2S04 and 2.5 mL HN03'
Initially the tubes were heated gently until
frothing had ceased and then more vigorously for
approximately 30 min. After cooling, each digest was
made up to 25 mL in the calibrated Folin-Wu tube.
Digests of hepatopancreas were assayed for Cd by
flame atomic absorption spectrophotometry, taking
care to ensure that the aspirator tube did not
contact the coagulated fat at the surface of the
digest. Flame atomic absorption conditions were:
wavelength 228.3 mn, slit width 1 mm with an air/
acetylene flame utilizing a deuterium arc backround
correc tor. External standard curves were checked by
the method of standard additions. In muscle
analysis, where the level of Cd was below the limits
of detection of flame atomic absorption, a graphite
furnace (Perkin-Elmer HGA2l00) system was utilized
(drying 100°C/30 sec, ashing 350°C/40 sec, and
atomization 1700°C/6 sec). In both cases a Perkin­
Elmer model 403 atomic absorption spectrophotometer
was used. Recoveries of added Cd by these methods
averaged 99.4 ± 3.05%. The laboratory has partici­
pated in the intercalibration exercises coordinated
by the International Council for the Exploration of
the Sea during the past number of years.

Arithmetic and geometric mean Cd levels were
calculated for each sample. Relative standard
deviations were calculated from the log-transformed
data.



RES ULTS AND DISCUSS ION

In the 1979 study of lobsters captured during
the summer from within Ilelledune Harbour and
analyzed by Noranda Research the arithmetic
(standard deviation) and geometric mean (relative
standard deviation) levels of Cd in hepatopancreas
were 88.34 (84.3) and C,6.87 (28%) ~g/g wet weight
(28 animals). Arithmetic and geometric mean levels
of Cd in hepatopancreas from lobsters captured by
Noranda Research in mid-April 1980, as in
our laboratory, were 151.2 (141.7) and 91.2
~g/g wet weight (58 animals), respectively.
Re sampl ing of the harbour was carried out by the
Department of Fisheries and Oceans at the end of
April 1980, and arithmetic and geometrIc means of
150.7 (104.5) and 105.9 (19.4%) (55 animals),
respectively, were obtained. This suggests that
levels of Cd in lobster hepatopancreas from
Be lledune Harbour had inc reased between the summer
of 1979 and the spring of 1980. No significant
di.fference in total weight mean exists between the
two 1980 samples (arIthmetic mean weights of 453 ±
235.2 g for the mid-April sample and 456 ± 239 g for
the late April sample) hut the 1979 mean weIght of
5B8 ± 253 g was somewha t larger than the 19BO means.
The 1 lnear relationship between total weight imd Cd
level In the hepatopancreas, while not al\"ays
si.gni.ficant (see below), was always positive so the
difference in Cd levels between 1979 and 1980 Is
probahly greater st 11 than that calculated without
taking the effec t of weIght of the animals into
account ..

The late AprIL lobster sample was taken from
two areas: one along the harbour side of the
conveyor causeway, designated hereafter as Harbour
\Vest; the second along the harbour side of the'
breakwater outwards from the loading dock, desig·­
nated hereafter as Harbour F:ast (Fig. 1, Table 1).
Table 2 shows the distribution of Cd levels in
hepBtopancfc<ls from ]ohSl:efS captured at Harbour
\Vest ;H1d Hilr\)our Eilst. cl11P d istribut ions are
skewed ~ showing that ;-1. geometric me<1n calculated
fcum log-transfofl1lt)d delt:'! 18 a better est tmatp than
the corresponding arithmetic means .. The geometric
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mean fur Hilrhour \Vest is l75.B ~g Cd/g wet weight
with a relative standard deviation of 11.7%. The
geometric mean of the Harbour East samples is 62.3
~g Cdlg wet weIght with a relatlve standard devIa­
tIon of 21%, a mean significantly different (t =
5.17, P < .01) from the ill rbour \Vest meall. 111e
data for Harbour \Vest and Harbour East suggest that
there are two distinct populations charac terized by
a minor degree of interpopulation migration.

Two samples were taken from the seaward side of
the breakwater at Belledune Harbour. These samples
had geometric means of 24.1 ~g Cd/g wet weight
(24.0%) for the site opposite the dock (OBOD) and
24.1 ~g Cd/g wet weight (23.7%) for the site on the
seaward s.ide of the distal end of the breakwater
(LOBE). This suggests that lobsters dwell ing on the
sea\"ard side of the breakwater are a sIngle popu­
lation as far as Cd is concerned and that few highly
contaminated animals from within the harbour migrate
to the seaward side of the breakwater (both sites
had a combIned total of 44 animals, one of which had
a hepaUJpancreas concentration of r..d of 209 ~g/g;

the next highest level observed was 68. 3 ~g/ g). One
sample of only sIx animals was obtained from
approximately 1 km seaward from the mouth of
Belledune Harbour. One of these animals had a (}!

level in its hC'patopancreas of 399 ~g Cd/g whi Ie the
six hnd a 8"ometric mean of 23.1 (49.7%). 11,e wide
variatIon was caused by the presence of thi s one
animal",

Levels of Cd in hepatopancreas from lobsters
captured at greater distances from Belledune Harbour
are shown in Table 3. Cd levels decrease in hoth
east and west directIons from Belledune harbour.
11,e decrease is greater over the same dIstance
towards the west than towards the east. The major
current floVJ along this coast is from west to east
(Sewers and Loring, this report), sugg('sting that a
focus of Cd contamination exists within Belledune
Harbour imd that lobsters wi.th large body bucrlens of
Cd (lre somehow prevented from mov ing west ward <>

Thi.s ('tIn he best ilLustrated b:--' use of fre­
quencies fo[- single sites from within and externa"l
to Belledune Harbour (Table 2). 111e data for

Table 1. Cadmi.um (Cd) levels (llg/g wet weight) in lobster hepatopancreas from
the area of Belledun,' Harbour.

Sample si te
Geometric

mean

Relative
standard
devi.<l tion

(% ) Range
Ar i thmetic
mean (SD) N

------------------------

Harbour Hest 175.8

Harhour East 62.3

Outside hachour,
opposite dock (OBOD) 24.1

Outside harbour at
end of breakwater (LOBE) 24.1

0.8 km off end of
breakwater (LOllED 23.1

if .7 47.6-372 203.7 (96. 'i) 29

21.2 U.7-263 88.8 (78.9) 21'\

24.0 1,.70-68.3 30.4 ([ 9.9) lC,

23.7 4.65-209 32.8 (36.8) 30

1,9.0 5.97-399 80.3([ 56.6) 6

_.,.-_._-~._-----
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Table 2. Frequency of cadmium (Cd) level s in hepatopancreas of lobsters
from nine areas (Fig. I, 2) •

Cadmium
concentration Harbour Harbour Point

~g/g wet I'leight West East P.E. I. LIW LOBE LIE L3E L4E L5E

0-10 5 15 3 3 I 2
10-20 3 14 II 7 11 8 4 8
20-30 I 4 3 10 7 10 8 5
30-40 8 2 I 2 3 6 7 1
1,0-50 2 3 5 3 I 3
50-100 2 4 2 6 I 2

100-150 6 2 I
150-200 3 3
200-250 7 3
250-300 5 I
300-350 3
350-400 1

29 28 26 31 30 31 30 25 17

Table 3. Cadmium (Cd) levels (~g/g wet weIght) in lobster hepatopancreas from
areas around Be11edune Harbour.

Relative
standard

Geometric deviation Arithmet ic
Sample site mean (%) llange mean (SO) N

Heron Is land, N.B. 3.85 22.0 2.19-8.26 4.03 (10 31) 30

1.6 km west 8 (L1I>1) 11. 8 28.5 4.13-119 16.3(20.0) 29

Bel1edune Harbour (Chapel Point) - Zero point

1.6 km east (LIE) 28.9 18.2 10.2-110 34.9(23.7) 31

4.8 km east (L3E) 22.8 24.5 1,.55-246 32.5(43.5) 30

6.1, km east (L4E) 28.0 12.5 7.13-53.9 30.15(10.8) 26

9.6 km east (UiE) 17.3 22.2 6.1-50.9 20.5 (9.6) 19

Petit Roc her, N.B. 11. 6 12.3 6.26-22.1 21.2 (3.9) 31

Nigadoo, N.B. 12.1 21.1 5.00-77.3 14.4(12.6) 33

Stoneha ven, N.B. 7.2 20.9 3.90-16.2 7.8 (3. 3) 35

Beach Point,
P.LI. (1973 ) 17.2 1.7 • 7 6.07-52.0 19.4(10.3) 26

aHighway distances (on highway opposite Chapel Point) were: LIE - 3.1 !em;
L3E - 5.6 km; L4E - 7.8 km; L6" - 10.0 km; Petit Rocher - 17.4 km, and
Nigadoo - 21.0 km.



lobsters from Beach Point, P.E.I. are included for
comparative purposes. This area, which has no known
anthropogenic inputs of Cd, had the highest levels
of Cd of any of the areas sampled within eastern
Canada (Uthe and Freeman, this report).

The Harbour West site is characterized by a
large numher of highly contaminated lohsters, i
25 of the 29 (86%) individuals had hepatopancreas
levels of greater than 100 ~g and none of the
animals had a level helow 40 g In the
Harbour East sample, highly contaminated animals
were still present but at a substantially decreased
frequency, i.e. only 9 0 27 (33%) individuals had
hepatopancreas Cd levels greater than 100 ~g/g while
IS (55%) of animals had hepatopancreas Cd levels
less than 50 ~g Cd/g.

