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In 1951 several experiments on self-cleansing of soft_.~r:~~~~~s~hh~hrE:H~~~i:h~~~~~~E~:~;~~r~~:~;
are described in)lanuscriptReport of the Biological Stations
No. 1+40 (Fi.h. Res. Bd.Can.). Theresultsshowedthetunder
certain condition. heavily sewage-polluted clams cleanse them­
selves. This encouraged bellef that inexpensive handling methods
could be developed thatvouldpermit cleansing of large volumes of
clams to such an extent that theyvould be 1'1t for consumption.

There are considerable stocks of polluted clams in the

~~~;:so~an i~us~~ta~ ~~a~~u~~ ~;:~:~e~~~h~;tt~~~: ~~U;~ebe
pUbl1chealth.

(1) The income to the clamindustr:ywould be increased.

(2) The removal of dense stocks now growing in contaminated
areas would toagreatextent el1minatethehealthhezardthatcl"",s
"bootlegged" from these sources now represent 0

AfterareviewofReportNo.1+40inMarch1952,theInter­
departmentalShell1'1shCommitteerecommendedfurtherco-operative
investigation designed to improve ourunder:lltanding of the cleansing

~i~~e~~tsa~~ ~~~:~elO~h~Ss~;~~~:n~m~~~; ~;:~t;~e~o:e;;~i~-
participation by four different agencies as the title page shows.
TheworkwasalldoneintheSt.Andrews,N.B.,area.

Inve.tigations by the Fish Inspection Laborator:ycovered
the periods April 4 to 29, July 1 to August 6, September 15 to 30
and OCtober 31 to November 3; by the Laboratory of Hygiene, April
28 to June 30 and by the Public Health Engineering Division, September
8 to 10. The Fisherie. Resaarch Board investigators vere active
tllroughout thi. period not onlyvith the work they did and reported
on more or less 1ndependentlybut al.o in assisting the investigators

~f~t~~~~i~~~~a~:~~H~~:~;~~~~~eh~:~~:~=:~:~!~::~t~~o~m;ing
~~n~~;h~~~o;~~ the compilation, editing, production and distribution



Inedltingthereportthepaglnetionandtableandflgure
numberlng has been made sequentlal throughout. It ls bel1eved that
thiswl11avoldthecontuslonareadermightencounteriftherewere,
say,threedifferenttablel'slnthereport. For the same reason,
the numbers of f1gures have been made to conform wlth those of the
tableswhosedatatheyl11ustrate. Infollowlngthlsconventlon
some.f1gureandtablenumbersaresk1ppedover, e.g. there are no
f1guresnumbered8toll(incluslve).

It ls bel1eved that the efforh of the several persons
Involvedlnthesestudleshaveimprovedourunderstandlngofthe
clellnsingprocess Inan important way and shown the feaslb1l1ty of
1ndustr1alappl1cationoftheprinc1pleslnvolved.

It would be wrong to close this section w1thout a state­
mentoftheeditor'sapprec1at1onoftheamicablerelationshehas
hadwlthallthosewhopartic1patedintheworkandofhispralse
for the1r 1nterest andself-sacr1f1cingly1ndustrlous efforts in
conductingthe1rprograms.



DESIGN AND OPEHATION OFA CLAM-CLEANSING CAR

to be expo;~d'~~~O::;~~a~~::;r~;~i~;Z~I~i:a~fw~~;;ui~~~;~s are
cloan.ing,.omeholdingdoviceisrequiredtomaintainthemthere
and some regular schemo of handling must be followed to make use
of it. Last year's work (Kullanetal1952) showed that half­
bushelwoodenhodsofthetypeusedinHalifaxCounty,N.S.
(Medcofand MacPhall 1952) afford good conditions forclean.ing.
It also shOW'ed that a floating car for holding groups of hods is
preferable to fixed shore installations. Fromthisbeginning
the floating co.r (See text figure) 'lao developed in the spring of
1952 by the F1sherieo Research Board.

Thi. 26-hod model with which we worked was cheaply made
of oeasonedwood to avoid any possible adverse ef.fects that sap or
resin leeching from green wood might have op. clams held in it. It
was large and sturdy enough to be stable in small seas, to bear a
man'sweighteYenwhenitwasfullyloadedwithclamsandtowith­
standthestrainthatcomeswith"grounding-out"intheintertidal
zone in choppy seas as the tide drops. At the same time it was
not too large to be tOW'ed by one man in an oared boat as need
required.

The hods were held at such a level that the clams in them
w~re always submerged when the car was afloat. They were loaded
or unloaded in two tiers from opposite sides by sliding them into or

~~s°fns~~~~~i~~~Vid~dr~~~i~~:'scr~~~d(i"a~e;~) ~~~~;r;r~:~~t;~e
clams from being washed out and a locking bar over the free ends of
the hods prevented them from working out. A special locking device
was added later. Pins dropped through holes in the plank cover
engaged with the 1nner ends and prevented removal of the hods. The
pins were covered and kept in place by a hinged board that cotlld be
locked in position. .

With the great amplitude of the tide in the St. Andrews
area it was found possibla to moor the car in such a position over
a firm part of the beach that a motor truck could be backed dOW'n
toitnt lOW'tideforl,adinganddischarging. This position,
hOW'ever,in{olvedalonginter-tidal,air-exposurepe.-iodforthe
clams being t~e,ted and it was agreed that it was preferable to
moor the f1o~t f'll'ther out so that the air-exposure period during

3~:~t~:~;r:O~d..,Z: ;~~~d t~~nl~~~eo;h~i~~~;~~r~~~rd at high tide

The car wa.' moorad from either or both ends so that the
lo"g axis was parallel to t:o.e tidal currents. This meant that the
water percolated through tho h:Y.ls ,ideways providing what was con­
sidered to be good cor.ditions for ~r.lnging clean water to the animals





-5-
b(,l.ng cle...,sed and for clearing away the products of cleansing. The

~F~~;.:~ft,,~f~:~;~:e~~m:{~~:~~ea~~;;:~~~~~:;~~:t~:~~e:f~:~:emed
passage into or out of the tops of the hods was the screen cover.
The gentleup-and-downmotionofthecar1nthewaves seemed to
produce a r~gular sluicing of the clams without disturbing them
sufficientl~- to interfere with their siphon1ng of water.

)3,1 slcally the design of the car proved satisfactory but some
diff1clll'oieswereencounteredandmodif1catlons.havebeensuggested
toc!rc1.:mventthem. ThehodssometimeSseizedlntheirgrooves.
This difficulty could be overcome by more precise carpentering of
hods 3.nd guide bars or by changing the design of the car to enable
loading and unloading from above. The planked top could easily be
divided into doors hinged downthem1d-line or thereabouts. The hods

~~~~tb~o~n ~;~ ~~a~: ~~e~e~~ ~~:r~~s~~et~?t~~ed~~'a~~~~~e~~~~
~~::±~ ~~: ;~r~"tt~~k~~~n d\~~~U~~;;~~~blewhe.ther such a change

Agooddev1ceforbarr1ngcarsaga1nstthievesm1ghtor
might not benaeded 1nacommerc1al operation because even the best­
constructedcarswouldrequ1reconstantsuperv1s1onbyawatchman.

The use of a car ofth1s k1nd permitt1ng thecleans1ng of

~*~~e~~n~h~r~::g~O~~~;~:r~~n(~~~~~ft~~~ ~:~~h~~i ~52~~eatI~d~:i~ges

f~q~~~~ior~:e~~~t~m~h:~1~;~~;1~~e°int~:n~~:~e~;e~1ggi~1~r~~;i~:~le
thatth1spract1cebeabandonedoneconom1cgroundssoifcleans1ng
ever comes into vogue the 1ntroduction of the use of hods should not
bed1sturb1ngtothoseaffected.



EXPLORATORYEXPERIMENTSINTHESELF-CLEANSINGOFCLAMS(~

~1·)

1. Ob1ectiyes

That portion of the 1952 clam lnvestigation carrled out by
the Flsh InspectlonLaboratory lnco-operatlonwlththel.tlantic
Blologlcal Statlon had three prlnclpal objectlves. The first was
to dlscover whether clams taken from sewage polluted flats and trans-

~~~~~l~~S~O~~~~I~;e~er~;~r~~o~~~rc~~:s:a~~~m~~~;~~C~i~f~:mer
bacterla, as such clams dld under fall condltions ln1951 (I). The
second was to test agalnforthe effect of "dug-age" on the self-
cleanslngofclams. Theth1rdwastoassessagalntheeffect,on
therateofself-cleanslng,ofhose-washlngthepollutedstocks
prlortotransferrlngthemtothecleanslngstatlon.

Inaddltlontothese,theobjectlveslncludedthega1nlng
oflnformaUononthemechan1smofself-cleanslng. Thepractlcal
lmportaneeof suchlnformatlonwas felt to be the l1ght It could
throw on the san1tary slgn1flcanee of the process. The term self-
cleansing, as ordlnarily used, has meant the process by whlch
polluted clams reduce their eol1form bacterlal count to 2400 per

m:~ib:~d:;~~~:~~~E~b:~mH~~~~t~~~~::~~d~ ~c~:~:~Eor
d1.r.eetlyfishedclamsltwasassumedthattherewasamaximum
probableraUobetweenthenumbersofcol1formbacterlaandlntestlnaI
pathogensfoundlnclams,andthattheratiowassuchthatamealof
clams havlng 2400 col1form bacterla per 100 mI. of shell contents
would nevercarrylntesUnalpathogens In suffie1entnumbers to
produce dlsease. If the mechanlsm of self-cleansing of polluted
claJJlswereshowntobesuchthatltwouldreducethenumbersof

~o~~t~~op~~~~e~~a~ot~~ep;:~g:~t~~il~~~t r~~~~ ~~1{~;m~40~here
standard based onth1s ratloare as appl1cableto self-cleansed as
te dlrectly fished clams.

Inthls connectlon It may be well to ackncwledge that there
arejust1flabledoubtsastothesoundnessofthebacterlologlcal
baslsused1nsettingthe24001evel. These are capably dealt
with by Renn et a1 (2) and need net be dlscussed here. Examination



of the basls for selectionofacceptablebacterlologlcal standards
fordlrectlyfishedclams ls not a purpose of this work but examlna­
tlonofthemechanismofself-eleanslngforthepurposeofdlscJVer­
lngvhetherltlssuchthattheedlbllltyofbothself-cleansed
and dlrectly-fishedclams can rlghtly be Judged by the same
standards, ls among the purposes ofthlswork.

It ls true that suchcomparabllltyls already assumed by
those governments whose public health regulations permlt the market­
lng of self-cleansed shell!1sh. Moreover there have been no
reported cases ofdlsease traceable to the consumptlonof such
shellfishlnthereglonssogoverned. TheCanadlanhealthregu­
lations have for some years permltted the marketing of oysters
cleansed by the re-laylngmethod and the consumption of these has
never been reported to have caused dlsease. AccordlngtoDodgson
(5)andSharwood(lO)theBrltishrecordsshownocasesofintestinal
dlseasetraceabletotheconsumptionofself-cleansedmussels.
Sll'l1larlytheAmerlcanrecordsshownoevldenceofdlseasehavlng
been borne by self-cleansed clams. Neverthelessexperimental
evldence eltherfor or agalnst the bacterlologlcal comparabllity
ofself-cleansedanddlrectly-dugclamswouldasslstinremovlng
someoftheuncertalntycharacterlsticofpresentdayshell!1sh
bacterlology.

In seeklngsuchevldencethere are certalnapproaches whlch
suggest themselves. Onels the quantltative testing for lntestinal
pathogensdurlngself-cleanslngofpollutedclams. Anotherls
laboratorycomparlsonstudlesofmultipllcatlonandsurvlvalof
dlfferentsewagebacterlaunderenvlronmentalconditlonsexlsting
lnclams. Yetanotherlsthecarrylngoutofexperlmentsdesigned
to reveal lnformatlonontherelationship betweentheclam's
physlologlcalmechanlsmsandself-cleanslng. Because of the tlme­
consumingtechnlquesrequlredfortheldent1flcatlonandcountingc:J:1rteS;1n.
alpathogensthe !1rst tvo approaches are impractlcablelnfleld
exper:ll!lents. Thethirdapproachlstheonemosteasllylncorporated
lna program of fleld work, and ls the one used lnthe experiments
herelnreported.

Itmaybewelltoconslderatthispolnttheposslble
slgnl:lcancecerta:!.nkindsofbacterlologlcallnformatlonthat
m1g~.t be sought, would have in our thinklng about the general
problem of protecting the public health.

(1) If the reductlonlncollformbacterlalcountswere shown to
be brought ebout by tha action of bacterlophages or some other
bacterlocldalagentoregentsspeclflcformembersofthecoliform
groupofbacterla,therewouldbenoguaranteethataparallel
reductlonofsowagebornepathogenlcbacterlatakesplace.

(2) On the other hand, If the reduction of coliform bacterla were
shown to be brought about by the lnabllity of these"bacterla to
compete with other specles o' "~he flora under the condltions of
teIllperetureandsellnltyexlstinelntheclamsatthetimeof



self-cleansing it would be reasonable to assume parallel reductions
1nthecountsofotherbacter1asuchas1ntestinalpathogenshav1ng
~~~u;~e environmental requirement as bacteria of the col1form.

