
• 


FISHERIES RESEARCH BOARD 

OF CA.NADA 

l>1A.NUSCRIPT REPORTS OF THE BIOLOGICAL STATIONS 

No, ltlto 

Title 

Preliminary Experiments in the Self-Cleansing of Clams 

(Mya arenaria L.) 

by 

M. \'1. Mullan, A. B. Williams and D. R. Colwell 

Fish 	Inspection Laboratory, Halifax, N.S. 

In co-operation with ...: I 
J. C. Medeo!~.. 

Fisheries Research Board of Canada 

1952 . 

i .
• 





FISHERIES RESEARCH BOARD 

OF CANADA 


MANUSCRIPT REPORTS OF THE BIOLOGICAL STATIONS 

No. 440 

TItle 

Preliminary Experiments in the Self-Cleansing of Clams 

(Mz!! !n:~nlU:i!! L.) 

Author 

M. W. Mullan, A. B. Williams and D. R. Colwell 


Fish Inspection Laboratory, Halifax, N. S. 


In co-operation with 


J. C. Medcof 


Fisheries Research Board of Canada 


1952 



TABLE OF CONTENTS 

Page 


SECTION I. INTRODUCTION .. . . .. . . . . . ... . . ... . . . . . 1 


To discover if clams cleanse themselves and if 

so how method of exposure Rnd type of container 

affect cleansing rate. 


To determine more precisely the shape of 

cleansing curve for clams that are always sub­

merged and those that are periodically exposed 

to air in the intertidal zone. 


SECTION II. LOCALE • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 4 


Selection of experimental area ••••••••••••••• 4 

Bacteriological survey •••••••••••••••••• ~..... 4 


SECTION III. DESIGN OF EXPERIMENTS ••••••••••••••••• 8 


SECTION IV. EQUIPMENT • • • • • • • • • • • • • • • • • • • • • • • • • • • • 9 


Experimental equipment ••••••••••••••••••••••• 9 

Laboratory facilities ••••••••••••••••••••••••• 9 


SECTION V. METHODS ••••••••••••••••••••••••••••••• 12 


Selection of experimental stock ••••••••••••••• 12 

Hydrographic procedures ••••••••••••••••••••••• 12 

Bacteriological procedures •••••••••••••••••••• 12 


SECTION VI. EXPERIMENT I . . . .. . . . . . .... . . . . . . .. . . . 14 


SECTION VIr. EXPERIMENT II ••••••••••••••••••••••••• 18 


SECTION ·VIII. EXPERIMENT III ... . . . . .. . . . ... . . . . . . . 22 


To discover the effects of crowding clams in 

containers on the rate and extent of self­

cleansing. 


To discover the effect of "dug-age" on self­


SECTION IX. EXPERIMENT IV......................... 27 


cleansing. 


SECTION X. EXPERIMENT V ." ••••••• ., •••••••••••••••• 30 


To discover the effect of preliminary hosing 

on self-cleansing. 




- 2 .~. 

SECTION XI. ~ • • • 0 ~ ~ • • • • • • • • Q e • • • • • • •EXPERH1ENT VI 33 


To discover the effect o.f shell-breakage on s elf ­
cleansing. 

SECTION XII. RxpERlMEr~ VII ..••••••• 0.............. 38 


To discover the effect of severity of contamina­
tion of polluted stocks on i.heir self-cleansing 
rate 

SECTION XIII. EXPERIMENT VIII ••••••• v.............. 41 


To dtscover the effects of different methods of 
nreliminary storage of polluted clams on their 
self-cleansing. 