The frequency 0 highly contaminated lobsters
fell sharply within the samples obtained outside of
Belledune Harbour. Considering the LIW, LOBE,
LIE, L3E, L4E and L6E sites as a group, only 4 (2%)
out of 164 animals had a Cd level greater than 100

while 148 (90%) had levels of less than 50 ~g

Cd These data suggest that an acute Cd contami-
nation situation exists within Belledune Harbour and
a more CllrC)llic one in areas surrounding the hurbour~

Animals within the western part of Belledune
Harbour are grossly contaminated (86% >100 ~g Cd/g)
but the frequency decreases with increasing distance
from this site. All the geometric means of the
Petit Rocller, Nigadoo and Stonehaven samples were
below that found in the sample from Beach Point
(Table ')) and may be considered as background or
normal levels. However, these levels should be
compared with (1) the geometric mean of 3.85 ~g Cd/g
in the Heron Island sample, and (2) the geometric
mean of 4.'30 pg/g in a sample from Petit Rocher
obta in 1973 (lithe and Freeman, this report).
These values may be a more realistic evaluation of
the levels to he expected within this area had no
major anthropogenic sources of Cd been present.
TIlis suggests that a generalized area of Cd
pollution in lobster ts bet'"een at least the Ll\~

i te and d010m ream heycH1d Stonebaven. It
inlpossible to deterlnine 110W mU\']l of tl1is contHmi­
nation originates from Be ledtHIC Harhour a.nd how
muc:h from other sources such the city of J'klthurst
arId various river in th llighly mineralized area.
Although the geon~tric mean of the Nigadoo sample is
larger t11311 tile corresponding mean of the Petit
l.zoche.r sample, a "t test" of the two samples using
only canner--sized -;;-nimals (63-80 mm carapace length)
showed that there was no significant difference
between the tvlO means~

The distribution ol Lobsters with high body
burdens of Cd with respect to the Harbour West site
.is approXimtltPly wh,Jt ha been observed in tag­
recapture studies of healthy lobsters. The nmjority
of recaptures are norlnally made in the immediate
vic'inity of the relc'ase site, and in the area
adjacent to the release site, and the others are
recaptured with decreasing frequency as distaJlce
from the release site increases. Movement is
uSllally ralldom in direction and the apparent east­
ward directivity observed here is explained by two
factors: tile orientation of the harbour, and a
gypsum--effluent bed seaward of the breakwater. Both
factors would act to n'strict movement to the west.
It is recognized that the 1980 mean for Petit Rocher
is elevated siguificantly over that documented in
197'). It may he suggested, based on the above, that
a major single point-source of Cd poi lution exists
at Harbour West, some of which has been transrorted
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dO\vflstream where it has been incorporated into the
lobsters' food weh (e.g. mussels) and accounts for
the elevation over the 1973-1980 period. The
individuals containing hi gh levels of Cd in their
hepatopancreas probably reflect movement of animals
from Harbour West following incorporation of Cd into
their bodies.

In a few of the sampl. Lngs a large enough size
range was obtained to justify investigating the
relationship between the animal weight and Cd level
in the hepatopancreas. The results are shown in
Table 4. A relatively small hut significant
positive relationshIp between total animal weight
and Cd level in the hepatopancreas was found for the
Harbour and L6E sample sites (coefficients of
determination of 0.24 and 0.33 respectively) but
such a relationship Is not precise enough to hav,'
any meaningful predictIve value for calculation of
the Cd level in hepatopancreas from total weight of
animals. The very low coefficients of determination
found with the Harbour East and Heron Island (New
Mills) sampling probably reflect mixing of animals
from within and external to the harbour in the first
case and the narrow weight range present in the
second instance.

Time has allowed only limited studies on Cd
levels in lobster muscle tissue. The results of
this study are shown in Table 5. It is obvious that
the hepatopancreas i.s a major Cel storage site since
mean levels of Cd i,n hepatopancreas corres--
ponding muscle means by from 96 to 2560 times.
Levels of Cd in tail muscle are considerably lower
(3-10x) than correspond i.ng crusher claw musc le
levels. TI,e relationships between Cd levels in the
three tissues analyzed are also shown (Table 6) and
again, whi Ie some significant 1 inear relationshi ps
were found between tissue pairs, only in the case of
the LIE tail and crusher claw CA:l levels is the
relationship ti.ght enough to be used in a predictive
manner. U,e lack of such a tight agreement in the
L4E and L6E samples is probably due to the very low
h'vel of Cd in il muscl from these sites ill which
caSt' Che analytical varia.nce 'be\..'omes <1, signi f iL'ant
('ont: ibutor to variancE:' within the syst

Tl1ere was no signi icant differenl"e hetween the
geolnetric means for male and female lohsters from
five sites (Table 7). TI,e wide range in Cd levels,
the smaller, non-normalized weigllt and length
ranges, would mask small sexual-related differences
but such small differences would have litt Ie ,if
any, importance to the geographical investigations
carried out in this study.

It obviollS from these suIts that serious
problem exists with CA:l in lobsters from the area of
Belledune Harbour. The economic, problems posed by
closllres al1d controls necessitated by tile preSe!lCe
of CAl in human foodstuffs from the area are obvious
but in addItion to this is the more subtle but
potentially more serious possibility of long-term
e\..'010gic31 Qffects in the regi.on~ TIlls drtL:l.e has
only discussed Cd levels in lobster. 'n,e artie-Ie by
Ray et a1. (this report) discusses Cd level s in
bIota but \ve have little or no information on the
effects of Cd on the \vell-being of the ecosystem of
the Belledune Harbour area in general or of lobsters
in particular. Obviously, continLled monitoring and
studies related to human foodstuff safety considera­
tions will have to continue. Assessment of the
ecological impact upon the area should receive
eqllivalent sllpport.
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Table 4. Hepatopancreas cadmium (Cd) levels/total weight relationships in Be11edune
area lobsters.

Carapace Geometric
length mean Regression equation

Sample site (mm) N (~g Cd/g wet wt) (coe ff ic ien t of determination)

Harbour West >80 20 223.1
63-80 7 100.6 (Cd) 90.47 + 0.21 (total wt) (0.24)a

<63 2 114.5

Ha rbour East >80 8 85.8
63-80 15 56.3 (Cd) 60.97 + 0.07 (to ta 1 wt) (0.04)C

<63 3 54.4

L6E >80 2 36.69
63-80 9 16.53 (Cd) 4.87 + 0.056 (total wt) (0.33)b

<63 2 14.95

Ne'" Mills >80 2 5.66
63-80 28 3.75 (Cd) 2.82 + 0.0035 (to ta 1 wt) (0.02)C

<63 0

aSignificant at p < 0.01
bSignificant at 0.01 < P < 0.05
CNot significant; p > 0.05

Table 5. Comparison of cadmium (Cd) levels (geometric means) in hepatopancreas,
tail muscle, and crusher claw muscle (re1ati.ve standard deviation) in lobsters
from the He11edune area.

Crusher claw
Hepatopancreas Tail muscle muscle
(~g Cd/g wet wt) (~g Cd/g wet wt) (~g Cd/g wet wt)

Sample site N (%) (%) (%)

LJS 10 2/+.7 (16 ) 0.02 (14 ) 0.26 (11 )

L4[,; i2 28.2 (7) 0.01 ( lJ) 0.04 ( I 0)

L6S 12 20.8 (17) 0.01 (20) 0.04 (14 )
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Table 6. Relationships between cadmium (Cd) content (~g Cd/g wet wt) of
hepatopancreas (]1g Cd/kg 'vet wt), tail muscle, and c1a,v muscle for lobsters
from three sample sites.

Sample si te

LlE

L4E

L6E

(Cd) crusher
(Cd) taU

(Cd) crusher
(Cd) tail

(Cd) crusher
(Cd) taU

Regression equation

3.645 + 0.069 (Cd) tail
12.38 + 0.36 (Cd) hepatopancreas

14.62 + 1.99 (Cd) taU
6.03 + 0.19 (Cd) hepatopancreas

15.41 + 2.61 (Cd) tail
4.16 + 0.31 (Cd) hepatopancreas

Coeffi.c ient
of determination

0.94 a

0.41b

0.29c

O.22 c

O.54a

0.44 b

aSignificant at p < 0.01
bSignificant at 0.05 > P " iI.Ol
CNot significant; p > 0.05

Table 7. Cadmium (Cd) levels (]1g/g wet weight) in male and female lobster
hepatopancreas; number sampled in parentheses.

Male Female Statistical
Samp Ie site Geomet ric Geomet r ic significance

mean (N) mean (N)

Heron Island 3.66 (14 ) 4.10 (16 ) NS a

Ha rbour West 170. ] (21) ] 91. 8 (8 ) NS

Hil rbour East 58.79 (18) 69.93 (9) NS

LIE 27.05 (16) 2() .. Sf} (15 ) NS

Pe tit Roc he r 12.23 (15) 11.08 (] 6) NS

a p > .10
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INTRODUCTION

This study was initiated in 1973 when the
Inspection Service of the Canadian Department of
Environment became concerned about the levels of
cadmium (Cd) in commercialLy canned lobster paste.
Lobster paste is a popular food product prepared, in
large part, from lobster hepatopancreas. Therefore,
a study of Cd Levels in thl' hepatopancreas of
lobsters from different areas of eastern Canada was
carried out.

~lATERIALS AND HETHODS

Thirteen live lobsters of each sex weighing
between 400 and 700 g ,,Jere obtained from each site
by fi.eld personnel of the Department of Environment.
Each sample area \vas not over 15 km in diameter and
each sample was purchased during a single day of
fishing.

Before sampling the lobsters, the sex, carapace
length, and total weight were recorded. TI,e hepato­
pancreas was removed intact, placed in a polyethy­
lene bag, and frozen for transportation to our
laboratory. TI,erl', each hepatopancreas was weighed,
thawed, and thoroughly mixed by kneading within the
bag. The Cd concentrations were determined in
duplicate acid digests (5 mL H2S04/HN03i 4: 1, v/v)
of 0.2-0.5 g portions by atomic absorption spectro­
photometry (Perkin-Elmer Hodel 403 fitted with
deuterium arc background correction). Either a
flame or graphite furnace was employed as well as
the method of standard additions as required.

The geometric mean concentration of Cd was
calculated for each site since probit analysis
indicated that the log-transformed concentrations
were more normally distributed than the non-
transformed data. Relative standard deviation of
each geometric mean was also calculated&

RESULTS AND DISCUSSION

The atomic absorpt ion method used in this study
for determinj.ng Cd was previollsly validated hy llsing
3 common st,]ndard atomic absorption method whc're
chelated (A1'DC) Cd was extracted into an organic
solvent (HI8K) followed hy atomic absorption spec­
trophotometry .. \,vhetl our laboratory participated in
the International Council for Exploration of the
Sea 1 .Lntercalibration studies, our results for Cd
fell in the mid-range of the values submitted by the
other participants (Topping and Holden 1978).

The resul ts are shown in Table I. Ii,e geo­
metric me'lils vary from a low of 2.82 wg of Cd/g (wet
wl) of hepatopancreds for lohstPfs from Comfort r,ove
to a high of 17.22 )lg/g (wet wt) for those from
Bf';1C!t Point .. The nritlllllvtic Ole;}n of ;Ill g(,ollll'tr!.c

means W<l s 8.92 ± .3, I, 7 ~l g Cel I g (we t WI).

111 spi toe of the log lrnnsforlllHtioll t1l" tht, daLl,

the l;lCivc' ~t,lndard dl'vi;ltions or (',1ell gpumt'tric
range were gc.'nerillly in the 20-35% [;·lllgt', demon­
strating thai: a wide r<lnge of Cd levels exists
\vithin the population of each sample area" Some of
the variance in the results can be explained by the
d Lfferencesin the sizes (total weights) of the
animals obtained at each site. TI,e samples taken at
Caraquet, Neguac, and Petit Rocher had a signifi-
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cantly lower average weigbt than the other samples.
The effect of weight on Cd is small, as judged from
the following observations: TIle selection of the
larger animals from PetIt Rocher (mean weight ';16 ±
40 g) and Shippeg,m (mean weight 503.2 ± 37.2) gave
geometric means of Cd for hepatopancreas of 5.13 and
4.37 )l gig (\vet wt) respectively, compared with the
means of 4.30 and 3. 79 ~ gl g (wet wt) t'E'spec ti vely
for the complete samples.