0) S1mllarly 1f the mechanism ofcol1formbacter1al reduction
were shown to be one of physical removal of these bacteria through
the action of water and food passing through the clam, the mechanism
could be rel1ed upon to carry off equal fractions of all sections
of the bacterial population.

(1+) Phys1olog1cal1nformationastotheclan1sfeed1ng,d1gesting
and excreting processes could not fall to throw some l1ght on the
mechanisms responsible for self-cleansing. Some information of this
sort can be obtained from biological l1terature.

In the time avallable for the 1952 clam cleansing 1nvest1­
gat10n only a portion of the desired information could be sought.
Enough was learned to just1!yadvanc1ng an hypothesis as to the .
mechanism of self-cleansing. The hypothesis is dealt with in the
f1nalsect1onofth1sreport.

2. lilotmentofT1me

The month ofJ.prll was devoted chiefly to investigating

~~e~;e~~sS~~d;~~ycf:1~e~~~~~1:~e~n~~:':~:~~~~lt~s~ostIt
proved necessary to spend considerable time ascertaining the suita­
bllity of the Holt's Point area for the location of a clam cleansing
station. Periods in early August and late September were employed
for the necessary bacteriological surveys of this area.

3.~

It is worthwhile to review the methods with the purpose
of ascerta1n1ng their efficacy in yielding conclusive results.
Since most of the results are concerned with differences between
d1fferentlotsqfclamsasregardsthe1rcontainednumberofcol1-

=e~a~~~r;~: O~,a~~ee~~~:;e~h~~l~e:sd~~e~~~1~~st~~s~l::obable

:;;n~~1nw:' b~~~e~~~io~~~~b~~a~~~~ro~e;~~lf~~~.itS

(a)~~-Eachclamsampleanalysedcons1sted
of twelve clams ranging in overall length from two to four inches.
In the work carried out prior to July1952, sufficient clams were
used from each of these samples to make IOOml. of shell contents.

~~~~~Ob~~d:~s1nd;I~~~~";1~~e~g~r~~d0;0s~~r;~~o;~l,,;a~~rh~he
practice recommended by the U. S.Publ1cHealthServ1ce (1+). After



J\llylst,1952,thetYelveclamsofeachsampleYereshuckedintoa

;;~~~~~r:;e~~~:~~d:he~~~ ~:;~ti~~~~;~~~s~~nte;~ ~;a~:snythe
manipulated as its dlluted predecessor had been, a possible source

~im:~meJ:n th~h~i;:~)o~a~i~~~:ie~la:~dc~~~rl~~~~ur~irectlY
their effects on the results, yas kept constant. Considering
the likelihood of 1ndividualvariation among the clams, this uniformity
in numbers ofclamsYas felt to be more important than uniformity in
V<llume of shell contents. Moreover the change in method obviated
the frequent necessity of using only part of the shell contents of
a clam in order to obtain a volume of exactly 100 ml. Invieyof

;~~i~~~i~~~s~~n~~v~~ed;~;nb~~~~~n~;;~~~~o~:erial load,

No attemptYas made to discover the extent of variations
as to coliform bacterial load among individual clams at different
stages of self-cleansing. The number ofmicro-blendersYhichcould
bemadeavallableforsuchYorkYasinsufficient,andmoreurgentand
readllycarried out lines ofinvestigationyerefolloyed.

(b) Bacteriologicalmethods-TheMostProbableNumberMethod
for the ennumerationofcoliformbacteria is based on a probabllitycurve
representinc the number of coliform bacteria in a yater sample
as determined by the geometric seriesdllutionand lactose fermentation
method, (3).

completelyI~~~~r~e~~s;~~~o~Yo~a~:~~:~~a\~i~g;e~;..,m 1~~~ra~f=~
ingincaseofclams) and perfect technique on the part of the
analyst, any observed M.P.N., may vary betYeen 30jl and 360% of the
trueM.P.N.,Yhenthefive-tube-per-dllutionmethodisused. These
investigators state that their calculated range of error applies in

b~~o~~ ~~:eflm~~ ~~~hi~ jg; ~~h360rr=e~bserved M.P.N., lies

Rennetal(2)consideredthatotherunavoidableerrors
in the preparation of shellfish samples turtheryidens the range

~if~:~~~~a;a:~~~~'f~~~ ~~:t:::,l~~f~~rer:~,i~e;~ti~ef~~~·~~~i~:
tionintheactualconcentrationofcoliformbacteriainindividual
clams. Unfortunately no better method has been developed for
estimatingthenumberofcoliformbacteriainlovcoliformcount
m"terialssuchascleansedclams. Theuseofdifferentialplating
mediaisimpracticable,sinceaninoculumlargeenoughtoproduce
thirty colonies per plate (the minimum for statistical accuracy)
contains enough solid material to mask much of the bacterial grovth.
It may also contain enough organic material to destroy thedifferential
properties of the media.

analyses c~rr~~YO'~i i~et~a~~:a~~~:in~:~~~~e~ny;~:~:;~~~ted



when the frequency of sampling d1d not necessitate so much work as
to render such rerlicat10n 1mpracticable. As1nglevaluewh1ch
d1ffers w1dely from its replicates must be 19nored completely, as
mustalsotheresultofanon-replicatedanalys1s,1ftheresult
11esfaroffthel1neofprogress10nmarkedbyotherpertinentdata.

Totalp1.r.teco,mtsonnutr1entagar1ncubatedat37°C.
were <lsed for compar1ng the concentrations of non-mar1ne bacter1a
1ndifterentlotsofclazus. Whlleundoubtedlysometruemar1ne
bacter1a were abl~ to grow on th1s med1a at 370 c., the1r numbers
murt have been 1ns1gnit1co.nt.

d1gg1~)fr~:n~a;r;a ~~~s:t~k~e~;/~~~~;~~~~~~.w'::r~~~~~%o~.
Following d1gg1ng these clams were d1p-wa~hed 10 the harbour and

~~;t:~h;~ec~:r~~Pl;~:d°r~r~~:da:;ctt;e~k;~j~~e~h~e~~":;:i~~ted.

mi!:~~r~~;~ai~e~g:g~~~i*:c~~~::o~~;~;r:~~::~~:~~P~~F:~~e
permitted a3 t04 hour a1r exposure of the clams eachlowt1de.

sECTIONII-EXPERIMENrI (AprllZ-16l

Procedure. Fourhodsofpollutedclamswereprocuredas1nSect1on
I-Methods. Onehodwastransferred1mmed1atelytothecleans1ng

:~~t~~~e~~~ ~~~ho~~:~ ~~:~ ;~~~~~ ~~g:.dar~tr~~: :~dl~; ~4 hO~~: C.,

~i ~~~he~~0~~g~8o~~u~~a~~~h;~a~~~e~~:dt;~n;~:r~~~a~~~n~tSi~;1~~d
of 72 hours the last was transferred. Samples were taken at the
beg1nn1ngoftheexper1ment, at the time of each transfer, and at
var10ust1mesdur1ng the exposure of the clams to the waters at the
cleans1ngstation. Thesampleswereanalysedas1osect10nl-
Methods. Theresultsappear1nTablelandare1llustrated1o
F1gurel. They support the follow1ng conclus10ns.

Conclus10ns.

1. Dur1ng the t1rst 48 hours aftertransfer, little change occurred
1nthenumberofcoliformbacter1a 1n clams with a dug-age of 0 hours.

~~~ th~e~~~;nl~oh~~shh:::rb:~s~:;l~~:~i~~~e~~~;:s;o~~
~~ii;~~m bacter1a, however by 109 hours the1r numbers had aga1n

~:u.1~1~; ~i;~ta2eu~~~~: ~:; ~~~~~U~~td~~~~si~ie~1~~ ~~;;;:;;e~fi:ed





acleanslngpatternveryslmllartothatbegunatthe48hourpolnt
by the O'tl"g-age"clams.

!~:i~s:~~~~~r~rm~~r!~t}~!~t~~4~~~~d;:~~~~~~:r~(nj~::tn,
an,v,duringthenext24hours,andafinalcleanslngbeglnnlngat
3bout 4S hours\lhlch brought the col1formbacterlal count down by the

'rheMostProbableNumberofCol1formBacterlaperl00ml.
of shell contents of clams at different timesdurlng self­
cleanslng,underearlysprlngcondlt1ons. The four lots
testedhaddlfferent"dug-ages".

0-2hrs.4,7OO•
18,000
51+,ggg

AV~

24hrs.35,000
33,000
22,000
Sb..QQQ

Av.28,OOO

22,00024,000 24,000
24,00022,000 17,000
35,000 24,000 17,000
ll4QQQ ...L..!QQ.ll..QQQ
27,00023,000 19,000

24,000 7902,400
35,0001,100 9,200
24,0001,100 5,400
...L..!QQ. b,gQQ
27,0001,3005,bOO

2,400 16,600 790
2,200 17,000 2,400

7901:,300 790

Ugg~1,300

2302,400
5,4002,400
9,2003,500

7,3002,700

48hrs. 24,00017,000 5,400
35,00017,0009,200
17,~gg. 2,400

Av.~17,0005';bOO
72hrs. 24,000 1,100

24,000 490
17,ogg. 330

AV.~ """bl+O

9,200 490
9,2002,200 790
5,40051+,000. 490

7,900 -r,-;oo 5'90
270
230

3,500·

2;0



24 hour levelling-out, somewhat less than in summer clams studied
last year (1).

4. After 36 hours' exposure to water, the 72 hour "dug-age" cllims hed
reduced their col1fol'lIlbacterial count to an extent that indicated
a rate of self-cleansing comparable with that observed in the 1951
studies (1). The results showl1ttlelessening of this rate until
after 72 hours.

5. While the col1fol'lIlbacterialcount of the water at the cleans-
1ngstationfluctuated,occasionallyreachingveryhighlevelswhich
weremalntainedforshortperiods, there was no clear correlatlon
between these fluctuations and the self-cleansing patterns exhibited
by the clams. However, it may have been that undetected upward
fluctuations interfered with normal self-cleansing. In view of this
possibility, the results of experiment 1 must be most cautiously
interpreted.

