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GEOGRAPHICAL DISTRIBUTION OF CADMIUM fu~D ARSENIC l

IN LOBSTER DIGESTIVE GLAND (HEPATOPfu~CREAS)
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Cadmium levels were determined in the edible portions of lobsters from
selected areas picked to sample the bulk of the lobster fishery in the four
Atlantic provinces of Canada. Most of the cadmium in the lobster was in the
digestive gland which is used for lob~ter paste and ranged from 2.82 to 16.73
ppm while~muscle levels w~re less-than 1.0 ppm. ~ Calculated cadmium levels in
the totäl edible portion ranged from 0.51 to 2.98 ppm. It was thought that
most of the cadmium was of geologie origin.
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Arsenie levels ranged from 1.04 to 37.29 ppm in flesh surveyed but in
dications are that the arsenic is present in a relatively non-taxie form.

Arsenic levels in lobster digestive gland ranged from 6.61 ppm from speei
mens obtained from Gaspe, P.Q. to 16.2 ppm-in speeimens obtained from Sambro,
N.S. Little of the arsenie is pr~~ent as inorganie taxie arsenie.

iud
Thünen



2.

INTRODUCTION

,Cadmium, a \\Ihi te. metal used in. a variety :of industrial applications, especially
electroplating is': an.:'extremely .toxic: element ,.' be.lieved by some toxicologists to. be _':".1

as· toxic .as methyl mercury(l);, Shellfish' are .. knovm to. be potent ,concentrators-of:.. !' .

.. metal ÜOllS . ..:. This.. e.f..fect is potentially serious., both to the survival of the~animal;. _
i 'i~self, .~ as a.speties and also; tO'mankind in_his use of she~lxish as foodstuff.

Areas in which., levels' of cadmium above averag:e. are being added. to the watershed~~ -"l

either geologically or through man's activities are to be carefully discovered and
monitored.

, .PreliminarY' studies by the. Inspection Se:ry.ice of Environment Canada showed .• "~
that canned lobster paste (made. up of digestive gland and lobster roe mainly) 'could
contain levels of cadmium in a parts per million range. The Halifax Laboratory was
called in.to_~tudy this problem indepth. One part of this study dealt with the
geographical distribution of cadmium in lobsters'and is reported~on in this paper~ .

. ...

MATERIAL fu~D ~ffiTHODS

Sample Collection--

The existence of high arsenic levels in certain fish and shellfish has been
known for many years and levels of 25ppm are not uncommon. Ear1y studies by
Coulson et al~(2) showed that the arsenic present in shrimp is in a chemical com-

. bination which causes injested arsenic-from shrimp to be rapidly excreted in the~·- "~.-:

urine.:and_ thexefore_is ~elatively" non-toxic;. Recent- work by- Lunde (3) suggests _ "__.'
. ,- .:.- ·-:thatnot ·onLy:.--a_'lariety of compounds of arsenic~exists in marine organisms but that --_:" -::

.':':::::;: _-PQtential~-toxic-inorganic arsenic mi-ght..:also....-be present.- A pr.eliminary.survey. .of_....:: ""'.:
.~ - arsenic evets in marine.species and a geographical distribution.of arsenic.will

be reported here.

LQb.s-ters. (4o.0-700g)- each were purchased live. Each sample was composed ideally-.-.'
of- thirteen males ancL..;t-mrteen females and were picked from traps within an area_of _
about 15 kiLometers. .Wei.ght., length and ."sex of each. animal was recorded. and the ..
totaL digestive- gLand. removed. 'The crusher- claw.. and. the taiL sect;.iorr we:Fe- also kep.t~

All samples were frozen over dry ice for transport to the laboratory. Tn the lab,
thfr claw and tail we~ steamed, the muscle removed and frozen until homogenized and
analyzed. The digestive gland·wa lLomogeniied by~h.and kneading.in.a plastic'bag prior
to analysis.