The n,urolV range of sample weights from each
site makes it impossible to assess accurately the
relationship bet\Veen Cd levels in hepatopancreas and
total weights. Pie therefore sampled as wiele a total
weight range (market size) of lobsters as possible
(N=41) in one area (Lismore). TIle relationshl p
bet\veen the total weight In grams and the hepatop­
ancreas's Cd level in )lg/g (wet wt) was (Cd HP) =
3.233 + G.Ol3 (total vJt, g) with a coefficient of
determinatIon of 0.301 where (Cd HI') Wg Cd/g (wet
wt) hepatopancreas. The log transformation of the
Cd values gave log10 (CAi HI') = 0.763 + 0.000381
(total wt) with a coefficient of determiuation of
G.346.

In a similar manner the relationship between
carapace lengths and Cd level in hepatopancreels from
the' Lismore sample \Vas calculated to be log (Cd HI')
= 0.247 + 0.084 (carapace length, em). The
coeffic ient of determination \Vas a.314. TI10 total
weight and length ranges used in the Lismore study
were 425-1731 g and 7.7-13.6 em respectively.

Some caution should still be used in inter­
preting differences in levels among the varIous
areas sampled (Table 1) since mean weIghts of
sampled lobsters differ.

It is of interest to consider temporal changes
in Cd levels in hepatopancreas. Five areas were
sampled 1 yr later (Table 2). In this case, anImals
were selected from within the same weight range.
The geometric means of the Cd levels at Beach Point
and Neat Cove were signl ficantly different from
those found elt the same sites the previous yeelr (p
< a.ol and p < 0.05 respectively). We believe that
the difference at Neat Cove could be caused by the
last sample being caught at somewhat different
locations but in the same general areas. TI,e marked
difference in means for the Beach Point samples is
probably a result of sampling completely different
sites In the 2 yr. Support for this hypothesis is
apparent in the JJelledune study where slgnl fi,ant
changes in Cd levels in lobster hepatopancreas
occurred over distances less than 15 km. TI,ese five
resampled areas are not in the vicinity of intensive
human habitation or industrial activity and It Is
unlikely that the changes observed in two of them
were due to changes in CAi loading of the environ­
ment. The distances bet\Veen the designated <;i tes on
the north side of Prince Edward Island were not
large; therefore, changes in cllmate between the 2
yr is an unlikely cause of the di.ffer-Plll'£? oot;lincd
in tlw n('-,'lch Point I1lP;lnS for, if this were true, the
OCIH'I- <In',IS wOllld ;11 so he :lffected ..

RE FI':R j':NCj':S

Topping, C" and iI. V. Holden. 1978. Repon on
intercalibration analysis in ICES North Sea and
North Atlantic baseline studies. ICES
Cooperative Res. Rep. No. 80, International
Council for the Exploration of the Sea,
Copenhagen, Denmark, 52 p.
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Table 1. Cadmium (Cd) In hepatopancreas of AmerIcan lobster (Homarus
amerIcanus) from sItes In eastern Canada In 1973.

Cd in lobster
hepatopancreas
Vg/g wet weIght

GeometrIc
meanNo. of

LocatIon animals

NEWFOUNDLAND
Arnold's Cove 50
Comfort Cove 21
Lark Harbour 25
BritannIa 20
Bay l' Argent 26
Port aux Basques 26

NOVA SCOTIA
ArIchat 25
Cape John 25
ChetIcamp 23
DIngwall 26
Frambois 25
Gulliver's Cove 25
Judique 25
La Have 26
Larry's RIver 26
Li smore 17
Liverpool 26
Lockeport 23
Main-a-Dieu 26
Meat Cove 26
Parrsboro 26
Pictou 26
Pubnico 24
Sambro 25
Tangier 26
Victoria Beach 26
Whale Cove (Dighy) 24

PR INCE WI-lARD ISLAND
Beach Point 26
French River 26
North Lake 24
Tigni.sh 2.5

To ta I weIght
of lobsters

(g)
Arithmetic

mean
(SD)a

532(96)
538(]]5)
528(75)
639(200)
559(97)
476(9] )

536(70)
1,68( 54)
613(1]9)
573( 139)
499(61)
466(52)
442(73)
557(83)
5Id(91,)
542(72)
547(80)
506(83)
552(98)
547(124)
612(104)
481(59)
480(65)
679(79)
495(58)
1,95(58)
457(52)

526(89)
491(94)
599(J35)
53g(119)

Weight of
hepatopancreas

(g)
Arithmetic

mean
(SO)

32.1(9.7)
2S.J(6.3)
28.5(73)
33.1(100)
32.9(S.0)
29.5(5.1)

26.0(4.6)
22.9(3.8)
34.4(7.9)
33.9(8.6)
23.3(5.5)
24.3(3.1)
23.3(5.6)
28.0(5.1)
27.4(4.3)
25.3(3.7)
21.5(5.3)
26.9(5.3)
30.S(4.8)
29.6(5.8)
32.4(8.4)
23.1(3.3)
24.5(4.8)
30. 1(5.6)
24.5(3.7)
22.3(2.9)
23.6(4.7)

24.7(5.2)
24.5(5.5)
31.4(7.1)
27.3(7.0)

( RSD

S.82(3])
2.82(31,)

10.89(21)
]2.63(19)
10.83(16)
10.70(23)

7.87(27)
9.34(20)
9.14(36)

13.30(20)
12.51(22)
S.84(16)
S.78(18)
S.15(18)
8.27(22)
S.64(22)
5.19(34)
7.38(28)

12.58(22)
6.32(23)
9.]3(31)

14.36(27)
lO.42(4)
S.03(23)
6.15(35)
6.47(38)
7.05(29)

17.22(18)
1].95(31)
16.73(20)
]4.03(19)

Range

2.45-48.9
].72-6.43
3.78-33. (,
4.82-30.3
4.59-20.2
4.25-45.0

3.22-]9.6
3.06-18.0
2.13-36.3
5.14-27.4
4.05-52.9
4.70-]8.0
4.54-25.8
2.94-15.4
3.92-25.1
3.82-24.5
1.33-1G.7
2.80-22.4
4.89-47.2
1.85-12.1
1.02-59.0
3.77-79.1
5. ] 8-21. I,
2.0 -18.0
2.4 -20.0
].60-22.8
3.77-20.7

G.07-52.0
2.29-48.3
7.18-53.1.
5.52-37.8

NF:I~ BRUNS\VI CK
Back Ray
Ca pe To rmen t fne
Caraquet
Grand Manan
Maces Bay
~1iscou River
Nequi:1c
Petit Rocher
RIchibucto
Shippegan

QUEBEC
St e-Therese-de­
Gaspe

26
2)
] 7
26
25
26
26
26
26
26

26

471(82)
561(112)
380(52)
530(52)
5S0(99)
1,89(88)
350(61)
1,36(74)
460(70)
47S(89)

561(124)

21,.6(4.4)
27.0(6.3)
22.2(3.2)
26.8(4. 1,)
29.7(5.7)
25.4(6.9)
21.3(5.7)
25.0(5.2)
22.2(3.3)
25.6(1,.6)

27.3(5.5)

5.3](30)
10.90(18)
3.47(33)
6.93(35)
9.65(3])
1,.38(3])
4.72(24)
4.30(32)
6.26(23)
3.79(39)

10.53(33)

1.76-]4.5
1,.13-22.4
1.37-8.46
2.60-31.5
2.93-40.7
1.65-10.6
2.38- 9.7
1.89-10.7
3.51,-)1,.4
1.35-]1.3

3.82-47.4

Arithmet Ie
overall mean g.Q2(3.I,7) 1.02-79.1

a - Standard deviatioll
b _ Relative standard deviatIon
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Table 2. Cadmium (Cd) content in hepatopancreas of lobsters from five areas
in 1974 and 1975; total weight range of lobsters 452-581 g.

Cd in hepatopancreas,
)Jg/g wet weight

Geometric Geometric
mean mean

Area 1974 1975 N Significance

Tignish,
P. E. I. 14.48(11)a 15.54(19) 0.23 28 NS b

french River,
P.E. I. 11.88(6) 12.06(20) 0.04 24 NSb

Beach Point,
P. E. r. 17.05(7) 8.44(19) 4.30 24 HSc

North Lake,
P. E. 1. 14.65(14) 14.34(13) l. 02 25 NSb

Meat Cove,
N.S. 6.32(17) 10.77(8) 2.475 23 Sd

aNumber of animals
bNot significant
CHighly significant (p < 0.01)
dSignificant (p < 0.05)
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INTRODUCTION

Cadmium (Cd) levels in lobster hepatopancreas
are very high (1-50 Jlg Cd/g wet weight) even in
lobsters obtained from areas with minimal human
impact (Uthe and Freeman, this report). High levels
of Cd could be expected to affect sales of lobster
since Cd is known to accumulate in the kidney of man
throughout life and believed to begin inducing
irreversible kidney damage at kidney cortex levels
of approximately 200 Jlg Cd/g (Friberg et al. L971).
The availabIlity of a simple operation by which a
frontal lobe of one side of the hepatopancreas could
be removed enabled timed, forced depuration studies
to be carried out by using measurements over time of
an ind ividual animal's hepatopancreas level of Cd.

MATERIAL AND METHODS

Lobsters weighing between 450 and 600 g were
held in individual plastic tanks, each with running
sea water (""10°C at 100-200 mL/min) which was
aerated prior to individual delivery to each tank.
The frontal lobe of the hepatopancreas was removed
by scribing a circular groove w:lth a dental drUl
(112 round burr) about l-l~ em in diameter into the
carapace, just enclosing the white tendon mark
(behind and below the eye) at about 10 o'clock and
cut ti ng the rest of the way through the shell with a
scalpel at an angle describing a cone with its apex
insIde the lobster. This sloping cut will allow
easy reattachment of the shell piece. The shell and
its underlying structure are cut far enough around
to allow lifting of the incised area. The frontal
lobe of the hepatopancreas is carefully grasped and
ttle isthmus joining the two lobes severed with a
sharp scalpel. The shell. and underlying parts were
replaced and the shell piece glued to the main body
of the shell with a thin layer of N-histoacryl-Blau,
a commercially available surgical cyanoacrylate
glue (Dr. D. E. Aiken, St. Andrews Biological
Station). Cd levels were determIned in each lobe
after homogenization and dIgestion (200 mg tIssue/5
mL HN(3) by atomic absorption spectrophotometry.
Lobsters did not appear to be adversely affected by
this surgery. They resumed eating about 10 d post­
operatively and could successfully molt at a minimum
of 40 d postoperatively.