b:~;~:e4~~~~~~~i:;urh~~U~1~g~~ec6~~~X~~i~~dh~~e"~::~g:~d

7. During winter and early spring clams in the cold mud of the

~~~~~~:t~~~.l1Vitaisap~~~i~~~a~~;~cw~:~ethe~:r~~~ss~J:c~~~t~oo~8semi-
or more hours of air storage at temperatures somewhet higher than
that ot the mud. flats, they may emerge from this semi-hibernation and
cleans.e themselves more rapidly than those that are more freshly dug
rather than returning immediately to hibernation. If this were the
case the findings Just d.escribed could be readily understood.

8. Further early spring trials should reveal whether air storage
could be useful in.conditioning spring clams for self-cleansing.

SECTION III - EXPERIMENT 2 (April 19-22)

To explore the progress of selt-cleansing during.alrexposurelnthe
1ntertidal zone and to further study the progress of self-cleansing
undersprlngcondltions.

~~dS~lam~';~i:/;;~~:i~:~da~~;e~i:: ~~s~~;~:~e~nt~e~~;on 1
cleansing station and again at 20 hours, the beginning of an air­
exposureperiod,andfourhourslaterwhenthefloodingtideended
air-exposure. The clams were sampled again at 32hrs. and at 36
hrs.,thebeg1nningandtheend,respectively, of another air
exposure,andfinbllyat72hours.

The results of the aJJalyses of the samples appear in Table
2 and are ~llustrated in Figl:re 2.



lOor(lO

721+821+ 36
Hours ofC1...ensing

;'1go2o I'PoN.'sofco1Uormbacter1a
per 100 ml. of shell contents of clams
at different times during self-cleansing,

, , undermid-springconditions,withspecial1/\:::1::':t~ ':'::~';.:l'::~'-"""""

Air exposure' \:LZ--Air exposure

l:



~:

1. Self-cleansing progressed l1ttle if any during the f1rst air

;:~:u~/~~~~~tb~;e~o~;;~~~~d~ufW;~~i:~td~~m;~~o~a~~rt~~osure.
mechanism of self-cleansing to explain this d1tference.

2. These clams appeared to commence self-cleansing at the time
oftransfertothecleansingstaUon. This may imply that during
the two week period between the commencement of Experiment land that
of Experiment 2, themetabol1smorclams, in their natural habitat,
had ga1ned momentum with the progressing spring.

Table 2. ~~es~~~i ~~~~:~t: ~~~~~~fh;~~if~~h:a~~~;~i~:r;~em;t
d1tferenttimesduringself-cleansing,especiallybefore
and after air exposure periods.

B~~~ng End B~~i~~ End
of air of air

M.P.N.Initial exposure exposure exposure exposure M.P.N.
M.P.N. M.P.N. M.P.N. M.P.N. M.P.N. 4ahrs. 72hrs.

2Jhrs 2'jhrs. Bhrs. 37hrs

92 ,000 E4:ggg 54,000 16,000 4ao 170 130
92,000 54,000 9,200 280 150 330

~ ~ ~
140*
~ -mAv. ,0 ,00 'I3,'OOO 230

* This value discarded in calculating average.

SECTIONIV- EXPERIMENT 3 (Apr112'j-271

~he clams were sampled at the time of transfer to the
cleansing station and all three of the hods at 24 and 48 hours.

T:>e results of bacteriological analysis o~ the samples are
tabulated in Table 3 and appear in graph form in Figure 3.
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1. sometormotpre-vashing seems tohastentheinltiatlonotselt-
cleanslng. Thlsconcluslonaccord,vlththattromlastyear'stest
(Mullanetal1952, p. 30).

~;thJ~e dlp-vash method seems to be as etfectlve as the hose-vash

3. The most likelyexplanationotthetardlness ottheunvashed
clams In selt-cleanslngvould seem to be that as the adhering polluted
mudgraduallyloosenedtromtheshellssomeotltvaslneestedbythe
clams. Theaccompanylnglntakeotcol1tormbacterlavouldoftsetto
some extent the reductlon in the numbers ot these organlsms resulting
tromtheselt-cleansingtorces.

The Most Probable Number ot Col1torm Bacteria in clams at
dltterenttimesduringselt-cleanslng,onelothavingbeen
hose-vashedprlortothelrtranstertothecleanslng
statlon,anotherhavlngbeendlp-vashed,andathlrdlett
vlththemudadherlhgtotheshells.

Conditions of test O~:~:~~l
M.P.N. M.P.N.

21>hrs. 1>8hrs.

160,000 51>,000 16,000
90,000

~
16,000

~ 000
~137,000 8,000 1,000

Dip-vashed
1,700 1>90
1,100 790

..b!±QQ
~137000 1700 10

9,200 3,500
9,200 2,4gg

137,000 ~ ~

SECTIONV-EXPERIIlENT1> {July 5-6)

To explore the selt-cleansing otclams under mid-summer condlt1ons

i~~l¥:~n!~:~h:i~E:i~~~il~~~~~~~i:E~~~:~~~r~~;e~~:dti~t~on-

~~~g~g~re:One~~~ ....~; ~;:~:f:~~:dP;~c~~~~la~ol~h~e~i~~~si~



l~ -

station; the other was anchored to the intertidal flat in the polluted
area. It was planned that both hods be sampled onctl every six hours
for 72 hours. Such a program proved too heavy'!or the personnel
engaged and was not rigidly followed.

The results of the bacteriological analyses appear in Table
ltand are 1llustrated in Figure 4.

Conclusions:

1. There was l1ttle change in the count of col1form bacteria in the
clams held in polluted water, while a substantial decrease in the
num1)er of these organisms occurred in the clams transferred to non­
polluted water. This demonstrates that1t is not the change from

~~f~e~~c~ ~~i~l~~dl~~eC~~ig~:-~~~~;~a:ate~tt~;oc:~:~ ~~:sa
~~~~si~aii~~;~l flora is closely related to that of the water in

2. Self-cleansing at this season appeared to proceed at a slower
rate than that observed during Septemberl951. This may reflect a
mid-summer slump intheclams'metabol1c rate; on the other hand it
may reflect increased bacterialmultipl1cationwhichoffsets the
clams' self-cleansing activities.



~~g ~h~il c~;'~~~t~ sO~fc~~;f~i'"d~~~;~;~~ ~~e~OO ml.
during exposure to sea"aterundermid-summercon-

, ditions-onelotatthecleansing
station, the other in the polluted
"aters of St. Andre"sl!f.rbour.

--s--Clams in St. Andre,,: Harbour

...--s-Clams at cleansing station

10 or (10

36 1T8
Hours of treatment
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The Most Probable Number of Co11torm Bacterla per 100 ml.
ofshe11contentslnc1ams,one1otbelngexposedtothe
watersatthec1eanslngstationandasecond1otbelng
exposed to the polluted waters of St. Andrews Harbour.

~~;~doio
Exposed to

c~~~~~
~~l~~:e~~~;:~s

Harbour

Initial
12,000M.P.N. 12,000

M.P.N.
6hrs. 1,700 11,000

M.P.N.
5,40014hrs. 1,300

M.P.N.
22,00020hrs. 17,000

M.P.N.
54,00024hrs. 2,200

M.P.N.
5,40036hrs.

H.P.N.
42hrs. 1,700 7,000

M.P.N.
2,40048hrs. 1,000

M.P.N.
500 5,40060hrs.

M.P.N.
5,40072hrs.

~. The aboveM.P.N. values are the results of slng1eana1yses
and the accurecy of any slng1e result must be judged byltsproxlmity
to the curve establlshed by the greater number of results.

SECTIONVI-EXPERIMENT5(.Tuly15-211

5~§a~;~~eg~~~~nto;~;if;.~l~~~~~~o::n~li~~~;:~~rs~ft

~:Onehodofc1amswa,procuredaS1nSectlon1_Methods
and transferred to the c1eansinl; statlon. It was sampled at that



~;::"a~a~~e;r ~~oh~:;Sa~~e~~~n~~e~O~~~lh3f~~urs:-O-~~~2S:~;ng
~;~~~a~:P;~5b~~7~n~O;~~:inUed until 51 hours. Further samples

.A.ll samples were tested for numbers otcollformbacter1a
and many of the early samples forothernon-marlne bacterla, see
Sectionl-Methods-Bacterio1ogical.

The results appear in Tables 5and6 and are illustrated
in Figure 6.

1. Theresultsoffrequentsampl1ngupholdtheconclusiondravn
last year (1) thst there arephsses in self-cleansing.

2. Theobservationssupportconclusionl,exper1.ment4ofthiS
report,1nsuggestlngthatlnmid-summerself-cleanslngproceedsat
a slower rate than lnlate spr1ng and early autumn.

3. ThedataofTable61ndicateanearlyqual1tativechangeinthe

~;~~~b~~~~~;~; f~o~~ea~~e~ ~~~~~n~:~rease in the total of noo-

Table 5. MostProbableNumberofCol1formBacteriaperlOOml.of
shell contents in clams sampled at frequent intervals
during self-cleansing.

Tlme trombeglnningotexperiment

7,500&6,800
3,500

~:~~
51+,000
3,500
3,100

~:~gg
1,100
2,500
4,600
3,500
8,300
1,300
3,500

52,000

~;$
l,~gg

700



F1g.6. M.P.N.'sofcol1formbacter1aperlOOml.
of shell contents 1nclams sampled et frequent 1nter­
valsdur1ng self-cleans1ng, underm1d-summercond1t1ons.

at cleansing station (Scaletor1ght)

36 48
iloursofcleans1ng



SECTIONVII-EXPERIMENT-6<JUly29-Aug.2)

Toexplorethegeneralbacterlo1ogyofpollutedclamsduringse1f­
cleansing.

=~~K~~~r::m ~~:,,~rer~;l~~l~i:~n;i~:ss~:~i~~~ured as in Section 1 -

and again ~r~C:\8e~~dw~~~~~~.at the beginning of the experiment

as well asA~~rs:~;!Sn:~:r;e~~e~o~~~~~~e~:c~;r~~:lformbacteria,

Bacterla from colonies taken at random from the agar plates
wereGramstalnedandexaminedmicroscoplcally.

S1ml1ar tests were carrled out on the waters from both the
polluted area and the cleansing station.

The results appear in Tables 7, 8 and 9 and are illustrated
inl"igure9.

1. During the early hours of seIf-cleansing there was a decrease
in the relative frequency ofG+ bacteria and yellow-colony bacteria
~~~r:no~n~~:a~~~~.that of brown_star_shaped_colony bacteria 1n the

2•.SeveralG+andseveralyellow-colonybacter1awereisolatedfrom
St. Andrews Harbour water. NoG+andfewyellow-colonybacter1a
were lso1ated from the cleanslng statlonwaters ..

3. See Tables 7, 8 and 9 and Figure 9.

1. The decrease in numbers ofcoliformbacter1a 1nthe clams followed
the usual pattern (See Experiment 50fthis report and reference (1».

2. The total numbers ofnon-mar1ne bacteria in the total shell con-
~:~;~a~~O~~:dl:~~ee~~:~~;~: than the coliform count and the overall

3. Counts taken of the total number ofnon-mar1ne bacter1a1nvar1ous
~:~~~r~~.the clam showed the following changes in numbers cif these

(a) On the gills these bacteria decreased in numbers at about
the same rate and to the same extent as in the total shell contents.
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Somechanges1nthebacter101og1ca1floraofc1amsdur1ng
the early hours of se1f-c1eans1ng.

T1mefrom
beg~ng

experiment

Total count
per mI. on
nutr1entagar

1~~~~;~e~1:~es
37°C.

7,000

4,500

4,500

3,800

3,500

2,800

Gram stain
reaction
of colonies
chosen at

Colonytvnes random

SomeG+
~::;e~y G-

~~e~YG-

Many "hite ChieflyG-
Few yellow, some brown As above
star-shaped, many "hite
Oddyello",some NoG+
brown, many "hite allG-
No yellow, several

~~:n"m~-Shaped, 'all G-

~

14,000

9,000

8,500

5,000

7,500

5,000

c~es

colony

m~:as

c~~es

gram
sta1n
reaction
about as

above



Most Probable Number of Col1!ormBacter1a per 100 ml.
o!shellcontentso!clamsatd1!!erenttimesdur1ng
self-cleans1ng.

In1tial
~.

5,400
9,200

....2..J.QQ
Av.7,9OO

M.P.N.
~

540
390
Itoo

lil+O

M.P.N.
~

220
330

-i§ .

Table 8. Somechanges1nthebacter1olog1cal!lorao!clamsdur1ng
sel!-cleans1ng.

Totalcountonnutr1entagaraerob1cplates(1ncubat1on
per per per per at 37°C.)

Time!rom ml.o! ml.o! g1ll terminal per
beg1nn1ngo! shell shell incho! style
experiment contents liquor intestine

16,900
15,600

AV.~
8,700
9,600

Av.~
2,500
2,200

2.a.QQ.Q
Av.2,200

1,350
2,250

2.a.QQ.Q
Av.l,900

1500

73
130

I'6O

it
2I+

~
b

7
15

II



QUantitatlvedUferenceslnthenon-marlneoradvent1tlous
bacterlalnthewatersofSt.AndrewsHarbourandthe

~~i~I:n~fa;~~ ~;~~~~~l;i:t,;~~h~S(~::S~~~~l~~ :h~ethods
;e~~~~rl010glCal) and the M.P.N. coliform bacterla

St.A.ndre\rlsHarbouxwater Cleans1ngstationwater

Tlmefrom
M.P.N.

Total
M.P.N.

Totalcoliforms coliforms
beg1nn1ngof permi~ count permi~O CO\Ult
experiment permlo perml.

>1,500 13

21t0 <'1.S 30

ItS >1,500

>1,500 15

(b) lnthe shellliguorasin (a) above.

(c) on the style as In(a) above.

In n~~ersl~i~~ ;n:;t&a
eh~~~~eo~~~;~~~~l:~~~~o overall decrease

It. The same sort of qualitatlvechangeswere observed as reported
lnconcluslon3ofexperlment5.