SECTION XIV. DISCUSSION 42 


Experimenta1 conditi.ons •• 0.. 0. . . . . . . . . . . . . . . . . . 42 

HYdrographic conditions •• ~................ 42 

Sanitary condition of water at the cleans­
ing station. e.... o... e."no. o.............. 43 


Phases in self-cleansi.ng .••••••• 0.............. 44 


Pra.cticability of results •• 0..... 0............. 44 

·f · 

SECTION XV. RECOMEENDATIONS •• 00.0 •• 0".00 .......... 46 


SECTION XVI. REFERENCES •• 0 • 0 0 0 • 0 0 0 47.. 0 •••••• o ••• 0 • • • • 

http:self-cleansi.ng


SF.cTION I. IIITRODUCTIO Ii 

1. In the summer of 1951, . he Canadi an Department of Fisheries 
in co-operation with the Atlanti Biological Stat ion of the Fisheries 
Research Board of Canada " conduc ted preliminary experiments in the 
self-cleansing of sOft - shell clams (MyCl: arenaria L.). Such studies 
were deemed timely first, be oaus e of the importance of the clam 
industrYD The clam is t he Mar i+-imes ' commer ially most important 
mollusc. Its marketed v'alue 1s 1950 "fas $1 ,400,.0000 The study
1s timely for a second rea son8 I ncreasing numbers of clam beds are 
being closed because of sewage pollution" Not only has t he number 
of closures increased, but, \'lith t he dep l etion of the stocks i n the 
unrestricted bed s by intensive exploitat ion;, the quarantined stocks 
have come to represent a greater and .Q'reater proportion of the total 
clam population on the coas t D 

If the producti.or! f r om the se closed beds was made available 
to the fishery the Department of Fi sheries would be in a better 
position. in working out m.anagement programs that might involve area­
to-area rotat'ion of digging with re s t per iods betweeno Such a device 
would have a long-term benefi cial. effec t on the i ndustry. 

2e It is apparen , t hen tha the development of a prac ticable 
cleansing system would have dist i nct economic and administrat ive 
advantages~ however, it would also be adv'antageous from the point
of view of public healthD The saf e use of polluted stocks after 
cleansing would greatly reduce -c;he rjsk that. arises from t he small 
quanti ties of pollut ~~ d clams that ar _ marke t ed i n spite of the best .. efforts of the fishery of fi ee:rs 0 prevent fi shing in the closed areas • 

Diggers part i c ipating n · h .8 :illegal trade have much . 0 
gain. From the relati vely wel l 8t , cked <.::1 sed beds, they can dig 
more clams in a day t han t hey ca from t he depl eted open areas.. They 
represent the polluted c l a.ms a s being from open areas a!1d sell them 
at the pr ce pre"vailing f r ~ egali'-procllred l ams.. From this practice 
they gain enough to make i t 1)}'or Jh runni ng t he r i sk of being caught and 
prosecuted ~ If by vi rtue of an approved clean si ng system, the polluted
stocks could be rendered marketable ~ t he digger s could achieve the same 
gains legally and without j eopardy t o t he publ ic health. Besides 
this the exploitation thus made possi ble l,vould reduce the stocks in 
closed areas to about t he same l eve as in the open and the temptation 
to market pollut ed clams d~rectly would to a l arge extent disappearD 

3 .. In the pas t shellf : sh purif i ca t.4on problems have received 
considerable attentton both in Europe and North America where sewage­
contaminated shellfish are recoe;nized a s a serious healt h and economic 
problem. The classicF'l wor k i n t hi s f eld was done by Dodgson (1928) 
who re\Tiewed the problelli8 wi t h great car e and described experiments on 
mussel purification conducted. i n England 0 

The first of ;he ;:l ':-' 'wa~: s j mpl~ the t k ng cf shellstock from 
polluted water and relayi ng t hem. 1n clean area ~ The mussels were 
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found to cleanse themsel,res but several fac1.ors make this system un­
satisfactory in &1g1ando Few a reas could be fOUIld near t he producing 
gr01mds \vhich vlere not p ol luted n The alt.ernativ e t he use of clean 
areas on the open c oast , was ruled out be'~'ause t he distanc e s involved 
were too grea t a~d mu s se l s relaid at such exposed spots were frequent.ly 
washed a,·ray or c overed with sand and mud" 