Partially degraded sodium alginate and sodium
pel' tate were prepared by Dr. Y. Tanaka (McGill
University). The efficiency of these materials in
preventing intestinal absorption of administered Cd
has been described (Skoryna et al. 1972).

Diets were composed of 20% cellulose (replaced
by either 5% alginate or pel' tate as required) and
75% clams cast in 5% gelatin (J. Castell, personal
communication). All animals were fed the control
diet (20% cellulose) for 1 wk, 14 d postoperatively
prior to initiation of the experiment. Lobsters
were fed 10 g diet (as one piece) three times a week
over the course of the experiment. After 10 wk the
remaining frontal lobe was removed. Feeding was
resumed 2 wk postoperatively for an additional 88 d.
Consumption by each animal was determined by
removing, weighing and discarding remaining food
just prior to the next feeding. Each of the three
feeding groups, containing 28 animals (mixed sexes)
at the start of the experiment, suffered some
mortalities during the course of the experiment
(control group - 14 mortalities; alginate group - 9
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mortalities; pectate group - 6 mortalities).
Analysis of sections of tissue from a single
hepatopanereas demonstrated that insignificant
«10%) dIfferences in Cd levels exist among various
sections of the gland. Cd analyses were carried out
as described by Uthe and Freeman (this report).

Since long-term feed ing experiments are not
practical from an industrial point of view, the
feasibility of removing Cd by injection of a COmmon
chelator was investigated. Disodium calcium
ethylenediamilH'tetracetate (Na2Ca EDTA), as well
as the divalent cations calcium or zinc or calcium
gluconate were tried. All solutions were made up in
3% NaCI to approximate isotonicity with lobster
blood.

Animals were to be injec ted every 2 d from 9 d
postoperatively. The injections were administered
into the ventral sinus, using disposable tuberculin
syringes fitted with 25G needles. The following
solutions were administered:

1. 10 mg calcium/mL as Na2Ca 'EDTA;

2. Soiution No. l containing 7.5 mg Ca
g luconate/mL;

3. Solution No.1 containing 0.3 mg Na2Zn.
EDTA/mL.

All animals received 5 mg Na2Ca EDTA/kg per dose.
Gaffkemia infection was found in the lobsters after
five injections (12 d). The experiment was termi­
nated immediately and the remaining frontal lobe of
the hepatopancreas removed.

RESULTS AND DISCUSSION

The results of the modIfied sodium alginate or
pee tate feeding experiments are shown in Table 1.
The mean values for the individual groups at the
start of the feeding period, the 70-d point and the
158-d terminatIon are also shown. In all cases
means were calculated only for those animals sampled
at two relevant periods. Differences were calcu­
lated on the basis of individual data obtained for
each animal and significance levels were determined
by paired t-tests. Positive difference values indi­
cate decre;sing levels of Cd over the test period.
Only animals whic h consumed more than 5 g food per
feeding period were included in these calculations.

It Is obvious from the data that dietary
administration of insoluble, ind igestible, Cd­
binding agents is unable to bring about a large
decrease in the level of Cd in the hepatopancreas.
Of course, it is possible that lobsters could digest
these degraded carbohydrates but, from the copious
quantities of feces present in the tanks, it is
doubtful.. Attempts were made to collect and weIgh
feces but variability in feeding and losses through
overflow prevented accurate determination of daily
fecal mass. In the control group it appears that Cd
levels might increase somewhat over the course of
the experiment. If this is so, then the alginate
and pee tate feeding effect may be greater than the
small decreases in Cd ievels found but the effects
are still of little significance to any practical
usage.

The large relative standard deviation in
hepatopancreas Cd levels (ranges from 35-80%) makes
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yield 10 ~gCd!g of hepatopancreas would be at least
100,000.

Schwarz, K., and J.E. Spallholz. 1978. CrDwtil
effects of small cadmium supplements in rats
maIntained under trace element-controlled
conditions. In Cadmium 1977. Edited
Proceedings: First International Cadmium
Conference, San Franc isco. Metal Bullet in Lt.,
London. p. 105-109.

Skoryna, S.C" Y. Tanaka, H. Moore jr., and J.F.
Stara. 1972. Prevention of gastrointestinal
ahsorption of excessive trace elements Intake.
In Trace Substances in Environmenta 1 He,,1 th,
VI. Proceedings of UnIversIty of MissDurl's
6th AnnUAl Conference on Trace Suhstancf'.'-; in
Env I ronnlPn ta 1 Hea 1 til. Ed ._ D. D. lk'mph i II •
University of ~tissouri-Columhia, ~lo. p. 1-11.

The very high concentratIon of Cd present: In
hepatopancreas makes it tempting to postulate a
biochemIcal role for Cd in the lobster. l1lis would
not be novel since a bIologIcal requIrement for Cd
In optimum growth In rats has been described
(Schwarz and Spa11ho12 1978) but the high level may
simply reflect a phenomenon similar to man in which
Cd is stored in the kidney, the level Increasing
wIth age (FrIberg et a1. 1971). Cd in lobster
increases with increasing weIght (Uthe and Freeman,
this report) so it is likely that the hepatopancreas
simply acts as a reservoir for Cd in lobster.

Pi sea to rand G. Nord berg. 1971.
the envf rOlll11f"nt.. eRe Prl'S~; ~

166 p.

REFERENCES

Friberg, L., M.
C<ldmIum il1
CI (>veLll1d.

studies of this sort extremely difficult unless
techniques like the surgical removal of hepato­
pancreas portions are used to utilize each animal as
its o"m control. 'The operation is fast, simple and
apparently does not harm the animal since feeding,
growth and molting are readily resumed. Gross
autopsy of animals which had been held post­
operatively for 1 yr or more in our aquaria showed
that the frontal lobe does not regenerate. However,
adhesions between the hepatopancreas and other soft
tissues at the severing site were noted.

Injection of divalent ions and chelators at
relatively high levels did not induce removal of Cd
from the hepatopancreas (Table 2). The log of the
binding constant of Cd EDTA is 16.5. This suggests
that, if any appreciable Cd equilibrium exists
between haemolymph and hepatopancreas cells and a
reasonable level of Cd is present in the haemolymph,
EDTA should effect rapid removal of Cd from the
hepatopancreas. This did not happen, suggesting
that either the concentration of free Cd in the
blood is too low to form appreciable amounts of EDTA
complex or the animal is unable to c'xcret:c' the
complex. It is doubt:ful that the latter suggest: ion
holds since EDTA is rapidly excreted by mammalian
kidney and not reabsorbed. It was also hoped that
the fortification of the injection solution with
calcium gluconate or zinc could increase the
availability of Cd In the haemolymph by competitive
action of these divalent cations for Cd binding
si tes. No such effec t: was found within the
relatively short time period of this experiment.

All of these resul ts suggest that Cd in lobster
hepatopancreas is extremely tightly bound and
dynamically unavailahle to eIther the IJBemolymph or
the gut It1mel1~ l1lis is not unexpected since, if one
considers a background lev!.:'} of Cd ill \.;ater to be
around 0" 1 IJg/L or less, the concentration factor to

Table 1. Ef fec t of feed ing degraded sod ium alginate or sod ium pec tate upon
cadmium ( Cd) levels in lobster he pa topanc reas - means and dIfferences (~ g Cd! g
wet: wt) •

N Differenced

Control group
7.88 + 2.91 6.93 + 2.70 22 0.75 + 2.46 b

6.81 + 3.20 9.27 + 1,.09 12 -2.52 + 2.59
7.68 + 3.36 9.27 + 4.09 12 -1.59 + 2.71,

10.61 + 6.40 9.50 + 4. 22 1.10 + 4.64
9.28 -:;: 7.98 4.22 1. 37

-
3.784.72 + 16 +

7.98
-

4,22 2.45
-

4.82 c10,1,2 + 7.15 + 16 +

Sodium pectate group
12.41 + 9.70 10.59 + 7.12 26 1.81 + 4.15

10.78 + 7.26 10.87 + 7.79 20 -0.09 + 2.07
12.40 + 9.07 10.87 -:;: 7.79 20 1.53 + 2.50

aA posItIve value indicates a drop in Cd levels over the time period.
b Hean + standard deviation for individual animal differences.
CNot signifIcant at the 5% level; all other dIfferences are not signIficant.
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Table 2. Effectiveness of intrasinal injections upon cadmium (Cd) levels in
hepatopancreas.

Treatment Mean + Std. Dev. N Differencea

CaNa2 EDTA Start 12.13 + 3.43 7
End 11.71 :; 5.28 7 0.1>1 + 1.60b

CaNa2 EDTA + Start 11. 25 + 3.33 7
ZnNaZ EDTA End 10.78 + 2.12 7 0.49 + 1. 58

CaNa2 EDTA + Start 13.88 + 8.15 7
Ca Gluconate End 13.78 + 9.33 7 0.27 + 2.30

aMean + standard deviation for individual animal dHferences.
bAll differences are not significant.
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INTRODUCTION

This paper is a summary of a publication (Uthe
and Chou 1980) on the uptake of cadmium (Cd) by rats
from a diet based on canned lobster hepatopancreas,
and from a generally used experimental diet based on
casein. lloth casein- and hepatopancreas-based diets
contained equivalent amounts of the essential
nutrients for rats. ('.anned lohster ht'patopancreas
was selected as onp of the diets becausl' hepato­
pancreas is the major ingredient of canned lobster
paste, a commercial product retaIled In Canada.

MATERIALS AND METHODS

Diets were prepared based upon either casein
(10 or 20% protein) or canned lobster paste (10%
protein). Diets were Isocaloric (332 cal/g), con­
tal.ned Cd at 20.9I1g/g wet weIght and for all prac­
tical purposes had the same coefflcl.ents of digestl.­
bility. Cd chloride was used to fort! fy both casein
dl.ets. Levels of calcI\un, selenIum, and zl.nc in
deficIent diets were fortifIed to the highest diet
level wIth calcItun chloride, sodium selenl.te and
zInc sulfate. Groups of 18 young female Sprague­
Dawley rats were individually fed ad libitum for
90 d. Body weights were determine~twice weekly and
food l.ngest ion was dete rmlned dally. At the end of
the feeding experiment, following decapItation, the
braIn, 1 iver, kidneys and spleen were removed from
each anl.mal, blotted, freed of extraneous tissue and
weighed. Af ter homogenl.za tion wI th water, the
samples were frozen for storage untl.l analyzed for
Cd by atomIc absorpt Ion spec tropho tometry. Due to
analytical diffIculties encountered by the con­
tractor, we reanalyzed as many of the original
homogenates as possIble (Uthe et al., thIs report).
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RESULTS AND DISCUSSION

The animals in the various groups dId not eat
sIgnlfl.cantly dHferent quantities of food, nor show
sIgnIfIcantly different weIght gain.