5. ThewaterofSt.AndrewsHarbourcontalned,durlngthlsperlod,
approxlmatelythreetlmesasmanyadventitiousbacterlaasthewater
atthecleanslngstatlon.

6. Therewassomediffereneastotheklndsofbacterlamaklng
up the advent1tlous floras of the two waters.

7. The water of St. Andrews Harbour durlng thisperlod contalned
over 800 times as many coliform bacterla as the water at the
cleanslngstatlon.

8. Quantitati-{elyand qualitatlvelythe changes in the clams I

flora of coliform and othernon-marlnebacterladurlng self­
cleanslng seems to represent a substitution of the flora of the
cleanslngstationwaterforthefloraofthepollutedwater.

9. Thoseportlons of the clam's bodywhlchweremost exposed to

i~es~~e:md~~r::;:r~~~:dn~~~~ft~~n~:;i~ec~:~i~r~::e the flrst



;~; t~~el;~ie~~i~~bwW~i~~c;~a~o~ i~eb~~~;~a~;e~o~:m;~i~eS~~~:~ia.

11. The decrease in number otnon-marinebacteria in the intestine
commenced at about the same time as phase III (second period ot sudden
decrease) otthe cleansing process.

12. Repl1cation ot this experiment is required to show whether the
above changes were coinc1dental or causally related. !twe
hypothesize that they are causally related then the results obtained
in both the 1952 and 1951 clampurHication studies (1) become more
intelligible. More particularly the hypothesis is that the non-
polluted water pumped by the transterredpolluted clam through the
incurrentsiphon, over the gills, through the mantle cavity and out
theexcurrentsiphon,washesthebacteriaandotherparticlesfrom
these parts. It replaces the old shell l1quorand brings into the
mantlecavltynewbacter1acharacter1st1c of the waters of the

~~~~Si~~g~;a;~~~~, ~~:ni~;~~;~~~,i~";:~~~l/:~a~~~i~~~i~~~t:nts
process not directly related to the water flow just discussed.

The above hypothesis gains creditabil1.ty from the fact that the
washing of the exposed parts could hardlyfall to occur. !tis
well known that an individual mollusc normally pumps several gallons
otwater through its mantle cavity each day (5). Flowing water is
a cleansing agent and could hardly fall to remove all but the most
t1rmly adhering particles. Provided that the washing water does
not carry the same quantity and kind of material as is carried by
the water from which the clams were taken, the load on the washed
parts should show a change.

It is known also that the rate of movement of materials through
the digestive tract is only indirectly dependent on the rate of
water flow through the mantle cavity. Indeed the mollusc can
pump water without at the same time taking any of it or its
suspended matter into his digestive tract (5). The rate of move­
mentofmaterialsthroughthedigestivetractisknowntobe
influenced bydHterent factors. According toRenn (6) tempera-

l~~u:~~i~~~ am~~lso~n:~P~~~~dw~~~e;~:;;~li~~c~a~~; ~f~b~;~
quantityofavallabletood influence the rate of feeding and

~m~~~:~ti~mdc~~;;~~~~h~r~~~H~~~~~::;~~~~~tte;~:~~et~lam,

~[~i~r~;:~Eg::::A:~~~~~:~~~:m;~~;~t~~~i:i~~~!~~~:~~:~ t
betore lt8 hours after transfer could result from the intestines
;~~~~~~~~nt~~ss~~~~t~ttime to fill to a point at which intestinal



The exper1mentaldata of this report and those of the
1952 report (l) agreewellwiththeabovelln>othes1s. Thefind1ng

~~r;~~se~e~~:e:n~~:o~:;~~;ee=;1;~~/:~;~Ye~~~~t~~1;~e~~ter

~E~:i~;~r~~~1~:~;u=m~~~~~a~ig:~~~m:~:!;:~t~~::~c~~~al
of the water to which they were transterred. The same results

g:;i~~:::~mili~~:;g~:iE:g:~~~;~;[;~1~;~~:~~s~:~td
The trequently observed pattern ot decrease in numbers ot

col1tormbacter1a1ntheent1reshellcontentsotclamsdur1ngselt­
cleans1ng(Exper1mentsland3-6)agreeswellwiththeabove

~~te~;i~·be ~~e~~;~yt~~~l~~: ~~~t~rV~=~~U~P~:~1~~S1~t
the clam body w1th col1torm-tree water. Thelaterlonghalt1n
col1tormdecrease(Phase2)wouldbeexpectedtooccurbetweenthe
completion ot the cleans1ng otexposedparts and the commencement
ofgutevacuatlono Thetlmeo!recommencementofco11tormdecrea'se
(Phase 3) corresponds with the t1me at which the total count ot
adventitiousbacter1a 1nthe gut beg1ns to d1m1n1sh and can be
~~;a~~:~ ~~t~e~~ :x~:~;tO;t;~:m~ut's empty1ng its contents at

1n the Cl~~e,.~;~tm~~:te~~:~;i;:t~~:nd~;~::S~; ~{h~~1;~~:t~~~~~;1a
bacter1a1sexpla1nableonthebas1softhewateranalysesresults.
Whllethecleans1ngstationwatershowedlowercountsofbothcol1­
formandadvent1t1ous(non-col1form)bacter1athanharbourwater,

~et~~f~:;:n~~ ~~;~c~m~~; ~~C~~;1::o::rl~:~ ~~c~h;h~l~r~~~;~.would
be masked 1npart by replacement by anew flora of adventitious
bacter1a carr1ed by the cleans1ng waters. On the other hand the

~~~~si~ow~~:r~la~e;:/~:~t£~~~;~1~r~~~~;o~;~~~b~~c;~~~,c=~~d
many out.

~:

On Aprll 7, 1952, polluted clams were procured as in

~:;1~~t;t~ ~:~~~ :"~o~;o~~r;nt~~~e~e;~~~:r~~~~e~:~:;;h



;~n~~~5:g~1n 2~~\~1= 7~r~0~m:Pi:~e~: th~h~e~;:i~~ ~;r;h~e:~~ri-
fornumbersofcollformbacteria,

similarly ~0~:;~7b~~dl~l ~~~2~t~~~ea~'15006.p~~l~~:db~;::n~e~~
theAtlanticBiological~Station,St.Andrews,N.B.;hods
#2 and #3 were transferred immediately to the Holt's Point cleansing
station. Arter 13 hours' exposure there, hod #2 was taken from the
waters and storedintheA.B.S. basement. Hod #3 was left at Holt's
Point. Hod #1 was sampled at 0,1+8 and 72 hrs.; hod #2 at 0,13,
37 (13 water and 21+ air hours) and 72 (13 water and 59 air) hours;
~:;:;b!;Sa~fo~oiho~~t~;i~~urs. The samples were tested for

;;:;;;;~1~~~~~~!:;;~~~til:~!)g~::{~41i:;;:'='
at the beginning of storage and again at 21+ and 1+8 hours, The
samplesweretestedfornumbersofcol1for.. bacteria.

The results appear in Table 10 and are l1lustratedin
Fl.gurelO.

~~Pte=~)llth;r~o~~~ ~fv:~ :;~~~~~ ~;c;~:s~'i~ot~tn~b~~P~~\~~~-
form bacteria in polluted clams. This decreasewasnegl1gable as
compared with that taking place in water at comparable temperatures •

f~ th~~~e~;ror~~~f~o~~ ~1~t~~i~~ere was a considerable increase

3. During 1+8 hours of air storage at 1+0 C. there was no significant
change in the numbers ofcollformbacteria in the clams 0

1+. In partially cleansed clams removed from the cleansing station
after13hoursofself-cleansingandplacedinairstorageat15°C.
for59hours,thecoliformcountincreasedgreatly. The clams
remain1nginthecleansingwaterscontinuedself-cleansing.

5. The pattern 0: self-cleansing in the clams that were exposed
continually at Holt's Point (Hod #3) was not the usual one, in that

!~i:;~~rg;i~~;::!;:i~;:im:~~~:::~~:~~~~:~~~:~~~~:~~:~~~~nt



F1gurelO. M.P.N.'sofcol1formbscteriaperlOOml.oftotal
shell contents of clams at various times dur1ng dUferent
storageandcleansingtreatments1n195'2.

40,000

30 ,000

1°1°00 ----~;:~~~;;~e:b:-------._-----//~/-/~:
5,000

~;:J -/"---
,//Air storage of /L / :~":::l:::;;/

"'OOl:::~~.~.
// (Th1spo1ntrepresents

/// ;~~e~;e~~~:r~~nr'~alues
/ and perhaps should be

c/~::~/~l~':'~":::'•,=. _. 'wo".l

---- -'-~tt~~s:o~~~& Nov.

36 48

Hours from beginning of treatment
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Most Probable Number ot Col1torm Bacteria per looml.
ot shell contents of clams at various times during
d1fterentstoragetreatments.

Original
II.P.B. M.P.N. M.P.N. M.P.N. M.P.N. M.P.N.

hO~S ot ~~:; ~~ ~~:; ~ ~~:;~} ~~:; ~~ ~~:; ~~
treatment treatment trftatment treatment treatmenttreatment

Air storage 4,700.
at13°C. 18,000
Apr:H7-10, 54,000

1952 AY,~

Exposed to 790
cleansing 1,100
water at 13°C. 1,700
Sept.10,1952_

Hod #3 Av. 10000 I:2OO

Exposed to
cleansing
water at 13°C.
for 13 hrs.

~~~~f;~fe~h~~
air storage at
15°C. Sept.

1~~3#2 Av. Io.OOO noo

~\~tg:a~t.

3i95/oV
•
3, Ax ill

35,000
33,000
22,000

~

170
~
190

21>,000 21>,000
35,000 24,000
17,000 17,000
~.~.

8,ltoo 5,800
7,900 6,ltoo
7,600 5,800

]J";]'§Q """"b."OOO

790 1,380
500 330
780

b93 JOO

3,500 1>,300
3,500 5,600
3,500 1>,1>00

I:j'OO 1i:9OO

~
9200

21>0

~



6. The fact that part1ally cleansed clams do not continue self-eleans-
1ng when they are removed from the cleansing waters and placed 1na1r
storage at a temperature approximat1ng that of the eleans1ngwater,
demonstrates that if the primary factor 1nself-eleans1ng lsa
bacter1oe1dalagentacqu1redfromtheeleans1ngwaterbytheelams,
then this agent to be effect1ve requires eont1nuous renewal.

7. The fact that polluted clams held 1na1r storage decrease the1r
eol1formeountonlysl1ghtlyascomparedw1ths1m1larelamsexposed

~~~~F~~:m~Eiill:=~:St:m:~~~~;t!:~~~~:~~;:~:~;et~i::
from polluted waters.