Total Arsenic Analysis -

The total arsenic contents of the samples were determined by the wet ash method.
of Uthe et al (4) using the reduction system described by Freeman and Uthe- (5). The

- .__ method involves digestion of the tissue (0.2 - 0.5 gm) in nitric acid (5 ml) in the
presence of vanaduim pentoxide followed by fuming with sulfuric -acid (10 ml) for 2
hrs to reconvert all forms of arsenic to inorganic arsenic. Conversion of inorganic
_arsenicto arsine:for_atQmic abso~tion spectrophotometry was carried.out by_the ...
method of Fernandez and Manning (6). .__ ..

Total Cadmium -

1·--.. Cadmium '~as dete.rmined in acid (5 ml H2S04 _' HN03; . 4 ",1 , v/v) digests of tissue
__ .. (0. 2 .-T~ 0·. 5_~g~)-by .::a-temic abs_orption spectrophotometry using a graphi te- furnace .
. - __ ' .=-_C~dmium level-s- were. calculated using-·t-he_me.t-h:od..:0f ·?ddi tions a-ft·er this method··was .~ _. :- -

.. ~ho~n tq givß .. results.equivalant_to extraction of-the cadmium as a chelate into
organic solvents. The standard curve was linear between 0.01 and 0.2 ng Cd. -

RESULTS AND DISCUSSION

I '

-- --_._-

The ..-lobster coll-ection si tes are shown in Figures land 2.,. and were selected.
-in'areas to sample the bulk of the lobster fishery .. Preliminary analysis of a few
of the-' sampling sites .showed that .. essentiaUy-no' difference 'in cadmium or arsenic - .-~. _..~
levels existed between sexes. The distribution of cadmium levels within a sample
from a site was distributed log normallyon the basis of probit plots. In a like
manner-arsenic was 'normally distributed. For this reason all mean cadmium levels
and-standard deviations were calculated from log individual sample values. Arsenic_
means and_.standard deYiations wer.e calculated in......:the usual -manne~ Mean cadmium
levels-are sho\Yn'in-Table 1 along with standard deviations and range of values found;
Means range from 2.82 ppm Cd to a high of 16.73 with many of the areas (12/24) having
mean levels in excess" of 10 ppm: These are very high levels of cadmium for a food-
stuff. Levels in other foodstuff are generally below 1 part per million. The high-

.. esLmean v...alues_ far. cadmium were faund in lobsters. taken fram .the north side of Prince ..
Edward Island within the Gulf of St. Lawrence. The question of how much of this

,cadmium iS7present as a·result of industrialization cannot easily. be answered. Non~

industriali'zed areas, away- Erom- sites of known St'. ~Lawrence Rivel' deposition gave - ..
higbesL values whiLe.:::areas_ of deposition and industrialization ..(6haleur Bay)' gave
relat-ively- loW>,:value\S.;;.'.:'· It, i·s~.likelY',tl1at· the majority of the"cad.mium is geolog:tca'~1-;""
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";:;.-.::·t~·.~:J~~> elcctroplating;is.thn':extteme1y.~,toxic:.eH~ment.,::believed, by.: some:':'toxicologists~ totbe;:;~~ti': ...~. i
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CS·· wad":·3.ti:tstilf.a~r.~tiisJn.l speCics~ ana~ a1sb~tcii'mankirld)lint his; us e ~ ofJshe 1.1 fish::ias llfooastuffi~~.:tdBnm
~:.. ~.·'=i::,;;-=:Arcas.·in:which:rlcvel s:-of; cadmium:above7-'avcrage.:-arc::being:added;-;to the ~watershed..~ ...~....f*.:±;":-:;t
•...~.; .';';;;.",;.:cither. geologically.:or;.through;man! s-:activities.::are::to:be:carefully. discovered';':lnd;::,.::v~c::::

r.:onitored. . ..-. . . . ..' .. -.' '...' . \" ".~ ...
~"'--.:: ;.;.~•.. ;~~-'::-::":PreliminarY':studies: by:. the:~:Inspection SerYicc·of· Environmi:mt'.~Camida showed '~';~=:i=i:\":-'7:

".':~'~':- -::~::!=that·canned::lobster:pastc,,: (made:up' of:digestive·. gland·. and'lobster'roe :mainly) :could~"ec::':.:~".:.