As an alterna t i v e to the rela.ying process at t empts were made 
to purify mussels by pl acing them in tanks of water whi ch c ontained 
some active chlor i ne o I t was t ought ~hat the d· s infe"ting effect 
of the chlorine plus the _atural eliminative activi t ies of t he mussels 
would be effective. prov _di.c.g of' COll'~e tha t t he cr.~orine did not 
interfere vii t h the ' norm.al fun:;-10tl.ing of the musse l s 0 

Early \oJOrk seemed t o ind .,_ate t hat purification could be 
effected in 24 hours us ',ng a cr.uo ...ne concent l'ati n of f r om 5 to 10 
p.p .m.. Dod gson, h ovr 'v er.. determin':u 'bat ac tive chl r i ne l.n excess 
of 1 p ..p .. me inhibit ed the mussels " ElX0!".... ory processes making puri,fi~a-
tion impossiblee Tests showed t la t the presence of chlor i ne in con­
centrations below ' p ft P ~ m o did nat; ',r~ibi t t he biologi c al proces ses 
of the mussels but i t s use wa~ ~ecessary be ause musse l s c ean sed 
themselves in clean wat e r JUST. as we l l when here vias no c bl,ori:r e 
present at 0.110 

. 
Dodgson showed tha pUTii'~cation of mussels could be assured 

by holdtng '",hem in clean wa~ er for a pe iod of 7'c:. hours and t his led 
cto the adop tion on a commerc1.· s~ale of he Conway pur. f ication 

process for mus sel s and oyste "5 J This sys tem has be e_.4 1.n use now 
for thirty years and has amply c onfirmed Dodgson 's concl usi onso 

4., Of much greater imp01:''t anc9 0 he" astal reg"ons of Canada 
is the wor k of Renn, ( 194 ry ) and Da ._as and M~Carthy (19' 7) who 
studied clFlm pol l uti on problems l ' the Sta'"'e o~ Ma "sachusettso The 
method favoll.red by Renn i s rathe..L S.:l..Ilrl lar t o t 1e operat i on described 
by Dodgson. He found -hat c lams read. ly cleanse thems e l v es in clean sea 
'vater but that i n Ma-s s achusetts lean water is s o hard ,0 find close 
to the centres of product i on of c o aminated clams hat.1t is cheaper 
to provide tanks ~ a s in England<i\ of' artificially purified watero 

Ren.'1 found that c .ams helj i n c .....ean chlorine-free 1.'later can 
be depended upon t o purify 'themse.ives enough .for con.for mity 't/ j.th the 
Public Health regulations of the State of Massachusetts " The best 
results of the series of Axper iments reduced the coliform 'bacte r i .al 
count from 350~OOO tc ' ,3 :.per 1 00 ml o 1 40 hoUl'S o 

Tn addit':" on to t e tank purif ation system de scri bed above, 
Renn also attempted to purify clam b holdlDg them n c rat es on t he 
beach be10\1 l ovl-water marko His e pe 'f.ment was .. imilar t o those 
conducted at st And e,\I's c .:'!J '";0 be de s ' r '1bed"0 

Tennant (1 / 48) des" .:. 95 #:t. ~ asults of a c lam flu s hi.ng 
experiment using a concretG J'~ ! c::.. ulat ng s e a. wat er at t he 
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t l ant i c B1ologl.ca. Stat_on , He was able r.o demonstrate cle ns ing 
so l.ong as t he water WaS free of contaminatlO!1 but.. the lilAce .,ain t y 
of the qual~ ty of the sea vater pumped thr(l11gh h Biologi al 
Station ' s tanks made 1 lmpossib:' e to conduci. a .::ireful g,udy there o 