8. Dur1nga1rstorageat15°C.thenumberofcol1formbaeter1ain
part1ally cleansed clams increased but decreased in clams commencing
storage with a higher or1ginal col1formbaeter1al count. Thaeol1­
form count of the t\lO different lots of clams seemed to approach the
sem8value. Thesuggest1on1sthatforag1vensetofenv1ronmental
eondit1ons there 15 opportunity of l1fe for a more or less fixed
nUlIiber of 1nd1viduals of a given group ofbacter1a. Whether the
number ofeol1formbaeter1ainelams 1na1r storage at constant en-

~~~~:::~ni~; ~=~;l~~St~~~~e~=~~e~iad~~r~~:e~l:~m=tt~h~e~~~e~~e_
mentofstorage1shigherorlowerthanthatforwh1chopportunity
forl1feexistsunderprevallingenvironmentalcond1t1ons.

9. That temperature 15 one factor which greatly influences the
env1ronment'scapaeityforsupport1ngthel1feofcol1formbaeter1a

i~ ~~~~~=:r:ie~5~Yc~h:,Ja~~et~~e;nl~u~i~~:~: ;~t~oor~l::, e~~~forms
mult1pl1edinthelot stored at 250 c. butthe1rnumbersremained
constant 1nthelot stored at 40 C. Undoubtedly other factors
besides temperature, suchask1nd and quantity of avallable food,
nutr1t1onalrequ1rements and by-product output ofotherm1ero­
organisms present exert a strong influeneeonthecoliforms' mult1­
pl1eat1onrate 1nthe clam body as these factors are known to do in
otherenvironments(7).

10. In view ofeonelus1on 8 of this experiment and theprobab1l1ty
of the clam's intest1neevaeuating rather infrequently under self-

;l:::;ii~o~~~n~~n~}~~l~~~:sP~~~~l:ai~~ln~~;l;h~~e~~~{:i;ns
intheelaJ!l'sintest1ne. However,judg1ngfromthenumbersof
eol1formsfoundintheseexperiments,toremainintheelamartar
72 hr. of self-cleansing, 1t can be prediet9d that the numerical
value of a:ny l1ngering eol1formpopulat1onwould be far below the
allowed 2400/100ml. level.
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PERIODS OF EXPERIMENTATION
_ WATER CONDITIONS AT THE CLEANSING STATION DURING

Thebydrographicandbacteriologicalconditionsofthe
i~e~~~i~glr~ters over the different experimental periods are described

Any apparent relationships between variations in these con­
ditionsandtheexperimentalobservationsarediscussedwiththe
appropriate experiments in the body of this report 0

Conditions of waters at cleansing stations at intervals
during experimental period.

Time
Date Experi- of
l.9.52!!!llll:L- Jl.lIL

Hours from
be~t"ing

experi- of of
~~.llSL

M.P.N.
Vater coliform

tempera-Salin_bacteria
ture ity per

~.J..:-1QQ....!!!L...

April
'1
8
8
9

~!
13
16

!I
25
26
27

July
5

i
7

l6:gg~:::
7:00pomo
5·00pom.
7·00pom.
7:00a.m.
7:00pom.
9:00p.mo
7:00a omo

li:ggt::
4.00p.mo
1.OOpomo
5:00pom.
l'30a.mo
5:00aom.
1:30p.mo
2:30p.mo
9:30p.mo
9:30p.mo
9:30p.m.

6:00p.m.
O:15aomo
8:00a.mo
2:00p.m.
6:00p.mo
6:00a.m.

t~:
1/3F.

i~ ~:
1/3F.
l~V'o

Calm i~~:
l!4F.

Swell 1/3Fo
Calm 2/3E.
Swell 1/3Fo
Calm 2/3E.
Swell 1/3F.
Calm 2/3 Eo

2/3 Eo
Swell 1/3F.

1/3F.
2/3E.

Calm l!4F.
1/3E.

Swell t:~.F.
Calm t:po



Hourstrom MoPoNo
beginning Water coliform

Time of Surface State tempera-Sal1J>-bacteria

~ ~ ~ e:~~i- ~ t~~e t~~~ ~ l~e~.

July
7
7
8

15
15
15
15
16
16

i~
16
16

i~
16
17
17
17
17
18

April
18
29
30
31

AU~.

12:00N lt2
6,OOp.m. lt8

e:gg~::: 7~
6:00p.m. It

l~:gg~::: i~
It,OOa.m. llt

1~:~~::: ~~
~:gg~::: 26
6'OOp.m. 28
8'OOp.m. 30

~~:gg:::: ~~
2,OOp.m. lt8
5'OOp.m. 51
7:00a.m. 65

mgr:: ~~
It,OOp.m. lt8

It:OOp.m.

Calm
Swell
Calm

SECTIONX-SUIlMARY

1. The survival of coliform bacteria in polluted clams during air
storage at d1tferent temperatures slwws that the clams carry from
pollutedwatersnoactivebacteriocldal agentandproducenosuch
agent themselves, at least when living out of water.

2. Thefo.ilureoftheclamstocontinueselt-cleansingwhenremoved
to air storage after they have commenced such cleansing shows that
~~~e~~~ms carry no active bacteriocidal agent from the cleansing



~~c~£FH:U~:~~:hHumJf~;::~!~:~~t~£~{1t~i~ive
~~yc~~~~a.rr~~ht~~P~;~:~~;n~~~mr:~~~~~t~~~~;~ ~~~l~~~~~i:~uld
would not explain many of these results.

lj.. Ontheotherhandahypothesisadvancing(l)thewashingaction
of water pumped by the clam through its mantle cavity, and (2) the
clam

'
sevacuationofitsintestine,astheprimarycleansingagents

explains most of the observations and contradicts none of tham.

5. The above hypothesis explains well the characteristic pattern
of col1form bacterial count reduction during self-cleansing. That

gg~:!~;~:[;f:!~?~~~!h~:H~~i~~;:~H~;i:m:#~~ir~~es
:::~t~~~t~~~~r~~dUC~:s:h(l)o~~o~:~~~~i~~dv~~t~:sl~~ei~ew;~~~

~:p~~ ~~~~~v~h:r::t~;~~:i~;~P~~ ~)t~ ~;:;r;~~e~{i~~a~~;er
possibly, multipl1cation of col1forms in the intestine during this
period,asaresultoftheintestine ' sfalluretoevacuateuntlllj.8
hours after the transfer of the clams to the cleansing station and

~~;~~xU~t;~ye~~l~~~;~ ~~t:~eth~S~~~;~~re~~c~~ii~~e~fci~si~~e~~;ne
cleans1ngwaters.

6. The multipl1cation and survival of col1form bacteria in clams
under certain conditions shows thatcol1formmultipl1cationcould
be a force working against this cleansing etfect of some of the clams
physiological processes. It would seem that the f1nal extent of
self-cleansing under a given set of conditions represents the point
of equil1brium between the col1form bacterial multipl1cationallowed
by the environmental conditions and the cleansing effects of the
clam's physiological activity allowed by these conditions.

The bacteria-removing effect of ~hese physiological activi­
ties should work equally against all groups of bacteria. The anti-

~~~~~~i~~~ ~~;;~;i~~:i~~df~~~:~ ~~~;~':'e~~~~fv~r~f:;:~tt~~ecies
~_~~~~ia~o~~e~~;;t~~n7i:~c:hei~t~i~~~~~~d~~m~:~t ~~~~~~;Cal
of bacteria would differ in their abil1ties to replace those that
are removed by the clam's self-cleansing activities. Thus the
relative numbers of different species present in the clam before

:~~~l~;e~~~~n:~l~~~:~:;~e~~~;~~~~s~,t~f~;~c:~re ~~~s
~~a~~~h~; ~~: ;~=~~~~f~~eA;~~~=~i~~o~a~~~~~~~r~~~~e;mve
rise or fall depending on which is best t1tted for l1fe under the
temperature and other conditions prevalling in the clambod7'



Therelatlvelywlderdlstrlbutionofthecol1formgrouplnnaturewould
suggest that this group lsmorefitthanthemorefastldlouspathogens
forl1felntheclambody. At the present tlme the senior author has
experlmentsunderwaythataredeslgnedtoprovldemorespeclf1cln­
fomatlononthissubJect.

then, a coiL~~: ~~~~h~~l~,egg ~~ l~s~:'nb~~iL~~e~s~~l~l~e,
wouldlndlcatealowerfrequencyofanaccompanylnglntestinalpathogens
than the same count inclamstakendlrectlyfromthe flats.

7. The extent of self-cleanslng regularly achieved In 72 hours
durlngtheexperlmentsreportedhereandinthe1952report(1)

i~d~;if ~~io~l:~'2~~1~~~,\~n~~tl~~~tval~~~ ~~~l~~c:~ti~~':~ in
Experiment 1, in early Aprlll95a, when elther the clams' physlologlcal
state or upward fluctuatlons lnthecol1formcontent of the water
delayedself-cleanslngtosomeextent.

8. Prel1m1narywashing of the polluted shell stock hastens self-
cleanslng.

9. "Dug-age"upto72hoursdoesnotimpalrtheclams'self-cleans-
lngabllitY,andlnthecaseofearlysprlngclamsmayevenhasten
self-cleanslngprocesses.
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IV. EXPERIMENTS IN THE SELF-CLEANSING OF CLAMS, CONDUCTED IN THE
MOBILELABORATORYOFTHELABORATORYOFHYGIENB,ST.ANDREWS,N.B.,

MAY 6 TO JUNE 27, 1952

The Moblle Unit of the Laboratory of Hyglene conducted a
serlesofexperiments in the self-cleanslng of soft shell clams
durlngtheperlodllay5toJune271nacontlnuationofthestudles
lnitiated by a moblle unit of the F1sh Inspection Laboratory in 1951
and 1952. An attempt was made to evaluate the cleanslngprocess on
aseml-commerclalbasls. TheBarRoad,CharlotteCounty,N.B.,was
agalnselected as the cleansing station, and shell stock was again
obtalnedfromSt.AndrewsHarbour(llullanetal1952).

1. Experlmentsland2(MaY2to16l