-.:' '.. ~ :.' contain:::.lcvels: of:cadmium in: a parts:pc'r .million -range. "The Halifax LaboratorY':'\'las.:.:::::.:·_,::~::.
•.. i ! .-~., '.:called ~in_to~study;:this problem:indepth; ",Onc:part ·.of:this, study-dea1 t \-li th the;:,~"'2..'~ :..'; '''..:.:u

':-'-:gcographical'-distribution of: cadmium' in"lobsters-and- is -reported:on .in this-paper';:::: ::':'~": :-::~.

: The existence of high arsenic ,levels in certain fish and shellfish has been.· , .. . .
.__-:.=,,_:,·.;;~knmm_f~r.:many years·.and::levels .of, 2Sppm:.are_not ·uncommon.. Early. studies by .::':-' '.-=:-":::;:.;=.:.::::;'::
""' .. :_-_~' Cou1son:!U a1.,(2) ·showed that the' arsenic.present inshrimp.is ..in a chemica1com---: .::: ..:.~ :.:
. -:"-. :.=-.:-::-:.:bination :which:causes:injested:arsenic:--from: shrimp: to .be: rapid1y::excreted: in:the:.-.:::.. "::~::.::::.::::

.~~-::":'~-=-.urine::and~therefore::is' relatively.=non-toxic; :::;: Recent-: work.:by-- Lunde'':' (3):: suggestsz_'-=l~::rr:;~~7.
:.:=.:.::=::::.:.that=not~only=a:'variety..:of.:compounds·=of..:arsenic~exists:in·;marine:.organisms:butthat_;::::..:r:::::
::.:::::::::..-=-==patcntially..::toxic::inorganic;arsenic:'might.=alsa=be:present-;;:.::.A;;pre1iminary::survey.::of.;.±;:~rt":::

,~-=~~~-=arsenic:=levels=im:marine~species-:and~a:geographical::distributioncof·:arsenic~willi.--i.-.:~~:!:r,::,::,.~
I • .. ,

i . - .;'. be reported here .. : ...>••- ...;-~ '. :".- ". ':':':.~;::;"':=:'!" c:~r.."'_. .... .... . Ge.:-~.i)ortcu n~:"C
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:T:'~~:t'~s{m~ppC12~e:;c\CO:~·;l~::l·~~e·~:c~:~t':;~~~.'r':',:~:,~,::;~nIAt,:~fi:~D~;:L~.·.~~~~1'·-:'~{~.·~.•,·,C •••;'_~_L::~.:~_L~~:~~~
....:-:-- ••: ....... ~ ("J,. ... -0. -~ ~ .-;,,_--. "~.'_.~.' .~.. .'. - .. ~__ ... _~.~""_- ... ~.~: . _

,~~~, :.,;.;~ :'.:~~~~~~:.~,;.,~'Lobs:t~ci ~(,r~0~700~') : e:a-~h :\ie'~~ ~urchised:'iiv'e;-~:Each~-S~P'l~':~~'~~ :.~oniP~~~d: icieal1;;~~:;-.3
:-_..:.;:::.-.::;,::;-:.:.:o·f-.:thirte'en ..males.·und.::.thirteen.:feniäles·:·and_\",jere~picked. from·,.traps .ldthin.:än:-area_of::.::;=.::::.~

I'~; .,;'... :..:- ahout:15 ki1ome~·ers.~...::\~ei~t::: lengt?--'äild -~iij:-o~~.ea~::ani~af }-las record.e(ti~d: ..tl1e :.~ -~~ .._-...:-~
I :~.'~~::;::.~::.: ~ '~tota~- digesti:ve-: gland:rer.1oved~~·The·;crusher claw.':und.:.the·. tai!:- s~c.t~on~~ere;a1~o·.kep~;:::..:~:i..;:~ <
:;:.- All samples.were,.frozen 'over·drjr.ice fortransport_tothelaboratory.: Inthe.lab;:: •. ·: ":.-',
,.. ,: :~ :--- .:. the· claw:and-.t<lil l';ere-'stea~ed, ·the mtiscl~ icmoved .und fro,zen-::,unt.i1. homogenized:.and:-:.-. :.:~.'~.-~:

:'..: .: ..... , . analyz·ed•. : TJ1~·d.iges~i~e... gln.nd~w~s-:-.l~clll~ogez:i~ed·. b~-:',~~d:}(n~ad~:rrg;'il1:: a~ plästic~b~g;prior··,;,~··."
~. to analysis. . .