Average Cd level s for kidney, liver, spleen and
brain from each dietary group are shown In Table 1.
Cd Levels in kidney, liver and splec>n of rats on the
looster hepatopancreas diet wc>re significantly lower
than those of rats on the caseIn-based diets spIked
with OJ chloride. Cd uptake In kIdneys and livers
of rats on the fIrst diet was only 55 and 68%
respectively of the amounts taken up by these
tissues l.n rats on the second dIet (Table 2).

The amount of "free" (polarog raphica11y ac tl. ve)
Cd in the canned lobster hepatopancreas was 45% of
total Cd.

These results indl.cate that "free" rather than
"total" Cd of a diet determines the extent of Cd
uptake. Hepatopancreas, when assayed after rpmoval
from freshly ki lled animals, had no detl~ctable

amount of free Cd. If the uptake 1.s dependent upon
the presence of free Cd, then Cd in hepatopancreas
from a boiled lobster may be much less avaIlable
than Cd from canned lobster hepatopancreas, sInce
baH ing 1.s a much less vigorous treatment than the
canning process.

REFERENCES

Uthe, J. F., and C. L. Chou. 1980. CadmIum levels In
selected organs of rats fed three dIetary forms
of cadmIum. J. Environ. ScI. Health 15A:
LOl-il9.

Table ]. CadmiLml (Cd) (~g/g wet weight) l.n tissues from rats fed var ious d1.ets.

Diet
Casein Lobster hepatopancreas

10% proteIn 20% protein 10% protel.n
Mean SO N Mean SD N Mean SD N

Kidney 12.32 2.41 15 11. 2 3.0 16 5.06 1. 41 11

Liver 5.29 0.97 16 5.80 1. 36 12 2.72 1. 56 10

Spleen 0.79 0.28 IS 0.23 0.117 18

Brain 0.019 0.014 15 0.034 0.015 16 0.017 0.013 18
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Table 2. Total uptake of cadmium (Cd) (~g), mean and (SO), in tissues from rats
fed various diets.

-------- ---

Total Cd ingested

Total Cd kidney

% ingested

Total Cd liver

% ingested

Diets
Casein Lobster hepatopancreas

10% protein 20% protein 10% protein

20300 (2800 ) 27200 (2300 ) 25700 (2000)

20.6 (5. 1) 20.1 (5.5) 10.5 (2.0)

0.072 0.074 0.040 (55%)a

35.4 (6700) 39.0 (l0800) 22600 (3000 )

0.118 0.140 0.088 (68%)a

a % ingested relative to casein diets
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INTRODUCTION

It has become evident that acute toxicity tests
by themselves are not always reliable for the moni­
toring or assessment of aquatic pollutants. There
is an increasing need to augment such data with
indicators of sublethal effects. The pollution with
cadmium (Cd) of Belledune Harbour is an example.
There is no apparent health problem to resident
lobsters (Homarus americanus); however, the Cd con­
centrationln hepatopancreas has reached undesirable
levels for human consumption.

Adenylate euergy charge (AEC) is a measure of
the metabolic energy state of the animal and Is a
prime factor in controlling catabolic and anabolic
processes (Atkinson 1977). The rationale for the
use of AEC as a biochemical indicator of stress has
been reviewed (Ivanovici 1979). Changes in the
adenine nucleotide pool and AEC occur in marine
organisms under stressful conditions of anoxia
(Zs-Nagy and Ermini 1972; Wijsman 1976; van den
ThUlart et al. 1980; Schottler 1978), reduced
salinity (Rainer et al. 1979) and hydrocarbon
pollution (Ivanovici 1979); however, with toxic
levels of toluene, narcotization is jost as
sensitive as significant changes in ATP or AEC
(Bakke and Skjoldal 1979).

Sodium, potassium-dependent adenosine triphos­
phatase (Na,K-ATPase) is generally considered to be
the primary mediator of ion transport across cell
membranes (Neufeld et al. 1980). Ouabain selec­
tively inhibits Na,K ATPase but not other ion­
regulating ATPases (residual ATPase, mostly
Mg·-ATPase). The effect of salinity (Neufeld et al.
1980) and metals (Watson and Beamish 1980) on the
activity of ATPases has been described for aquatic
fauna" Ouabain insensitive ATPase activity of
lobster is stimulated by sublethal concentrations of
Cd (Thurberg et aL 1977; Tucker 1979).

In the present study, AEC and ATPase activity
were investigated as potential biochemical indices
of Cd pollution.

MATERIALS AND METHODS

The Cd--contaminated lobsters were collec ted
during May 1980 from coastal Haters within a 1.6-km
radius of Belledune Harbour breakwater. They were
held for a maximum of ] wk in commerc ial holding
tank", then transferred to St. Andrews, N.B.
Contrul lubsters were purchased from commercial
sources In Stonehaven, N. B., which is sttuated 38 km
directly across Nepisiquit Bay from Belledune
Harbour. Upon transfer to St. AndreHs, the lobsters
were held without food for 2 d in continuously
flowing, aerated sea water before tissue samples
were ob ta ined. This minimized any st reBS induced by
the transfer process. All tissue samples for
ATPase, AEC and Cd assay were excised simUltaneously
from each lobster.

ADENYLAn: ENERCY CHARCE IlETF:R~nNAT10NS

The gi lis from the right side, <J section of till'
hepalopanCre<ls tlnd i-l thin tral1BVerSl' sl lce of t;l i 1
muscle (approximiltely 2 em from the ;ulterior ,'nel of
the muscle) were frel'ze clamped at -196°C, using
liquid N2 temperatures (Hess <Jnd Brand 1974).
The tissues "Jere ground to a powder in liquid N2
and stored at -80°C.

ApproxLllwtely 1 g of ileeurate]y welr',hed,
pulverized gill or hepatopetl1creas tissue W;-lS

homogenized, at ice bath temperatures, ~l 2 mL of 6%
HCl04 ''lith a Tekmar Tissumizer. For tail muscle
1 g of pulverized tissue was homogenized in 3 mL of
6% HCl04' TI,e homogenates were allowed to stand
at 25°C for 30 min, then centrifuged (IEC-820A) at
30,000 x G and 4°C for 15 min. The supernatants
were collected, the pellet resuspended and extracted
with 2 mL of 6% HCl04_ After centrIfugation the
supernatants were pooled and 0.5 mL of 1M MOPS
buffer (Sigma) added. The supernatants were
neutralized (pH 6.8-7. 1.) with 3N KOH drupwise and
the resu] ttng precipitate removed by cplltrifugation.
The adenylates were stahle in this neutral iZPd
extract for 1 wk at -80°C.

The concentrations of ATP, ADP and AMP in the
neutralIzed extracts were determined by the enzy­
matic methods of Lamprecht and Trautschold (1974)
and Jaworek et al. (1974) using a Beckman Model 25K
spectrophotometer with the following modifications:
For ATP analysis, 300 pI, of gtll, 300 pL of hepato­
pancreas or 100 pI, of muscle neutralized extracts
were used for the assay. For ADP and AMP deter­
minations, 500 pI, of neutralized extracts from each
of the tissues '.Jere analyzed. All assays were
performpd In duplicate. Tris buffer (pH 7.6, 50 mM)
was substituted for triethanolamine buffer and final
assay volumes were kept constant for each nucleotide
by addition of Tris buffer. All enzymes and sub­
strates were purchased from Sigma (St. Inuis, MO,
USA) or Boehringer-Mannheim (Montreal, Que.,
Canada).

TI,e AEC was calculated from:

AEC = (ATP + 0.5 ADP) -;- (ATP + ADP + A~lP).

Freeze-dried tissue samples were analyzed for
Cd using em atomic absorption spectrometric
technique (Ray et al., thIs report). On the basis
of Cd content, the biochemical assay resu] ts of
Belleelune Harbour lohsters were divided into data
from contaminated and non-contaminated lobsters.

Results from the Cd and adenine nucleotide
assays were evaluated on the basis of dry tissue
weights. Values based on wet tissue Heights can be
calculated from the following moisture contents
(percent moisture ± standard deviation, N=36), 77.5
± 0.6%, 86.0 ± 1.3% and 58.1 ± 3.8% for tail muscle,
gills and hepatopancreas, respectively.

ATPASE ASSAY

The ATPa se assa y wa s mod i f ied from the proc e­
dures of Neufeld and Pritchard (1979) and Tucker
(1979). For each ATPase assay, all gills from the
left side of each lobster were removed and
immediately washed in an ice-cold solution of 250 mM
sucrose and 5 mM EDTA. TIle gill tissue waS trans­
ferred in fresh sucrose-EDTA solution to a 2-4"C
constant temperature room where the tissue was
blotted on Kimwipes and weighed to the nearest
milligram. TI,e tissue was transferred to 5-10 mL
fresh sucrose-EDTA solution in a polycarbonatf'
centri.fuge tube and frozen in liquid n1 trogen ..
Fol towing freezing, the samples were stored at -80 D C
unt it ATPasp l1le:1surernents were c<lrried ont.

Tht' tissue was quickly thawed, blotted ;If\d
I'L",'ed in a fresh volume of sucrose-EDTA in the
rdt i 0 of 1,0 mg gill tissue per ml IIi 1 iter sucrose­
EDTA. The gill tissue Has homogenized by using a
Tekmar Tissumizer. After vigorous stirring, 0.2 mL



of the gill homogenate was drawn into an Oxford
pipette and added to 0.6 mL of the assay medium and
pre incubated for 5 min at 37°C. Ihe reaction was
started by adding 0.2 mL ATP solution to give
a total reaction volume of L mL. Final concen­
trations of the assay medium were: 50 mM NaCl, 10 mM
KCl, 4 mM MgC1 2 , 6 mM disodium ATP, and 90 mM Tris
buffer (pH 7.6). To determine Na,K ATPase and
residual ATPase activity, the reaction was run with
and without a final concentration of 0.2 mM ouabain
for 10 min at 37°C and stopped by adding 4 mL of
cold 1% ammonium molybdate in L 15N H2S04 into
which 40 mg/mL ferrous sulfate had been dissolved
just before use. Samples were centrifuged for 3-5
min at 5000 RPM (Sorvall SS3 and SS-3If rotor). The
blue color of the reac tion mixture was allowed to
devdop for 1 h before the absorbancy of each sample
was measured at 700 nm. All assays were done in
triplicate. The amount of inorganic phosphorus (Pi)
liberated in the reaction ATP ~ADP + Pi was
expressed as the number of ~moles Pl/mg protein/h.
The proteIn content of the homogenate was determined
by using a modifIcation of the Lowry method (Hartree
1972), and bovine serum alblunln as a standard.

RESULTS AND DISCUSSION

Cd ANALYSIS

l'nere was a wide variation in Cd Levels between
individuals, especially in those from Belledune
Harbour area (large range values, Tables 1-3). Two
distinc t populations were found in the Belledune
lobsters (N-24): those having significantly elevated
Cd levels (N-17, p < .001) compared to the
Stoneha ven lobster s (N-12), and those showing no
significant dIfference (N-?). There was no corre­
lation between size of Belledune lobsters and their
Cd content.