~~~oo1e;~;:~:c~~t":f~:t;do~I:~ g~ri~i~n~ub~~~;~tn~eIL

Pending completlonofa large float, these two tests were
carrledoutusingthesmallexperimentalcarconstructedln1951. On
May 5 clams were obtained in the regularfashlon. Four full hods

~~~:t~~~~ i~ ~~~c;i~~~ ~~~~~~~~l:n~ei~;~e in the second. Their

Experiment Hod Storage
No No. Temperatl1re

storage
Site

ColdRoom,A.B.S.

ClamLab.,A.B.S.

Storage
Tlme(Hrs.l

OUtsldeLaboratory
I_22°C. (OpenAlrandSunllght) 24

I_5°C. ColdRoom,A.B.S. 48

2 6-14.5°C.
OUtsldeLaboratory
(OpAnAir,lnshade) 48



Water samples for bacter101og1cal analyses and salinity
determinations were taken from tour sites in the immed1atevic1nity
otthe clean.lng carat 12-hourlntervals during the exper1ments.

:i i~: :~: ~;:~:~t s~;a~:r:ate~l::m~::i~~e w~~:d~::nw~~~ =~ses
fromeachhodimmed1atelyafterd1gg1ng,afterthestorageper1od,
and at12-hour intervalsdur1ng the cleans1ngperlod. In the case
othod41nRxper1ment 1 only one sample of clams was takenatter
cleansing began. Bacteriolog1cal results obtained dur1ng these
exper1mentsappear1nTables 12 and 13 and in Figures 12* and 13.

Intheflguresthenumbersw1thinthec1rclesonthe

~n~:t:i~ci~~i~Nha~~~S~g~rc;:sfo;~;~~t~a;~~c::ra~e~ot

~

The results otexperiments 1 and 2 consldered together
support the tollow1ngconcluslons:

1. Dur1ngalrstorageot2samplesfor24hoursand2for48
hours the changes Inthecol1formM.P.N.'s of the clams followed
~\~~;1~~~/~~~e~'1;~r;a~~:sthey were sharply reduced and in

2. Durlngthefirst experimentthewateratthecleans1ng station
remainedrelatlvelyclean.

3. The In1tialM.P.N.'s of the stocks used Inexperimentlwere
low and none of the changesdurlng cleans1ngwere great. Never-

;~:;~~sr~~~t~~re ;~~h~~ ~~eh~~~~ ~~t~~ ~~~i~~e~e~~~~;Ht
samples

showed col1formM.P.N.'s of less than 1000 and they rema1ned low.

4. The clams stored at both high and low temperatures cleansed
themselves in the sametashlonas those that were treated immediately
afterd1gg1ng. This fact would be most important in an industrial
development because 1twould be difficult to endure initiationot
cleans1ngtreatmentonthedayofd1gg1ng.

5. Dur1ngthesecondexperimentthewaterbecameser1ouslycon­
taminatedandthechangesintheclamM.P.N.'sweresocontusedas
to be almost meaningless. Obv1ouslythe clams d1d not cleanse
themselves satisfactorily and 1tmust be concluded that the Bar
Roadlsnotasatistactorvslteforacleans1ngstatlon.

*For convenience inreterence the numbers of figures have been made
tocontorm, as farasposs1ble, w1ththenumbers of the tables
l1stingthedatathey1llu.trate. Intollow1ngthisconvent1on
;rn~;~~U:b~:~e8s_~re(~~~~u:~~~~dover, e.go, there are no
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Storageexper1.ment1.

92,000 1

.2bQQQ,
Av.~2 000 ,

AVo~
130
230

AVoID
230
790

5,400 2,400 2,400 92,000

1,300

AV'~

Avo 290

1l~·5
Av:yrJl

Vater
Col1form

M.P.N.
perxgm1.

h~~S
storage

h~urs 490
cleansing 45

Avot{ Av.n-g

h~~rs ~ 3 30 190 4,666

cleansing <1.8
330 230 790 54,000

-L-
Avo
l,~ AV.ug AVo! Av.39 000

h~~S
AV·<~.8

cleansing ;0 5 2,400

<.J,,&
Av.l ?~g Av.Ilo

Ar;lWo
h~~S

AV'+~ 790

cleansing <1.8
330 490 330

AV.<%- Av. 290 Avobl+O Ay:m

h~~S 4.5 230 230 700

cleansing ~05 490 230 790

AV.p Avo
~ Avoug Avm

Clh~b 708 330 220 230

Nil
(Fresh dug)

<'1..8 230

.C::::l::moved ~~~~ fI4 by person: unknown a:ter 12~h~~sampl1ng.
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storage experiment 2.

Nl
(P'reshdug)

Water
Coliform

M.P.N.
tler100m1.

<1.
<1.8
<l.8

A .1L-

Clams: Coliform M.P.N. er 100 m1.
od 1100 lioo
2,'+00 no storage

i:Zgg
A :r:1i"iO Av.1.8'0 Av.1.8'0

11 hours
c1eanslng(Hod3)

13

AV.t

,00
3,500

Av. r;:<;'7io

24 hours
c1eanslng(Hod3)

33 hours
c1eanslOG(Hod3)

16,000
Av• l,~gg

~.5

4.5
L

llIidofstoragelHOdsiand2J Av79 ·2 16,000
23 9,200

50hourscleanslng(Hod3) 79

AV.~.2.b.~ AV.~AV.3']ji

Av.~AV·m
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2. Exner1ment3(May19to21)

parts of t~~ ~g~~~t~:re:~aCi~:n~~a~fn:e;~dc~::fi~:~~~;~:ri~t~~;:erent

was mooredT~~St~:Sl~e;rt~~~~ ~iU~hewi~~e;~~d~~r~~n~:6-h~~e~:;;hJ;
ofc1amswereconslderedsufficlentforthistest. Theyweredugand
loededdurlngtheseme1ow-tldeperlodasshownlnthetexttigure
below. Inthlstigurethehodsorpartsofhodssamp1edareb1ocked
In. Clam samples were removed for analysis from sIx of the hods
consIdered to be representatIve of all parts of the car at 12-hour
tntervalsandwater samples as In experiments land 2 were taken but

~m~~:::U!~!~H~~:;;:~~~=:~~~~t~~n~h;oe~~~r~aio~~~~ci~st::;

Table 11> a:c;~;;~o~~~l~~~ai~ ~~:~;~e~1>:rom the analyses appear in

II rr1'1'1' rl rI '[ ! rr
IIIIIliIIIIII

1 2 3 1> , 6 7 8 910 11 12 13



15
14

13
50
40

.~. 30 0:
X

Zater M.P.No 20:
::

0!--~6.....,1~2~la---:'24~30--36~4...l-.2 ---:4:-:-a-----='"54----:"'60 10 or<10
HoursofC1eanslng

F1g.14C1ellIls1ng1ndifferentpartsofthecar
(Experiment 3).



Hours coliform 7 10 10 16
of M.P.H. per Hod Hod 1n- 1n- out- 1n-

Clftan s1ng 1M m] 1 6 sl~ sl~ slI'J $;2 sl~ 18

n
4.57,00011,0007,90017,00017,0002,4002,4009,500

AV'~

Table 14. Experiment 3· Cleansing in different parts of the fl~~oatt_ Bod I

Cla;~ cOl~~rm MH~/ p~~100 ~

AV.1:r 3,500 2,200 2,400 14,000 9,200 3,500 11,000 2,400

Av. J222:~
4602,4002,2009,2002, 400 3,5001,300 5,400

Av.~
6.1
7.8

36 7.81,3007,0007,00022,0003,500 7903,3004,600

AV'~



1. The records cover only the initial phases of the cleansing
process and only l1m1ted deductions can be drawn.

2. Up to 36 hours the water was relatively clean but thereafter
theM.P.N.'srosesuddenlysuggest1ngthattheBarRoad1snota
satisfactory site for a cleansing station.

3. When they were dug the clams were contaminated more heavlly
than those used in the first two exper1ments. Besides this they
f~~~d a good deal of sample-to-sample variation in their bacterial

~he f~~;~-~~e~~~b~~P~~:~:;~t~~n~h~np~~~:s~rw;:s~p~~r";~~ba~~;
for the reasonoutl1nedin (2) above.

5. TheM.P.N.'sforclamsfromvar1ouspos1tions1nthecar
indicate that cleansing and re-contaminat1onwent on at about the
same rate everywhere. Apparentlywaterc1rculat1on1ssogood
that all clams have about the same chance to discharge their
pollut1onal loads when water conditions permit this.

6. The rush involved in digging, transporting and culling clams
in time to load them onto the cleansing car during the low-tide
period in which they are dug is too great to be practicable even
for experimental tests and would be certainly out of the question
in an industrial operation.

3. Exoer1ment4(May26-29}.

Following the theft of clams during the course of Exper1­
ment3,anofficerofthelocaldetachmentoftheRo:ralCanad1an
MountedPol1ceagreedtomaken1ghtl:rv1sitstotheBarRoadto
d1scouragefurtherpllfer1ng. Besides this it was possible to lock
the hods in position.

A second series of fourteen hods of St. Andrews Harbour
clams was dug on May 26 at the morning tide and placed ina shed
at the Biological Station (temperatureapprox. 13° C.) until the
eveninglowt1de1nterva1. Twelve of these were then loaded into

~~: ~~~~~ ~:~ ~~~h~~e~O~~:dt~od~~~r:a~il~;Per~:n~~~~; ;:~~



wesmoored higher on the tidal flat so that longer air exposure
occurred between the high-tide cleansing periods. Clam samples were
removed for bacteriological analysis from six representative h ods
in the large car (see text figure) and the two in the small car at
6-hour and/or l2-hour intervals. Water samples from four stations
adjacent to the float were taken for analysis at the same intervals
throughout the cleansing period. Bacteriological data obtalned
during the experiment appear in Table 15 and in Figure 15.

I Hods 21-26 empty I

I Hods 1-6 empty I

1'i'I!lfl
IIIIIII

7 8 91011 12 13

~

1. The water at the cleansing station was relatively clean when the
experiment began but was contaminated seriously during the first 12
hours. Thereafter it cleared rapidly and remained clean. The Bar
Road is not therefore a suitable site fora cleansing station.

2. As might be expected the clams failed to cleanse themselves in
the early phases of the test (TheirM.P,N.'s rose inmost cases) but

~~t~~~\8Sh~e~/:i~~rc~~:r~~te;h~le;~:~(~~e:h:~SW~~';~P~~;~~Sing)
theM.P.N.'s of all the lots (with one exception) had dropped to less
than 2000 and the average for all lots was 1000.

3. The cleansing pattern after the water cleared seemed to show

~~~t=~:tl~S~~ ~~~c;;;~:~ ~dM~~;a~O~~i~;r~m2io~~~o:~~tv:~;~~~~on
obscured the picture.
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Fig. 15. Cleansing indifferent parts of the car (Experiment 4).



4. There were no remarkable ditferences in the rate or extent ot
cleans1ngamongthelotstestedthatcouldbeattr1butedtopos1t1on
1nacarortopos1t1oninthehod.

,. Theextraalrexposuresufferedbytheclams1nthesmallcar
apparently had no1mportent effect onthe1rcleens1ng.





Experiment'!. (June3-1I).

Toe ethe rates ofself-cleansln lndifferent arts
of the car an effect of sam lin dlsturanceontherate usln
stocsofc uniform setaria loads.

Clams were dug from St. Andrews Harbour durlng the afternoon
low tlde of June 3 and stored lnthe coolBlologlcal Station tank
roomuntilthefollowlngmorning. They were then exposed to sun11ght
on the Blologlcal Statlonwharffor one and one half hours during
whlchtime they were washed with seawater.

elimlnate to~~~~:fote;;~i~t~~~sm~~eb~~t:~aih~o:~~c~~~oi~:~~to
obscure differences lnthe self-cleanslngrates of clams when sub­
jected to different treatments (Seeconcluslon3fromExperiment1».
Whentheywerebroughtfromthetankroom,thehodfuls were dumped
lna long pile on the wharf then the 18 hods were re-f111ed by
plcklngupclams lnsmalllots at random from the full length of the
pile.

It was declded to load the float to capacity (26 hods)
toavold "border effects" that blank spacesmlght inducelnthe

~~e~~:l~d~a~~ei~~ af~:~~~o~no~d~~;Oe~l8T~~: (~:i~m:n~ei5_m
were washed and placed lnthefloat slmultaneouslywlththeother18
hods but separate from them (Seedlagrambelow) and were never
sampled.

Slnce the three hodswhlchwere to be regularly sampled at
boththelrlnnerand outer ends would be depleted twlceasfastas
those from whlch slngle samples were to be taken (#1, 13, 11> and 26)
the t11nside and outslde ll samples were taken alternately fromhodsln
correspondlngpositlonsonoppositesldesofthefloat,l.e.sampl1ng
of #3,22 and 7 alternated wlth that of #21>, 5 and 20 respectively".

cleanslng ;~t::sa~~O~~h;e;hn ~~~sS:~;l~~~:S~:~:n~~~~~,a~f:~
21) were left undlsturbed until 36 hours and 3 other (#6, 19 and
23)until72hoursofcleanslngbeforesampl1ng.

Bacterlologlcaldata obtalned from this study and from
water samples takenperlodlcally from four stations adjacent to the
float are recorded lnTable16 and some of these are plotted In
Flgure16.
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1. Thewateratthecleans1ngstat1onwasrelat1velycleanwhen
theexper1ment began but within 21+ hours it showed ser1ouscon­
tam1nationwh1chcont1nued1ntermittentlythroughoutthetestata
somewhat lower leveluntll the end of sampl1ng of the stocks (72
hourscleans1ng). Thereafter (J'uneB-ll) the water scores rose
aga1nandmuchworsecond1t1onswereencounteredthan1nthef1rst
72 hours.

2. Asm1ght be expected the clams showed a relatively sl1ght
drop 1nthe1rM.P.N;'s dur1ng the1r exposure but it 1s cons1dered
to have beensuffic1ent to showup grossdifterences 1ncleans1ng
character1sticshadtheseobta1ned1ndifferentpartsofthefloat.

3. There were no great differences 1nthe behav10ur of clams in

(W~~~v~~ri~ ~~ui~es;:;' t~~tw~i~~~~~e~~~m~~~::~;1~~~~o~atelY
the same tor clams throughout the float1rrespect1ve of the pos1t10n
of the hod they were 1nor the1r pos1t1on 1n that hod.

1+. Thed1sturbance othods ot clamswh1ch attends the removal
of samples apparently has no remarkable etfect onthe1rcleans1ng
behav1our. Itanyth1ng it tends toreducethecleans1ng rate.



~~~~;~l~~s~~:~m:;i:C;~~ht~~~ll~~~~V;h~Oc~~~~:n~:~:
sampling,ma)'besl1ghtl)'betterthan, rather than poorer than,
the experimental data collected heretotore would lead us to
expect.
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,. E?rneriment6.

Correlation othydrograph1cchangesandco11tormM"P.N.'sofwstar
samples In the Bar Road area ..

During the routine water sampl1ng program at the Bar Road

~~~~~;~M~~~~~~~'w~~~s;~~;~~le ~~~;;O;~~k.Jl~~~~a~~o~~ei~e;~~es
of cleansing that experiments conducted this year were designed to
shOW'. No suchser10us changes occurredlnthe experiments con-
ducted in 19,1 so far as the records reveal (MUllan et al19,2)
and this prompted an enquiry into their nature. Tothisend,some
of the meteorological data (Table 17) assembled by the Atlantic
Biological Station and hydrograph1c data extracted from the Depart _
Dent of Mines and Technical Survey's, "Tide Tables for the Atlantic
CoastofCanada,19,2",wereplottedinFigure17alongwithrecords
l1stedearl1erinthisreportfortheBarRoad.