'.:~ ·:·... Tota·~:Arserii~~aly~is --: ." .~.... ' .." ~.:-:: ..;.:_..,.:';',':'::-.":-- .:.-:::~ ..:{'<~~:':.\-::::..:-:.-::

...... ,". -"-'~.'·::'~'<;:'_' __ H.~ :'.lt _.;~ '.-.~:~~'_'<::-:: ".:, :.:, ~~.~.~:,,~ ,..:, ':.~':" .' ~ .. :._~.:;~:; '.V., '~~":'.~~~':.:, ;' ~_.a : "~~" •. : .. _ . a~;·,~, .• ' ~-~•

. . . . ,', The. to~al ·arsenic. contents ..of ~ the' sampies were determl.n~d~by the \~er~ ash~method__ . . ~
'.~.:.:..:..• of.Uthe,.et iJ.L(4) usingthereductiori ·system.described by Freeman: and Uthe- (5)., :.The· :" ....

! ... ..,:;. .:... .. -'imethod. involvcs. digestion. of.'.the.tissue:,,(O. 2:':' ~O.S gm) - in'. ni tric :acid "(Sml) in the":"~:":...·._.'-_'··
i ---- -presence 'of vanaduim'pentoxide'-foUo\-led'by fuming 'vith su1furic-acid' (10 ml)-for-2----'- '-:--
~ ....._ .__ .hrs. to;reconvert.all· forms ..of arsenic .. to:inorganic arsenic. Conversion of inorganic_,'_ ..,,_·.
'--~.z~·~:arsenic:::.to~arsine:.:for.:atomic_absorPtion.spec·trophotometry-"was:carried:out: by.:::the.=::.=....~-·-::;:.
".r..:c,·:...:::: •• <.·.method of Fernandez.and ~1n.nning.(6). .._. .. ~ :;..,~-=.:-:"~.':: .....·: .• ,;. .. ;n.::;:;:.;.·..,l. .. c;;;.:-.::.:-:i::.i.:

Total Cadmium

::-=.:::.:,-.z':"i.;'::'" ~·::":.~Cadmium ~~as~determined. in .acid: (S-:m1·;H2S01f .;.-::: HN03;,-:-4 ;;l;~':' v/v) :::digests'~of:tisstie:l.:.:::';·:.. ~·5-~.·..G
~ "..:...:..:-..;...::,(0 ~2.-=.:;O~ S.:g)=by_atomi'c",absorption_5pectrophotometry_using. a~ graph'ite;furnace .~.:.:..~,::'-::'.'::.:;;:;..=...;.:;~.~
~~~~~C:ldmium:levelS-:'-ler.e.:.calculated:using-:-th~.::JIlethod.;,of:i:lddit'ions·.:after=-this;-method~:was~ti:~~.;:·':.':

:;:~=~<":-:...:::s.ho'l.m·tQ:give::resu1 ts;: equiva1ent:::.to :extraction::of::the.' cadmium~-as:::i:chelate::ifit(j:' .:.:=----=:::~~'
;:-·.:-.- -==_organicsolvents~:::·The.standard. curvewas ·linear between 0.01' and.0.2 ng.Cd. _::•• .:..... , 'f'J.:'· :· ... :..t ..
I
1 •
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ao .: __.~ _ ...... .. ...._,_ RESULTS AND DISCUSSION

I
L--~-- .............--__•...,.-..•_~=_L~_~_.....;..__~~_.:......:._~:...--:...-:...__'__..:.-·:.:-:..:..·..;.:.:..-=...:~:...-_

::.-=:--::::-::::. =.=:::::::. ~The::iobster :collection.::sites· are shown -in:Figures:'l::- and:2;:::and: ''lere selectedi:..... :.:-:~"==".
~:' -:....: .-; dn.~areri.s -.to-'-samp1e -the' bulk· of' the -lohster fishery< . Preliminary::analysis-of::i,:,fel'F -"'.::-:-"':-:-"'..
~·:.-::·~~::::of:.the-:-sampling:--sites-,shO\'led: that-:-essentially.-no-difference)in~cadmium·or 'arsenic~-~~=-:",:"':~

........-.. -." . levels' existed'bet\'leen sexes .. The~distribution·of·cadmium. levels 'within .a sampie' ... --:..: ':::': -
:-::: '::::'-;:"~"from:a; site:lvas. distributed log normallyon' the -basis of probit.:plots·~·-:In" a -like ;,; .. ':-.'.'
:.~~=: .'-.: ;:-. manner-arsenic:'\'las-normally ,distributed. -: For' this '.reason a11 'mean"cadmium levels""":-"""-: ":::"
_.. _'. ;....::.:..;.-:.• ancLstandard. deviations. were. ca1culated. fr.om log .individua1_sample_values ~ .. -Arsenic.:..-..:..::.......::-_.
:-::::.====- .. means=and::s tandard .. dcviations:J'lere: calcu1 ated.:in:.:.the. usual._mann~:':~~Iean.; cadmium" ~::=.:.::.=.:-.=.::;;:
. 0._ ': levels -::-are 7shO\m-in~"Table-l- along'with standard :deviations and' range' of values"found; -;... :-:

.Means·range from 2.82 ppm Cd to a high of 16.73 lvithmany of the'areas (12/24)'having
mean levels in excess' of 10 ·ppm; These· are. very "high levels of cadmium for a food-'·· .
stuff~ Levels in other foodstuff are generally below I part per' million. TIle high-

___._csLmean.v..n.1ues_ for_cadmium.\vereJound. in lobsters~taken. from-the. north-side-of_Prince __'__ .
I Ed\'lard Island within the Gulf of St. Lawrence. The question of how much of this

[
' :'1;.';r;.;.._;;Jsl t ~admium-:-is:?resent:. as .. alxc.sul t~ of~ industrialization"can.not~ea~ily:.be"an~w~red: d Non-:~:?=co:;.~~

:::: j.':-. ".-::-: :mdustrla11zed.,.-areas ;~: away-.from' 51.tes:,of:: known·. St,..~Lawrence. Rlver. depos1tlon·.gave:-~;-:';';.::~':;.:-::::

il;l'=..':'::ll~.;highe~tl.values l'lhi:lcr-nr.eas:.?f.. d~position;undl indt:tst~ializatiom:(Ch~leu::Bay) !·g~:,e~'!.:x.~.~~~ H:
....:~ •.1 c -c.~~relat~vel~ low:values:;;-:y It:: 1s~,11.kelYl.,th<ltsthe.:-maJor1.ty.:of. theu:adnll.UDl 15.' geolog1.catt::i-'1:..:.n~~,

.••..• ~ •. _..... --~:<~.•::: :-,:,' •.~.:~.-- -_ •.~--
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in na"t.. and resul ts from erosion. There many knowTI eposi ts of cadmium contain
ng or~, such as zinc ores, and the fish~n some of the areas studied are direct~y

.ffect~d by the mine effluents.
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Figure 1 - Location of lobster sampling
sites in Newfoundland.
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TABLE -1. MCA I CDMIUM COllCJNT ATION IN lOBSTER -DIGESTIVE
GLA.Q .CUG C~/G WET WEIGHT) FROM VARIOUS AREAS
11' THE CANADIAN LOBSTER FISHERY.

SAMPLE SITE N* CADMIU I LEVEL ~ STANDARD DEVIATES RANGE

NEWFOUNDLAND
ARNOLD'S COVE
BRITANNIA
COMFORT COVE
LARK HARBOUR
PORT AUX BASQUES
BAY L'ARGENT

50
20
21
25
27
26

8,82~1.96

12.63~1.61

2.82~1.42

10.89~1.66

. 10. 70±-1.71
lO.83~1.46

2.5 -48.9
4,8 -30.3
1.7 - 6.9
3.8 -33.6
4.3 -45.0
4.6 -20.2

NEW BRUNSWICK
GASPE (QUEBEC)
CHALEUR BAY 
SHIPP~GAN

NEGUAC
RICHIBUCTO
TORMENTINE
GRAND MANAN

26
26

. 26-
- -- 26

24
26

lO,53~2.15

4. 30±1. 59
3.79+1.68
4.72~1 ..46
6.2o±1.53

10.90+1.53
6. 93±lL98

4.2 -46.7
1.8 -10.7 . -~,

1.6 -11.3
2.5- -28.. 7 
3.8'-14.4=
4.1 -22.4 
2.6 -31.5 .

PRINCE EDWARD ISLAND
TIGNISH
FRENCH RIVER
NORTH LAKE

25
26
24

14.03~1.66

11. 95+-2 .15
16.73~1.74

5.5 -37.8
2.3 -48.2 -

p_. -

7.2 -53.4

NOVA SCOTIA
3.7 -79.1 -
2.1 -36.3
4.9 -47.2
3.2 -31.7
2.4 -20.0 --
2.0 -18.0
1.3 -16.7
5.2 -21.4
2.9 -15.4 ~

14.36~2.03

- 9.14±2.23
12.58~1.75

7.87+1.76
6.53+1.94
8.03±1.60
5.19±1.75

10.68+1.09
6.50±2.02

26
23
26
25
26
25
26
20
26

PICTOU
CHETICAMP
MAIN ADIEU
ARICHAT
TANGIER
SAMBRO
LIVERPOOL
PUBNICO
DIGBY

* NUMBER SAMPLED



TAßlE 2, AVERAGE CADMIUM CON~ENT IN LOBSTER EDIBLE-- .

_PORTION ASSUMING 98% OF THE CADMIUM IS IN
T~E DJGESTIVE GlAND AND THE LOBSTER DRESSES
AT 30% INCLUDING DIGESTIVE GLAND.

SA~lPlE SITE TOTAL AV. DIGESTIVE GLAND AV. Cn/EDIBLE
AV. HT, (G) HEIGHT (G) PORTION (UG/G)



TABLE 3. ARSEN ICLEVELS (UG As/6 \/ET HE U;HT)
IN AVARIETY OF MARINE SPECIES.

SA~lPLE ARSENIC CONTENT

TABLE 4. GEOGR~PHICAL DISTRIBUTION OF ARSENIC
IN LOBSTER DIGESTIVE GLAND (UG As/G
WET HEIGHT).

2,70±0.20
3.75±O,02
6.67±0.11
4.55+0.02
4.95±0.16
5.94+0.99

37.29+0.49-
. .

34.02±0.25
13.12+0.19
1.04±0.08
l,26±0.0&-

WHOLE CLAMS
COD MUSCLE
HADDOCK MUSCLE
HAll BUT MUSCLE
LOBSTER TAIL MUSCLE

- LOBSTER HEPATOPANCREAS
SHRIMP MUSCLE -
SKATE t<1USCLE-- - _
SOLE MUSCLE _
SWORDFISH MUSCLE ~

BROOK TROUT_MUSCLE

---_.- ..

-- _. --- ---

SAMPtING S-ITE N* ARSENIC CONTENT
-,--~. - - --

I-~------

.. ~ ..-
GASPE) QUE.
ARNOLD' S COVE)- NFÜL

. . ..

FRENCH RIVER r ~.EJI.

MAIN ADIEU) N.S.
AR I CHAT) N. S; ~

TANGIER) N.S.
SAMBRO) N. S·. '-

26
47
26
26
25
26
25

6.61+2.38
9.57+2.53.
5.94±0.99
8.71+2.73

10.56+2.84
11.54±3.78
16.20+4.47

* NUMBER SAMPLED

-.