All data were classified, according to the Cd
content of lobsters, into the following: Belledune
Harbour lobsters having elevated Cd levels (BC),
Belledune Harbour lobsters with control levels of C,d
(BU) and (SH) s.llleBUlobsters
probably recently migrated ~lto the Cd-contaminated
area, and were caught before significant Cd uptake
occurred.

11,e Cd concentration of all lobsters varied
among the hepatopancreas, gill and muscle (483.2 ±
153.1, 69.79 ± 27.22, 2. 18 ± 1. 28 ppm dry wt,
respec tively, Tables 1,-3). The hepatopancreas Cd
concentration was 5-8 times greater than the Cd
concentration of gill, anel gill Cd concentration was
30 times than the Cd concentration of
muscle. Induction of metallothioneins may be
involved in the preferential deposition of Cd in the
hepatopancreas. 'fne occurrence of metallothloneins
has been found l,n several marine invertebrates
(Olafson et aL 1979; Talbot and Hagee 1978).

ANALYSIS OF ADENINE NUCLEOTIDES

The size of the total adenylate pool per gram
of tlssne in the lobsters Increased in the order
hepatopancreas < gills < muscle (Tables 1-3). TI,e
major cHouse of thls disparity Ln distribution of tllt.'
adenyLatE's is the ATP component" Thp ('onl'entJ~atlollS

of adenine nucleotldes In the tail muscle !In'

comparable to those found in the abdominnl muse] (' 01
(Beis and Newsholme 1975). The

r adenine nucleotides was as expected,
with tissues having high energy requirements main-
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taining hlghe levels of adenylates. Interestingly,
the hepatopancreas has the highest metabol ic
activity but maintains the lowest concentration of
adenine nucleotIdes. The AEC follows the same
pattern, being hi ghest in the muscle, followed by
gill, then hepatopancreas, but in no instance was
the AEC less than 0.8, the lowest ratio indicative
of a healthy, unstressed animal (Ivanovici 1979).

The muscle and hepatopancreas of Belledune
lobsters (BC and BU) showed no sIgnificant
differenee from SH controls In the levels of ATP,
ADP, AHP, total adenine nucleot1des or AEC (Tables

, 2, 4). Gills of BC lobsters had signl ficantly
depressed Levels from SH controls witb ATP (p< .001,
76% of control), AHP (p < .05, 87% of control),
total adenylates (p < .001, 79% of control) and a
small but sIgnificant difference in AEC (p < .001)
{'fable 3). 'n,l' BU lobsters also had significantly
lower levels from SH controls (Table 4) with ATP (p
< .01, 78% of controls), total adenylates (p < .05,
85% of controls) and AEC (p < .001). The apparent
lack of difference of AMP levels of BU and SH
lobsters could be related to sample size (N-7 for BU
vs N-17 for BC). TI,ere were no differences in the
adenIne nucleotide levels and AEC for all three
tissues between BU and BC lobsters.

The effect of anoxia or sal inlty stress on the
adenine nucleotides and AEC of aquatlc animals has
been variable. Exposure of edulis to air
(Wijsman 1976) and exposure estuarine
molluscs to reduced salInity (Rainer et al. 1979)
caused a decrease in AEC but the total adenlyate
pool remained constant. Both the AEC and total
adenylates dec reased during hypoxia in the muscles
of goldfish, auratus (van den Thi.llart et
al. 1980). anoxia caused a decrease
In AEC and ATP hottler 1978). TI,e AEC may
also remaIn stable when ATP decreases, by reduction
of the total adenylate pool (Chapman and Atkinson
1973). '111C results from our lobster studies
resemble the latter case. Al though the AEC of gills
from Bli and BC lobsters is significantly lower than
SH controls, the difference is small. Additionally,
the AEe is no too dIfferent from the sLabil ized
Id",l1 val of 0.85 (Chapman .1971) and well
with1.n the range (0.8-0.9, Ivanovici 1979) expected
for viable cells.

TI,e causative agent for lower AEC and adenine
nucleotides of BU and BC lobsters compared to SH
controls is unknown. Cd is probably not responsible
since the values for BU lobsters I-Jere identIcal to
BC lobsters. No correlatIon between Cd levels and
any of the biochemIcal parameters was observed
(Tables 1-3). High Cd levels were observed 1.n the
BC, but apparently have not reached toxic levels as
others have remained healthy since their capture.
The differences observed between Belledune Harbour
area and Stonehaven lobsters may be due to
geographically related reasons or to the presence of
sublethal concentrations of other pollutants.

ATPASE ACTIVITY

No significant differences were found in the
Na,K ATPase or residual ATPase (ouabain-insensItive)
activity among BU, BC or SH Lobster gills (Table 3).
Previous stud il"s wi th nmprlcanus dpmon-
steated i1 )')% in(,fl'Hs,> n fl'>' (i~~;-I-A;l~}'i~~(' actl vity
"I'I er 30 d l'XI}()RUH> to h ppb Cd ('['uckl'r 1979;
Thurlwrg eL al. 1977). In these' studll's, tht' 'jO-d
levels of Cd in the gilis Ivere 3-4 times lowel' than
1.n BC Lobsters. One possibiUty for this dis­
crepancy Is that thIs stImulation of resi.dual ATPase
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Table 1. Cadmium (Cd) levels and biochemical analysis results for muscle tissues
of Cd-contaminated lobsters from Belledune Harbour.

Mean ± 95%
Parameter confidence CorrelatIona

analyzed N Interval Rrtnge coefficIent

------

Cd ppm Controlb 12 0.10 :I: O. 06 0.01- 0.35
dry wt Belledunec 17 2.18 ± 1. 28**d 0.41-11.15

ATP Control 12 20.77 ± 1.10 17.11-23.59 -0.291
p mole/ g Belledune 17 20.49±2.20 6.61-26.17 -0. 187

ADP Control 12 3.32±0.16 2.71 3.88 -0.599*
p mole/ g Belledune 17 3.45±0.36 1. 95- 4.10 -0.192

AMP Control 12 0.52±0.04 0.41 0.61 -0.594*
p mole/ g Belledune [7 0.53 ±0.07 0.38- 0.94 -0.102

Total adenylates Cont rol [2 24.98 ±O. 96 22.95-28.08 0.174
p mole/ g Belledune 17 24.1+9 ±2. 45 8.96-30.50 -0. [90

AEC Control 12 O. 911± O. 003 0.902-0.920 0.437
Belledune 17 0.905±0.009 0.845-0.921 -0.038

aCd concentration vs parameter analyzed, * p <.05.
bControl animals: 6 males, 6 females; mean wt - 473 ± 71 g.
cBelledune Harbour Cd-contaminated anImals: 14 males, 3 females; mean

wt - 60 1 ± 77 g.
dLevel of sIgnIficance in t-test - ** p < .01.

Table 2. CadmIum (Cd) levels and biochemical analysis results for hepatopancreas
tissues of Cd-contaminated lobsters from Belledune Harbour.

Mean ± 95%
Parameter confidence CorrelatIona

analyzed N interval Range coefficient

Cd ppm Control b 12 30.88 ± 9.68 9.48 - 70. II
dry wt Belledunec 17 483.2 ±l53.1***d 106.30 -1103.00

ATP Cont rol l2 2.62 ± O. ] 9 2.23 - 3.25 0.180
pmol,,/ g Belledune 17 2.49 ± 0.16 l. 85 3.03 -0.087

ADP Control l2 0.69 ± O.ll n.33 - 1.03 0.366
pmole/g Belledune ]7 0.67 ± 0.07 0.40 - 0.91 0.366

AMP Control 12 0.25 ± 0.03 0.18 - 0.35 0.338
pffiole/g Belledune 17 0.24 ± 0.03 O. II - 0.41 0.236

Total adenylates Control 12 3.56 ± 0.29 2.89 - 4.63 0.292
lJffiole/g Belledune 17 3.37 ± 0.19 2.36 - 4.13 0.125

AEC Control 12 0.836± 0.014 0.808- 0.869 -0.055
Belledune 17 0.83l± 0.013 0.781- 0.876 -0.326

CICd concentration VB parameter analyzed ..
bcontrol anImals: 6 males, 6 females; mean wt
cBelledune Harbour Cd-contaminated animals: 14
wt - 601 ± 77 g.

dLevel of significance In t-test - *** p <.001.

473 ± 71 g.
males, 3 females; mean
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Table 3. Cadmium (Cd) levels and biochemicaL analysis results for gill tissues of
Cd-contaminated lobsters from Belledune Harbour.

Parameter
analyzed

Cd ppm
dry wt

Controlb

Belledunec

N

12
17

Mean ± 95%
confidence
interval

3.68 ± 0.76
69.79 ±27.22***d

Range

1.91 7.19
24.40 -267.30

Correlationa

coeffic ient

ATP
pmole/g

ADP
pmole/g

AMP
pmole/g

Total adenylates
)Jmole/ g

AEC

Control
Belledune

Control
Belledune

Control
Belledune

Control
Belledune

Control
Belledune

12
17

12
17

12
17

12
17

12
17

5.27 ± 3.69
3.99 ± 0.27***

0.63 ± 0.07
0.65 ± 0.07

0.55 ± 0.44
0.48 ± 0.05*

6.45 ± 0.44
5.12 ± 0.34***

0.866± 0.006
0.84/,± 0.008**"

4.24 ­
3.10 -

0.43 ­
0.32 -

0.43 ­
0.32 -

5.10 ­
4.02

0.843­
0.820-

6.78
5.22

0.85
0.85

0.68
0.64

8.24
6.62

0.882
0.872

0.268
0.051

-0.033
0.007

-0.019
0.082

0.217
0.054

0.333
-0.030

Na, K ATPase
pmole Pi/mg
pro te in/h

Re sidual ATPase
pmole Pi/mg
pro te in/h

Control
Belledune

Control
Belledune

i2
16

12
16

4.93 ±
5.07 ±

14.88
14.70 ±

0.73
1.24

2.61
2.69

3./,5 - 7.29
0.83 - 10.93

9.65 - 23.28
2.65 20.88

-0.330
-0.050

0.221
0.084

aCd concentration vs parameter analyzed.
bControl animals: 6 males, 6 females; mean wt = 473 ± 71 g.
c Belledune Harbour Cd-contaminated animals: 14 males, 3 females;

wt 601 ± 77 g.
dLevel of significance in t-test - * p <.05, *** P <.001.
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Table 4. Cadmium (Cd) level s, adenine nucleo tides and adenylate energy charge of
Cd-uncontaminated lobsters (N=7) from Belledune Harbour.