A study of Figure 17 suggested that the degree of con­
tamination of the water is more closely related to cyclic changes
in tidal ampl1tudethantowind veloc1ty or direction (churning of
the water) or to precipitation (runoff from the land). To check
this conclusion three ser1esofhigh-and low-tidewater samples

i~~on~~~;~~ ;~da~})~:~t;~~nI;~a~~~ ar~~l~~~:e~J':~~~~~~;n~h:~
;~~p~~~f~~i;.in Figures 18-20, applying to June 11,18 and 21, 19,2,

The June 11 samples were taken during a period of spring
t1des. Thedaywascalm,cloudyandshoweryandtherehadbeen

im~;~~~~:I~':~~ mn~~h1:~~;~2~r~~~~~}~hf:;~e~~1;~5~~re
The June 18 samples were taken during neap tides. There

hadbeenl1ghtshowersduringtheprevious24hours. The 30 high-
tide samples were takell.from8:00 to 10:00 a.m. when it was calm
and foggy; the 18 low-tide takenfroma.OOto 4.00 p.m. when it
wascalmandsUI1Il)"e The.Tune21sampleswerealsomadeatneap

~~e~;en ~~er:f~t~~'"t~:sp;;~fo~;\~aho~;~11~~; 34r~~g~:~~~; s~:i:s
4~~~ :~~~n from 10.00 to 11:30 a.m.; the 21 low-tide from 3.00 to

A study of Figures 18-20 confirms the conclusion drawn
from the study of Figure 17. Bothhigh-andlow-tidesamples
show that pollution is heavier and w1der-spread during spring than
during neap tides. Onanyonedaytherewasl1ttledifference
between the high-and low-tide readings. St. Andrews Harbour seems
to be the principal source of contamination but there are peculiar

f~:~:~~i::e~eh~~~e~~p:~~ '~~~~e~e~ej~;te:~~~~o~~~t~~'~fi~i~d









Fig. 20. Neap-Tide
10tater sampling of Bar

~~~~f~~:aM:~~.~;,f~;52.
34 high-tide (underlined)
and 21 1010t-tide samples
are indlcated by numbers
opposite "x's" which
sh01otpositionsof
sampling stations.
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Table 17. Meteoru~ogical obcervations from Atlantic Biological

BtationRecords-AprilltoJune30, 1952.

Hmr!~:~~~: Wi~~ DireCti~~ and ~~rce (Be;~rort g~ale) F.

read at 8:00a.m. 7:30a.m. 1:00p.m. 5:30p.m.

April 1

~
g
7
8

d
i~
15
16
17
18

U
~~
25
26

~~
29

3~

~
g
7
8

d
i~
ig
17
18

~~
22

0.09

0.02

0.87

0.03
0.08

l.°3

NW
NE
NE

Calm
Calm

E
B
NE
NE

B
NW
NW

Calm
Calm

NW
N
NE

Calm
Calm
Calm
Calm
Calm

NE
NE
W
W
NE
NNE
NE
NW
NE
N

NE
E
BE

Calm
Calm

Calm
Calm

Calm
Calm

NE
NE

Calm
Calm

BE

NE
E
BE
SW
NW
NW

Calm
NE
N
BE
E
SW
NW
N

Calm
NW
NW
W
B
E

Calm
Calm

NE
NE
W
SW
B
NE
B
NE

-Calm
N

Calm
NE

BE
NE

Calm
NW

Calm
NE
BE
BE
W
NW
NW

Calm
NE
N
BE
E
BW
NW
N

Calm
NW
NW
SW
B
E
NE

Calm
NE
NE
NW
B
E

E
NW

Calm

Calm
NE



'rable17continued.

a.m. (8.00)
Precipitation

48-

~~
25
26
27
28
29
30

3i
a
l
7
8

i~
i~
15
16
17
18

if
~~
25
26
27
28
29
30

0.67

Ui
0.05

NE
E
B

BE
NE

Calm
Calm
Calm
Calm

Calm
Calm

E
NE
NE

SW
NE

Calm
Calm
Calm

Calm
Calm

NE
B

Calm
Calm

NE
NE

E
B
B
SW

Calm
Calm
Calm
Calm
Calm
Calm

NW
NW

Calm
SW
E
NE

Calm
B
SW
NE

Calm
Calm

BE
NW
NW
B
BE
BE

Calm
Calm
Calm

NE
Calm
Calm

3
3 B

i ~

BE
NW
BE
BE
BE

Calm
NW
NW

Calm
Calm

NE
Calm
Calm

B
SW
NE
BE
NW
BE
NW
NW
B
BE
BE

Calm
Calm
Calm

2 NE
Calm

BE



APparentl:rtheheav;ynush1ngottheharbourbas1natthe
t1mesottheh1gh-ampl1tudespr1ngt1deSspreadSPOllUtionoverw1der
areas than usual. Pollut1onmay accumulatebysed1mentation(Ketchum
etal,1952). rtthisbethecase,then1t1sconce1vablethatit
could be"storedup" 1nbas1nsdur1ng neap tides tor spread1ng at
spr1ngs. Such anettect might account tor the great changes recorded.

To the best otthewriterlsknowledge this relat1onsh1p
betweentidalcycleSand:pollut1onleVelShasnotbeenprev1ousl:r
demonstrated or even suspected. It has impl1cat1ons be10nd the
scopeotthepresent1nvest1gation. Thepr1nc1plehass1gn1f1cance
1ntheexecUtionand1nterpretationotbacter1010g1caleXam1nationsot
allshellt1sh-produc1ngwaters.

COnd1t1onsencounteredbYMullaneta11n1951,sotaras
the

y
areknown,aredescr1bed1nTable18. The relationship which

appearedsoclearlY1n1952andwhichhasjustbeend1scusseddoes
not appear 1nthe 1951 data. This 1sunderstandable because the
tac1l1ties avallable tor work that year 11m1ted the Poss1ble number
otobservat1ons. Furthermore those that were made tell 1nSeptember
and Octoberwhenpollut1onlevels are generally" lower 1nth1s area
than1nsummer(Tennantl9l+7and1948).
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~~a~~~~~;pl~5i"(~~eB~~~:de~a;!~ ~9~2~·~~b~ ~w:~er
tif~;1amplitu~:~e~uringthat period. Tidal Water

amplitude MPN Date amplitude M.P.N

Sept. H
t~
15
16
17
18

n
~~
~l
2'1
28
29
30

o
30
79
6.8

140

11
14
49

Oct. 1

~
l
7
8

d
t~
15
16
1'1
18

if
~~
25
26
27
28
29
30
31



-51-

Ketchum, Bt~·h;·d;~r~~:" of~o~if~;"V~;~~~ia inP~om:~s e;~~:;:mt1ng
IcOlou3J(2),2l+7-258,1952.

Mullan, M.~~~~A~~:~h~~;~E~~:~~~i:~: Cim~1~~:~J2~~eri-
Tennant, A. D. • bacteriological survey of clam-producing areas and

~m~~ ~~~~:e~:~r~~~~~:J~~ ~~~ :~~;~ki.a;~~f-

Tennant, AC~;lot~:ca~:~o~~~:calI~i~~Yl~8~lam-prodUCingareas,



that the ~/~~;~CO~db~~ie~;o~~~;~~;r~~t:;~~t~~1:h:1~~n~~~S~~~erc1al_
scalecleanslng and that some area that lsmorenearlytree o!lnter­
m1ttentbacter1alpollut10nmustbefoundbeforecommerc1al-scale
clamcleans1ngcould becons1deredpracUcable.

Prev10us stud1es' of the Passamaquoddy Bay area suggest that
Holt's P01ntmight be satisfactory. These earlystud1eswere rev1ewed
and more observat10nsmade 1n1952.

Results of Early Surveys

Point area~y~: ~hi~~~J~;:r~i:;e;~l;~vr:i~nt~e~h;nn:~:r:;;~s
of Nat10nal Health and Welfare. Samples were taken at high tide
dur1ngara1nstorm. Thet1dewasatan1ntermed1atephasein1ts
cycle (ne1therneapnorspr1ng) at that time. The results of the
bacter10log1calanalyses of these samples are l1sted below and are
plotted (underl1ned) 1nfigure2l.

Sample No.

mn~m~ m~r (Wheaton) Lake

Col1formM.P.N.
perlOOmlo

Onvar10usdatesin 191>9,Mr.TennantoftheLaboratoryof

~~~:~esi~~k0; ~:~;; ~~1~~~er ~:~;~~~m~~hef~~:g:h~fIi;~fd~n
(highorlow}1ssuppl1edw1ththese. Theresultsofanalysesappear
belowllndareplotted(withoutunderl1n1ng)int1gure2l.

• See also sect10n of th1s report by Mr. Dohaney.
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Col1formM.P.N.
perlOOml.

Jlmel7 D1ckIsland,wests1de(l)
Junel7 D1ck Island,west s1de (2)
Jlmel7 D1ckIsland,northvesttip
Junel7 D1ckIsland,east'S1de
Junel7 Hog Island, north shore
Junel7 HogIsland,eastshore
Junel7 HogIsland,southshore
Jlmel7 Hog Island, west shore
June 27 B1gBayCove (Head of Bocabec Bay)
~; ~i ~i~~~g~:~ R1ver (East shore)

July 28 B1gBayCove
July 28 D1ckIsland,easts1de
July 28 D1ckIsland,wests1de
July 28 BocabecRiver,nearmouth
July 28 BocabecR1ver,R1gbwayBr1dge
Oct.14 D1gdeguashR1ver,eastslde
Oct. I, BocabecR1ver,R1ghwayBr1dge
Oct. I, B1gBayCove

Theresultssuggestthatalthoughthere1ssomecontamina­
tionofthewaters1nthisreg1onthearea1mmed1atelyaboutHolt's
Po1nt1srelat1velyfree.

Resultsofl9528urveys

It seemed important to have further 1nformationabout the
Holt'sPo1ntareabeforesuggestingthat1twouldbeasatisfactory
s1teforclam-cleans1ngoperat1ons. Accordingly three further
exam1nationsweremade 1nI9,2-the first by jun10r author.

The writer's stu4yofwater cond1tions 1ncluded aw1de area

~~."~~ ~~i::~n°l~~ogh~~~nd:;;~ ~~661.:.P3~1~g~:t~~:Ps;;~r~; we~
~:;:~n~o r;~;r:1~~~nat~;r~~ts~8t~~~; •W1ndOnt~~ed~~ ~~t;~~rr2 ~g
and 2:30p.m. 42 high-tide samples were taken. The weather then
was calm and cloudy and there had been no ra1n 1n the preceding 72
hours. On June 27 between 8:00 and 10:30a.m. 39low-t1de samples