Mean ± 95% Correlation
Parameter confidence coefficient t-test
analyzed interval Range compared [Cd] - aTissue to resul ts

Gills Cd 5.58 ± 1. 74 2.42 - 9.31 NS SH
ppm dry wt p <.001 BC

ATP 4.13 ± 0.60 2.65 - 4.95 0.289 p <.001 SH
~mole/g NS BC

ADP 0.69 ± 0.13 0.51 - 0.92 0.243 NS SH
~mole/g NS BC

AMP 0.58 ± 0.09 0.32 - 0.72 -0.325 NS SH
~mole/g NS BC

To tal adenine nucleotides 5.39 ± 0.74 3.48 - 6.33 0.2]B P <.05 SH
~mole/ g NS BC

AEC 0.830± O.O)L, 0.792-0.845 0.755 p <.001 SH
NS BC

Tail muscle Cd 0.18 ± 0.2 0.04 - 0.45 NS SH
ppm dry wt p <.01 BC

He pa topanc reas Cd 27.17 ±14.46 7.53 -65.46 NS SH
ppm dry wt p <.001 BC

aSH = Stonehaven control 10[)f;ters, N=12.
BC = IlcUedune Harbour Cd-contaminated lobst,>rs, N=]7.
Belledune Harbour uncontaminated [obstet's: 4 males, 3 C,'males; mean wt
.',03 ± 100 g.

activity is transitory and, under the more chronic
exposure to Cd of BC lobsters, the stimulatory
effect of Cd on residual ATPase activity is lost
through some adaptive mechanism. There are large
ind i vidual varia tions in Na, K ATPase and residual
ATPase (see range Table 3) and a larger sample size
may have demonstrated some differences.

CONCLUSION

Lobsters residing in the Cd-polluted waters of
Belledune Harbour have remained healthy. The high
levels of Cd accuuulated by Belledune lobsters have
not resulted in deleterious changes in ion transport
in the gills, or the metabol.ic energy state of the
animal because:

1. 111e AEC was within the range expec ted for
healthy individuals;

2. Lack of correlation of Cd levels to changes
in AEC and adenine nucleotide pool;

3. No significant differences of ATPase
activity between Cd-contaminated and
non-contaminated lobsters;

4. Lack of differences in adenine nucleotides
and AEC between Belledune Harbour lobsters
\"ith high Cd level s and those with Cd
levels similar to Stonehaven controls.

These criteria may still be useful to ind icate
sublethal effects in lobsters under stressful
conditions of Cd; however, the Belledune Harbour
area lobsters are unaffected by present levels of
Cd.
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INTRODUCTION

High levels of cadmium (Cd) had been found in
the hepatopancreas tissues of lobsters caught in the
Belledune Harbour area (Uthe et al., this report).
In addition to the concern that the levels were
potentially dangerous to human health, it was also
considered possible that the Cd could be harmful to
the lobster itself. For this reason, sampling of
lobster tissues for histopathological examination
was carried out in conjunction with the sampling for
Cd analysis.

111e he pa topanc reas was se lec ted for histo­
logical study both because of its sometimes high Cd
levels (Uthe and Freeman, this report) and because
of its active role in the storage and metabolism of
divalent metals - iron, copper and calcium - during
the molt cycle (Davis and Burnett 1964; Travis
1955a). Cd affects cell membranes and for this
reason the gill tissues with their thin epi thelial
cell covering and the epithelial cells of the
tuhul es of the green glAnds were cont:ddered as
potentially susceptible tissues which would b,'
target organs of Cd toxicity.

Also, in a study on factors affecting the
toxicity of Cd to the fiddler crab, Uca pugllator,
O'Hara (1973) reported finding the highest concen­
tration of Cd in the green gland, followed by gill,
hepatopancreas and muscle.

MATERIALS AND METHODS

During the period April 28-May 5, 19BO, '172
lobsters wen' sampled ror chemical analysis. During
tbis time we took tissue samples from 118 lobsters
for histologic,,;] study. In all cases, carapace
length, weight of hepatopancreas, total hody '''eight,
sex, date and location of capture of each animal
'''ere recorded and the lobster sample numbers used
for chemical and histological examination
corresponded. Whenever possible, the molt cycle
stage was determined.

The sampling "ecord is summarized in Table 1.
The lohsters which "Jere sampled, the ti ssues sampled
and the Fixatives used are listed together WitJl a
key to the area where the lobster was captul~ed and,
if available, its stage in the molt cycle. An "a"
in the table indicates lobsters which were selec ted
by Dr. J. Uthe for a blind study in which the
histology and the pathology (if any) of the lobsters
were compared without a prior knowledge of the Cd
levels found in the tissues of these animals. After
fixation, all the tissues were embedded in paraffin,
sectioned at 5]1 and stained with haematoxylin and
eosin. The sl ides were examined and photomic ro­
graphs taken, using a Zeiss Photomicroscope III.

RESULTS AND DiSCUSS iON

In l'ul1sidet-ing the n'sul ts of tile eX;:llllinilt Lon
of the hepatopancreas tissues, it is desirable to
first consider the available literature on the
histology of this organ. Three relatively recent
studies are pertinent: Travis (1955a, 1957) and
Davis and Burnett (1964) have described the
histology of the hepatopancreas of the spiny Lobster
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(Panulirus argus Latreille) and the crayfish
(Astacus fluviatilis), respectively. Travis was
concerned with cellular changes during the course of
the molt cycle while Davis and Burnett used auto­
radiography to demonstrate the growth and cell
differentiation, or ontogeny, as these authors pre­
fer, of the cells of the hepatopancreas during the
intermol t period. Of these stud ies, the work by
Davis and Burnett is the most definitive and,
al though the study was done on till' crayl' Lsh, our
resul ts indicate that the work may be extrapolated
to 8pply to the American lobster.

Tn essence, the hepatopancreas consists of a
vast number of tubules which open into a duc t
system. The tubules are blind sacs and, at the
apex, embryonic cells are found which divide and
move proximally down the tubule to become in order
an 8bsorptive cell, a secretory cell, a fibrillar
cell and finally an atrophying cell at the entrance
into the hepatopancreas ducts. The absorptive cell
has a basal or a central nucleus, small granules
and, during the premolt or early postmolt stages,
has many small vacuoles at the' periphery fi I ied with
calcosphf'rltes or calcium phusphate spherlll('s~ In
til<' secretory stage the nuc!pus is bas,ll and large
vacuoles appear in the cytoplasm and arE s01TI(,times

seen dischacging their contents into the lumen of
the tubule. Secretory cells become fibrillar cells
and these are seen only in small numbers among the
other cells. They contain iron and show striations
running from the base to the lumen, and have a
basally located nucleus with a large nucleolus.
Finally, at the proximal end of the tubule,
atrophying cells are found which are small, have
pycnotic nuclei and, in some instances, the nuclei
havp undergone karyorrhexis ..

in the examination of the Belledune lohster
hepatopancreas sections, ,111 these types of cells
were observed" Sections may be cut through one
tubule at the level of the absorptive cells, another
tubule at the level of the secretory cells, or a
longitudinal or oblique section may demonstrate the
presence of all these cell types in one tubule.
Most of the -lobsters were staged by the method of
Drach (1939) and were found to be in the intermolt
or early premolt stage. Travis has observed that
the cellular composition of the tubule varies during
the molt cycle. She also notes that the animal's
sIze and water temperature may affect the rate of
change of cPllular composition or the tubules during
the molt cycle, while Ogura (1959) notes that the
propertLes of the epithelial cells of the gland vary
to a certain extent according to the individual
animal studied. It is thus in the light of this
information about cell types and individual varia­
ti.on that the sections of the hepatopancreas must he
considered. Our conclusion is that no histopatho­
logical changes are to be seen in the sections which
\.Jere examined and hence' the elevated Cd level s in
the hepatopancreas have been without detectable
effec t on this tissue. 111e cell types and
variations observed were all within the normal
limits o[ variation. However, it should also be
notl'd l:ll.~lt other workers have rt>ported t-hdt

('rtl~;tilCP;lIlS <Ire mOfe SI\S('l'ptlhlt· to tIll> c'rrects of

toxic slibslilncl's during 11101 tIn,', or ,·"dysls (Silrogli"
,n,,1 Scnr,n,o 1979). Lobst"f's l'x;llnined ill this I-itlldy
were nll In the intermol t or ear] y pre'molt "tng".
It i.s possible that, during the molt, patllOIogical
changes might be detected in the hepatopancreas of
those lobsters with high CAl levels in this tissue.
Representative photomicrographs of the hepatopan­
creas are sho\.Jn in Fig. i-4.
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GREEN GLAND SlIM1-1ARY AND CONCLUSIONS

In the Crustacea, the paired green or antennal
glands prodnce a secretion or "urine" and are
involved in ionic and osmotic regulation. Travis
(1955b) suggests that in the spiny lobster this
organ is instrumental in conserving calcium for
hardening the skeleton following the molt, and this
is accomplished by reducing the amount of calcium
excreted in the urine. In the lobster the pair of
glands are found at the base of the antennae just in
front of the stomach sac and consist of an end sac,
an excretory tubule or labyrinth, and a bladder
which opens to the outside by a shor eluct. The
tnbules in the labyrinth are lineel by single cell
layers of cuboidal epithelial cells with central
nuclei. Figure 5 shows a portion of the labyrinth.
The cells are in the secretory stage and large
vacuoles appear to be discharging into the lumen. A
brush border is present on the proximal or lumen
surface of the cells. The nuclei are large with
scattered chromatin. Blood cells are present
between the layers of tubular eplthel ium. The gland
is normal In appearance and corresponds in descrIp­
tion to the secretory stage of the green gland of
crayfish Astacus astacus described by von
Buddenbrock (1954~Once again there is no evidence
of histopathological change in the green gland of
lobsters containing elevated levels of Cd in their
hepatopancreas tissue. This is also shown by
6, a phol:omicrograph of the tubules of lobster
wi th a Cd level of 304 ppm In its hepatopancreas.
Cellular detail is normal.

The hepatopancreas, gill and green gland
tissues of 118 lolosters from various areas at or
near Belledune Harbour in the Bay of Chaleur have
been examined histologically. No histopatholog ical
changes were observed regardless of the ('Ai level
found in the hepatopancreas of the animals beIng
examined. While this is an encouraging result, any
en thusiasm should be mod Hied by the following
considerations: First, the lobsters examined were
all in their intermolt or early premolt stage. As
noted earlier, crustaceans are more susceptible to
toxic sulostances during the ecdysis or mol t period.
Secondly, the hepatopa.ncreas was examined because of
the high level of Cd found in this tissue, and the
gills and green glands for reasons givell above.
HOI.lever, Cd also is known to be toxic to gonad
tissues, and a more complete study should include
consideration of the reproductive tissues of the
lobster. Thirdly, the tissues examined were studied
by light microscopy, using haemotoxylin and eosin
stained material. Closer examination, staining for
specIfic cellular constituents, or ultrastructural
studies might reveal deleterIous changes induced by
the high 0:1 levels. Thus this report indicates no
effect of Cd upon the lobster tissues examined but
should be considered as a preliminary study.
Gonadal and other tissues were also fixed and can be
studled further.