~~eb;:e~~avyT~~~e~:s1~ ~~~h~8n~~:sw~~~C~~~~~h;h~~;~n:~ere

The results of the analyses of these samples are presented

~~~~~n2~1.e.OU~~.7;7w~~p~~~8)~'f~~r50fi~:~:p~~:;;o~~~-

1::etr:ll, ~~~~~~: 7~~Jt:r[:b:~~~O!:;;:~~!~:~i;:~:e ~~
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The 1952 dete suggest thet es regerdspur1tyofveter, the
Ho1t'spo1ntereevouldqual1fyassat1sfactoryforc1amc1eansing
but they ell epp1y to neap-t1de cond1t1ons. Ind1scuss1ngthe
resultsofexperiment61tvaspointedoutthetebacter101og1cal
survey such as the present should inc1udecondit1ons atd1fferent
pheses of the t1dalcyc1e. In this case it seems des1rab1e that
further sampl1ng be done at 1eastdur1ng a spr1ngphase before any
con1'1dent statement 1smadeonthe qual1ty of the vater.
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The 1952 work at the Bar Road showed that abetter sIte was
needed fora clam-cleansIng station. From what Information was
avallablefromearlysurveys, Holt's PoInt seemed suItable and severa1
observations were made to provIde abetter basIs for Judgment.

OnJuly8,1952,whentldeswerelnthespringphaseahigh­
tIde and low-tide serIes of 17 water samples each was taken and sub-
Jectedtobacterlo1oglcalanalysls. On July 10, when the tIde was
at an IntermedIate phase between sprIngs and neaps, the same sampl1ng
was repeated. On August 3, when the tides were In the same phase as
on July 10, four more high-tIde samples were taken. The posItions
of the numbered statlonsfromwhichthese samples were taken are shown
In fIgure 23 and the results of the bacterIologIcal examinations are
reported in table 23.

On both September 18 and 19 when the tlde~ were In a sprIng
phase,ahigh-tldeandlow-tideserlesofsampleswasllgaintak"n"t
Holt's PoInt and also the Bar Road. Therehadbeennoraindurlng
the week precedIng September 18 but there was a heavy raIn during the
nightofSeptember18tQ_19. On September 26, when the tIde was In
a neap phase, the sampllng of the two areas was repeated 0

~;C~~~f~l~*~::~~~~=:!~t~~g~E~:E:i~n~~E~sE;~~~f~~~:~~:~~~.

1. A study of these 1952 records shows that even after heavy rain
the waters In the vIcInIty of Holt's PoInt, durIng both sprIng and
neap tIdes, yIelded col1formscores In the same low range found to
prevall there durIng prevIous surveys. ThIs Is In sharp contrast
with the hIgh scores obtaIned from samples takel) after the same heavy
;:;~le~u~f::fd:ds~~n~og~~;,.a~o~~s~ar Road. Most other Bar Road

2. The data substantIate Tennant and Erdman's deductIon that 'oldsl
phases are Important Indeterm1n1ng the level of pollutIon at the
Bar Road and also show that areatobeunsuitabbasa sIte for a
clam-cleansIng station.

3. Holt's PoInt water, on the other hand, seems to be suitable.



F1g.23. Pos1t1onsoflNlllberedsampl1ng
stat1onsoccup1ed1nJulyandAugust
1952 survey of Holt IS Potnt area.



1'1g.24. Poslt1ons of numbered Holt's
Polntsampl1ngstatlonsoccupled
September 18, 19 and 26, 1952,durlng
bacter101og1calsurveys.



PosltionsofnumberedBar
Roadsampl1ngstations
occupledSeptember18,19
and26,1952,durlng
bacterlo1og1calsurveys.
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Results of bacteriological analyses of July and ~u.."Ust

19,2 Holt's Point water samples.

<l.8
3.6

<l.8
<1.8
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<3
3.6

<3
<3

7.2
3.6

<3
3.6

<3
<3
<3
<3



Results of bacteriological examination of water samples
takenfromHoltlsPointandBarRoadareasat~
~,September19,1952,afteraheavyrain.

~

~~!~~~g
(see fig.

2itl

1

a
g
7
8

d
i~
15
16
17
18

~6

3.6
3
9.1
9.1

23
9.1
9.1
9.1

23
7.2

it3
39
3·6

<3
<3

9.1
<3

3.6
<3
<3

23
23
23
9.1

15
9.1

23
23
23
23
3.6
3.6
3.6
3.6
3.6
3.6

<3
<3
t~

2itO
it3
23
it3
23
it3

9.1
23

150
>1500

150
>1500

>1500
<3

>1500
<3
<3

290
>1500
>1500

it3
15.0
15.0
3.6



~~!~~~
(see fig.

21+1

~~!~~~
(see rig.

25)

1

~
g
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8

d
i~
15
16
17

High Tide Samples

9.1
15.0
23
3.6

<3
<3

3.6
9.1
7.2
9.1
3.6

15.0
3.6

23
23
3

15.0

1

~
g
7
8

i~
23

g
~

d
i~
15
16
17
18

~6



Clam-cleansing tr1als at Holt's Polnt

As a check on any conclusions tha~ might be drawn from wator
sampl1ng as to the suitabllity of Holt's Point as a site for clam

~::~~t ~~t;~t~o~~ts:w~~:-~~~;u;~/ji~i~sf~~o~ec~::/~~
September 22 to 25, 1952.

The first lot consisted ofa single hod which was fixed to
the beach in the inter-tidal zone by stakes driven into the bottom.
Tripl1catesamplesofclamsweretakenatthetimeofdiggingand
after 72 hours of cleansing. The second lot comprised 20 hods and
was placed in the floating car. Single samples were withdrawn
randomly from the stock before exposure and from all parts of the
car at various times after cleansing began. The results of the
bacteriological examination of these and of water samples taken at
thecleanslng statioLlat sampl1ng times appear in table 27.

Conclusions

1. The results show that in polluted clams, held off Holt 's Point
under what could be termed "commerclal-cleanslng lf condltlons, the
col1formcountdroppedrapidlytoverylowlevels.

2. The pattern of decreasing counts, in the September test was
more nearly logarithmic than the characteristic pattern obtained
intrialsconducted in 1951 and 1952 at the Bar Road. This may be
the result 01" a more constant f'requencyofcollformbacterlaln
Halt'sPolntwaterorct'thepresence,lneitheroneottheareas,ot
sOllle other biological factor.

~~ eff~C~l~a~:~:;M~~i~~fl~~e~0~~~/~:~~wt~4~~.allthat is required

4. These data taken with those reported in tables 24 to 26 strongly
suggest that Holt's Point would be a satisfactory site for a clam­
cleensingstation.

5. The floating car seems to provide good conditions throughout
forclam-cleensing.

I,



Results ofbacterlo1og1calexamlnatlonoflolater samples
fromHolt'sPolnt and of clams cleansed there July 31
to August 3 and September 22 to 25, 1952.

oHours
13

rter ~gart o\61eans7~

July 31 to
August 3

September
22 to 25

5400
7000

AV.~

10,000 1,1962,210

15

620
540

AV.~



SANITARYANDBACTERIOLOGICALSURVEYSOFHOLT'SPOINT,N.B.

SHELLFISH AREAS NB 40 AND ~l

Toa1dintheappra1salofHolt'sPo1ntasas1teforclam

~~~:~~ru;~~e~r~~:~~~1~~~1i:e~9~~~results of earlier examinat10ns

In July 1951, at t1mes of neap t1des a sanitary and bacter­
1olog1cal examinat1onofthis area was completed by the author and
Mr.E.Nason. On July 3 when the t1dewas approach1ng the "high"
stage(tflooo),lOwatersamplesweretakenandonJulyll,atlow

~}d~h~;ee~~;,c~i1::~lb:c~:~iat~:npres~~~e~e~;~~;et~6.analyses

water at t:~ ~i~~~dS show that these organisms were rare in the

Twoposs1blesourcesofcontaminationwere1nd1catedbya
sanitary survey. In each case the sourcBwasa summer cottage: one,
apr1vys1tuatedonthebeach,theotherasewerlead1ngtothebeach.

~:c§:;i~;~:;c~~;~~8mlnatlonof the waters surrounding Holt's Point

exam1natiO~w~~~t~~~~~c~~dli~2h;01:;~ia~:"'~;:: ~~rH~w;:r~~i~f1~~;n
thet1dewash1ghandflooo1ng. Another 10 were taken September 9
when the t1dewas at the half-flood stage. &th1rdser1esoflOwas
gatheredSeptemberlOatlowt1de. Thesesamplingsweremadewhen
the t1dewas at alate stage1na "spr1ng" phase of its cycle. The
amplitude decreased from 23.9 feet on September 8 to 19.6 feet on
5eptemberlO.

The results ofbacter101og1cal analyses of these samples
are presented 1n f1gure 27.



Flg.26. 1951 Neap-tl4.2bacterlo1oglcal surveyofHolt'sPolntwaters.
uxts"showpositionsofstat1onsoccup1ed. The numbers are the coll­
form bacterl~ M.P.N. counts on water samples. Underlined values
ane forhlj!h-t1de Ju:lll' 3, those not underlined areforlow-tlde July
11 samples.



xo'

f'"SSAI'IAOVlfDDY

Fig. 27. 1952bacterlologlcal survey of Holt 's Point waters at a
late stage ina spring phase ofa tldaleycle. "x'sushowthe
posltlonsofthestationsoccupledonSeptember8andlO. The
correspondlng numbers are the col1formbacterlaM.P.N. counts,
those underlined applying to the September8h1gh-tide samples,
thosenotunderl1ned to the low-tlde September 10 samples. The
dots show the posltlons of the stationsoccupled September 9

:::~e;~ea;;d~h:a~.;:N:h~o:~~-~~~~om~~~ci~~l~~rreSPOndlng
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The follovlng table 15 anexcerptfromthemeteorologlcal
and hydrographic recordscomplledat the Atlantic Blologlcal Statlon
lor the immedlate area.

Ralnfall
In

Date ~,e~~~~:
1952 (lnches)

8

" 9

Water

t:~:.

12.7

12.6

Insplte of the ralnandheavywlnds of September 7 and the
heavy 1'lushing of adjacent estuarles that went ondurlng the 1'u1l

~~i~~c~~~:~n:~ ~~yt::h t~~~:;: ~~~oi~~~h~a~~;~iaa~nH~;;~:mber
8. All the M.P.N.'s were less than 10 except one applylng toa
statlonwell up Bocabec Rlver.

'11th calmer weather and some reduction In the tidal flush­
1ng(thetideswerestl111nthesprlngphase,hovever)thewater
wasvlrtuallyfreeofcollformbacterlaonSeptember9andlO. These
1'1ndlngsaccordwlththoseofErdmanfortheBarRoad. The level of
pollutlonlshlghestwhenthetldalamplltudelsgreatest,l.e.the
worstcondltionsoccuratsprlngtldes.

The water temperatures at the time were close to those
recorded by Erdman and Mullandurlng thelr summer studles.

A sanitary survey of the area at the time of these
sampllngslndlcntedthatnoaddltlonalposslblesourcesofcontamlna­
tionhavebeenlntroducedtotheareaslnceJuly195l.

Thesefindlngs support thevlew that Holt's Polnt may be
asatisfacto17s1teforclam-cleanslng.



Eight and a half hods (4tbushels) of clams remained in the

;~:;i:n~a~h~~~e~o::~~:~i~~yo~6:he ~b~;t37t~;s~~;~~e;~m~:~dRoad
(total time in car !+t days) and taken to Chamcook Seafoods plant and
shucked after "hot-dipping".

ApproximatelyljC of the animals were "sluggish" and discarded.

~~:r~:~to~e~4 ;~~~dp:~e~::ld~~ :::~l~i~i~~.59 ~~~d;i~fdm~~t30-t~
ItOjChigberthanthisplantordinarllyrealizesfromprocessing
commercial lots. The plant operator observed that the shucking was
remarkably easier and quicker than with regular lots and that the
meats were so clean as torequ1re less washing than usual betore
packing. Theshuckerspreferred opening the cleansed stock to open-
ingregularcommerciallots.

All the increase in yield and part of the speed-up in
handl1ngisattributedtotheabsenceofbrokenclamswhichwerere-
moyed before cleansing. (Clams with cracked shells are slow to
shuck and badly damaged clams have to be discarded.) The rest of

~~et~~e:~;~~c;no~r~~~s~~di~~u~~~t:
d
s~:n;W:~~i~~ ;:"n:r~:mes.

The conclusion drawn from this test is that even if the
cleansing operationswerecostlyitmightnot be a deterrent to
commercial use of stocks that might be fished in polluted areas
because the higher costs will be offset more or less by the higher
yields and reduced costs of processing.

The 59 pounds of meats resulting from this test were
distributed among staff members of the Atlantic Biological station.
The meats were fried and used in chowders and clam pies. Everyone
agreed that the qual1tywas as good or better than that of regular
packswithwhichtheywerefamlliar.



The reports assembled here greatly improve our Wlderstand­
;~~l~~t~~~~~blems involved in cleansing sewage-contaminated soft-

We have confirmed last year's conclusion that when the water
at the cleansing station remains relatively free of col1form bacteria ,

~~:~rh~~:~l~l~~m~~c~:~e~~~~~;;r"f~8eh~~~elv~~~fp~~~:; ~;l

~::~e~~ ~~s~: ~~e~~t~id~~wo~a~;~~e~;;~~~~~:am~~c~~~ it
is not affected appreciably by air-storage of clams for periods up t 0
three days preliminary to cleansing or by inter-tidal air-exposure
during the cleansing operation. Crowding clams in halt-bushel hods
Ilnd placing hods filled with clams close together ina floating
cleansing car has no effect on the rate or extent of cleansing in the
actively circulating waters where the tests were conducted .. Asatis­
factory cleansing car has been designed and operated and a seml-commer­
clalsizelotofcleansedclamshasbeenprocessedinan1ndustrial
shucking plant and found to compare favourably in handling characteris­
tics with regular lots otclams received through trade channels from
approved area.

The three characteristic phases of the cleansing process
have been explained in terms of known physiological processes of clams
on the basis ofa simple hypothesis which seems to satisfy all the
observations made so tar. The significance ofM.P.N.'s of coliform
bacteria in cleansed clams as an index to the l1kely frequency of
pathogenic bacteria is fundimentallyaffected by this hypothesis and
it is being examined inthel1ght oflaboretory experiments being
conducted now at the University of New Bruns;,ick by one of the authors
of this combined report.

The Bar Road area has been eliminated as a possible site
for a clam-cleansing statlonbecause it has been shown to be period­
ically subject to sewage contamination.

The periodicity of the Bar Road contamination conforms with
that of spring phases of tidal cycles. Tidal flushing of adjacent
contaminated estuaries (e.g. St. Croix River) brought about by high­
amplitude spring tides, seems to carry pollution over wider areas
thanflushingwhichoccursduringlow-amplitude,neaptides. This
app~ars to be the first time such a relationship has been demonstrated.

;fg~f~~~~~si~e~~~~i;g ~~ :dm~ i~~=~~;~trn:u~~~~t;to~o:fl it has
becteriologlcalsurveysofmarineareas.

An extensive body of data has been assembled showing that
Holt's Point waters a!"e practically free of sewage contamination and

~~~t;~k~~r:ui~am2f~~r~~:r;t:~~~~onci~~i~~e::i:c~~:~:~~fief
that industrial advantage may soon be taken of our findings.
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