AC KNOWLE DGNENTS
GILLS

REFERENCES

Natural history of the
Bu I I. 1I. S. Bu r. Fi s h. 2 g:

Davis, L. E., and A. L. Burnett. 1964. A study of
growth and cell differentiation in the
hepatopancreas of the crayfish. Develop. BioI.
10: 122-153.

Burggrell, Iv. W., B. R. ~icNahon, and J. tv. r",sterton.
1971,. Branchial water- and blood-flow IJiltterns
<1n<1 the structur,' of the giLl of the crayfish

clarkiL Can. J. Zoo!' 52:

The authors are indebted to Dr. M. Gilgan for
determining the molt stage of the lobsters by the
method of Drach.

Drach, P. 1939. Hue et cycle d'intermue chez les
rustaces decapods. Ann. Inst. (',ceanogr. 19:

103-391.

Herrick, F. H. 1911.
American lobster.
]i. 9-1;08.

Ogura, K. 1959. Midgut gland cells accumulating
iron or copper in the crayfish, Procambarus
clarkii. Annotationes Zoo1. Japon. 32, No.3.

O'Hara, J. 1973. 11,e influence of temperature and
sali.nlty on the toxIcity of cadmium to the
fiddler crab, lIca pug.ilator. Fish. Bull.
71(1): 149-153.

The lobster has 20 pairs of gills, found in
narrow branchial chambers on each side of the body
and covered by the overlapping carapace. The
anatomy of the gills has been described briefly by
Herrick (1911) while the histology and ultra­
struc ture of two closely related

a spIny lObstee:r~'m~a.~n::d~dC9;:~.~~~~'17~~~;~, have beerl e and
Smith (1970) and loy Burggren et al. (1974 , respec­
tively. In the lobster the gIll s are "feathery"
structures with many fine lateral filaments
extend Lng out from a main axis" The filaments are
covered with a thin chitinous layer below which is a
layer of epithelial cells. Blood flOYls through an
afferent vessel to the tip of the filament and
returns to the base of the fIlament through a
parallel efferent vessel. The vessels are separated
fcom each other by a connective tissue septum
similar to the pillar cell arrangement In fish
gills. Holes in the septum near the outer edge of
the filament ailow some blood to cut across from the
afferent vessel to the parallel efferent vessel
without flowing out to the tip of the gill
f i lamen t.

In this study the sections of gill examined
showed the integrity of the epithelial cell iayers
was preserved and no differences were detectalole
between the gills of lobsters containing either high
or low levels of Cd in their hepatopancreas (Fig.
7). Certainly it might be expected that the epi­
thelial cells would be the first to show evidence of
the toxIc effects of Cd. These cells are in direct
contact wi th the seawater and would be constantly
exp()sed tel any toxic substance in the envirolllnent~



Saroglia, M. G., and G. Scarano. 1979. Influence
of molting on the sensitivity to taxies of the
crustacean Penaeus kerathurus (Forskal).
Ecotoxicol. Environ. Safety 3: 310-320.

Strangways-Dixon, J., and D. S. Smith. 1970. The
fine structure of gill "podocytes" in Panulirus
argus (Crustacea). Tissue & Cell 2: 611-624.

Travis, D. F. 1955a. The molting cycle of the
spiny lobster, Panulirus argus Latreille. II.
Pre-ecdysial histological and hisLochemic'al
c ha nges in the he pa to pane reas and l n tegllmen ta i
tissues. BioI. !lui l. 108: 88--Ll2.

1955b. The molting cycle of the spiny
lobster, Panulirus argus Latreille. III.
Physiological changes which occur in the blood
and urine during the normal molting cycle.
BioI. Bull. 109(3): 484-503.

L957. The moILing cycle of the spiny
lobster, Panulirus argus Latreille. IV.
Post-ecdysial histological and histochemical
changes in the he pa topanc reas and integumental
tissues. BioI. Bull. 113: 451-479.

von !luddenbrock, \-I. 1951,. Physiologie der
Decapoden. Tn: Bronn's Tierreieh. IJd. " Abt.
1, Bch. 7, Lfg. 9, 1157-1175. Akademische
Verlagsges., Leipzig.

-96-



-97-

Table 1. Lobsters used in the histopathological survey.

Number

2
3
4
5
Ii

Iii
18
19
21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36

75
81
83
85
87
B8
89
90
91
92

Lobster
area

OBOD

LlE

HW

HE

Stage
patopanereas

H FC

x

x

x
x
x

x
x

x
x

x
x
x

x
x
x
x

x
x

x

x
x

x
x

x

x

x
x
x
x

x
x
x
x

x

H

x
x

x
x
x

x
x

x
x
x

x
x

x
x
x
x
x
x

x

x
x

x
x

x

x
x
x
x
x

x
x

x
x
x

FC H

x
x

x

x
x

x
x

x
x
x

x
x
x

x
x
x
x
x

x

x
x

x
x

x

x
x
x
x
x

x
x

x
x
x

FC

Cd In he pa to­
pane reas (~g/g
wet weight)

93
94
95 a

9fi
97
98

a

99
100a
101<1
102<1
103 a
104

il

105

106 a

107
108

a

109
110
III
li2
11 oJ"
[[I, "

115
116
117
118
119

LlW

L3F

C-Do

C

Do
C
C-Do
C
Do

C

C

c

C

C-Do
C

x
x
x

x

x

x
x
x
x
x
x

x

x

x
x

x

x
x
x
x
x( '?)

x
x
x
x
x
x

x
x
x
x
x

x
x

x

x
x
x

x
x
x

x
x

x
x
x

x
x

x

x

x
x

x
x
x

x

x

x

x

x
x
x
x

x
x
x
x
x

x
x

x
x
x
x

x
x

x

x

x

x
x

x
x
x
x

x
x
x

x
x
x
x

x
x
x
x
x
x
x

x

x

x
x
x
x

x
x
x

x
x

x
x

x
x
x
x
x
x
x
x
x

304

243

304
329

54
101,
336

7.50

9.93
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Tab1 e l. (eont'd)

---------

TIssue Cd In he pa to-
Lobster He pa to pane reas Gill Green gland pane reas (~g/g

Num ber area Stage H FC H FC H FC wet weIght)

120 x
121 x
122 x
123 C-Do x

124a HH C x 333
125a Co x 222
126 x
127 x
128 x
129 x
110 x
111 x
112 a C-Do x 47.6
133 x

134 LlH x
11 Sa x 7.88
136 x
117 x
118 x
1J9 x
140 x
141 x
11,2 x

11+3 liE x
144 x
145a C-Do x llO
146 x
147 x
1483 x 10.2
11+9 x
150 x

151 x
152 3 x 25.8
153 3 x 43.9
1563 x 154

223 L6E x x x x
224 x x 0 x
2263 C-Do x x x x x 50.9
227 x x x x
2283 C X X X X x 6.12
229 x x 0 x
2303 C X X X X x 16.3
231 3 C X X X X x 21.9
232 3 C-Do x x x x x
233 x x x x 26.4

242 LlH x x x x
243 x x x x



x - Tissues fixed and processed
H - Helly's fixative
CF - formal calcium fixative

Areas: LIW
L3E
HW
LIE
OBOD
HE
L6E
NICAllO

I mi west of Belledune Harbour
- 3 mi east of Belleclune Harbour
- harbour west, inside harbour
- I mi east of Belledune Harbour

outside harbour, opposite dock
- ha rbour eas t) ins i de ha rbOlir
- 6 mi east of Belledune Harhour
- Nigadoo, N. B.

aSamples which were compared in a hI ind study to at tempt to discover if
there was a correlation between Cd levels in the lll'patopancreas and any
histopathological findings in these animals.
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Fig. 1. A photomicrograph of a transverse section of several tubules of the
hepatopancreas of lobster #103, fixed in Helly's fluid, sectioned at 5~ and
stained with haematoxylin and eosin. The tubules are shown sectioned at
different levels. Some consist mostly of absorptive cells (A), tall columnar
cells with a basal nucleus and a striated border facing the lumen. Others are
mostly secretory cells (5), also with basal nuclei, but large secretory
vacuoles. Some tubules were sectioned in the transition zone and both secretory
and absorptive cells are present. The Cd level in this lobster was 104 ppm.
lbere is no evidence of tissue damage; magnification 160x.

Fig. 2. A photomicrograph of the heparopancTeas of lobster #232, in the early
premolt stage. A tubule is seen sectioned transversely through the absorptive
cell region and many small vacuoles are evident containing calcospherites
(Arrows). Tlw calcospherites are also evident in an adjacent oblique section of
a tubule. Loose connective tissue is present between the tubules (C). The Cd
level in the hepatopancreas of this lobster was 26.4 ppm (Helly's fixative, H
and E stain; magnification 250x).
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Fig. 3. A photomicrograph of transversp sections of tubules of the hepato­
pancreas of lobster 1/251 (Cd level 5.6 ppm). Tubules are sectioned at proximal
end near he pa topanc reas due t. Cells are at rophying and nuclei are pycnotic (N).
Lumen is filled with granular material; magnification l60x.

Fig. 4. A photomicrograph of the hepatopanereas tubules of lobster 11230, Cd
level 16.3 ppm. Tubules are cut obliquely and transition from embryonic cells
(E) to absorpt i ve cells (A) to sec retory cells (S) is seen. Lobster is in
intermolt C stage and no calcospherites are visible (Relly's fixative, Rand E
stain; magnification l60x).
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Fig. 5. Photomicrograph of green gland labyrinth of lobster 11230. The
epil:helial cells (E) of the tubules are short columnar to cuboidal, with large
central nuclei (N). Vacuoles (V) are present at apex of cells, discharging
their contents into the llllnen of the tubule. Chromatin granules in nuclei are
dispersed. Blood cells (H) are present between epithelial cell layers. Cd
level of hepatopancreas of this lobster was 16.3 ppm (Helly's fixative, Hand E
stain; magnification 61,Ox).

6. Photomicrograph of green gland labyrinth of lobster 1195, Cd level in
hepatopancreas 301+ ppm. Blood cells (H) are seen between epithelial cell (E)
layers of tubules. Normal central nuclei are seen in epithelial cells; some
celLs are sc,creting vacuolar contents into lumen. There is no evident membrane
or other cellnlar damage apparent which might have been produced by Cd;
magnification 160x.
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Fig. 7. Transverse section of lobster gill. The gill filament is covered with
a thin layer of chItin (CH). Below this layer lie t\vO blood vessels, afferent
vessel (A) and efferent vessel (B) enclosed by an epithelial layer of cells (E)
and separated by a eonnective tissue septum (CT). This lobster is 11250 and
conta ined 12.2 ppm Cd in Its hepatopancreas; magnIfIcation 160x.
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