5' 0 A realizat::;on of the need in Can3.da for a cleansing sy t ern 
applicable to soft-shell clams has been. grovring or some t l.lll6 i n 
the minds of those _ "shF:=r:!..es and Pub 1c Health offi ':'als concerned 
vii t h 'the Indus ry he D~paI T;men ' ryf Fi sherie9 is lnteres ' ed . .' 
developing an ecoItQ,nicall;} pract ' ca1:Jle cleansing system appli cabl e 
to oft-shell claIU!'-: 3.'1j local eond it1on. as we have already po nted 
out e The shores 0 -.t e Hax1 t tmes are inden... ed wi n many a a e ssi. bIe 
inlet s, many of \>J'hi~h are free from se rage poll --:1 n~ A c_eansing 
system making use of hese natural wa'te s shou d be more economical 
t han one involving hl.gh 1 stall atrc.n and mai.!1 - :=!nce cests of ' anks 
and pump u 

A the 195': meeting of the Interdepa_ m'n-ral Shell.flSh 
Committe ~ the reallzat~orl ~ame to a head 0 he Comru":' ttee" _ ­
elUd. i ng representatives of the Depa.r ent o.f Na _,-nal Health 'and 
Welfar e, and ~he Department of F1sherie ~ ~ adopted a mo~lQn re­
commending that the At ant .. " B101og'':':'cal S at i or.l and "the Plsh Inspection 
Laba atory co operate i 1.951 to carry OU ', prel~m111.a=y exper'-m,ent s 
i n t hi s field& The F sh -n,spec lon Labo a'to Y -las f he :r e que sted 
to !llak$~ a baeterlo1og1 ill Sllrvey of he region. about the At a!... , ~ 
BioI ,001(>al Station w_t.h vie" t o disco ar ing supplies of cont amina 
ted (.;_ ams for se as xps llT'ental st ock and of a conve :.lent clean·­
",fat e r ...... ea that nugh ;;l':> c: as as' t e f or he l.s.ing experiment a 0 

Dr o J o en Medeaf of ... he B.L logi c al Station ,,,as asked + 0 mee!. w.ith 
Mr 0 W~ J ~ Brownlee and tr" M" W" MullarA. of ~he F'sh Insper;ion 
Laboratory a..'"ld plan f.L"ld .u Que · t. e inve~t::.gatl on ~ ... nce t hey h ad 
been advoc:ating it or some -:_mso 

Dl' ing the cour:.e of the work whi h follmv ed Mo • Mu.l.J.an 
wa s i n charge of the Depar ment of Fisherie s? Moblle Baeter olog:ical 
Laborat ory which 'vas ass1gned to the investigation and was assisted 
by Ao B.. Williams who was rel.ieve d part of .. he me by D" R. Colwell 
both Bacteriologi s-+- Q of "he Fish Inspeotion Labora1.;ory. r o Ao w~ HQ 
Needler , Director of the tl antlc Biological Sration., ac ad a.s a c on­
sultant and Dro J .. C. Medcof was directly responslole for the St a t ion Os 
share of the eftor-+- w l'h involved several members of the Fisheries 
Research Board IS staffo 
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SECTION 110 LOCALE 


It. bar joining Minister Ws Island in Pas samaquoddy Bay to the 
matnland at St o Andre s, N ~Bo (figo 1) was selea ed as the experi­
mental cleansi ng s i te o Waters of th s area f orm part of the Bay 
of Fundy system and are t herefore "harac erized by high tides and 
low summer water t emperatureso The bar s exposed at half=ebb 
tide, and is regularly us ed a s a private roadway to and from the 
Islando Strong t idal cur ent sweep the bar when it 1s submerged 
except for a brief per iod at high slack tida o The f ollowing 
characteristics recommend t he area as an exper i mental cle~~sing 
site. 

10 	It is reasonably close (2 to 3 mi l es) t o t he 
Biological Stat ion and Sto An rews, and accessible 
either by automo bile or boat o 

2. 	It is centrall y l ocated ill relat ion to consi der ­
ably well s tocked areas of pollut ed clamso (Oak 
Bay, Sto Andrews Harbour and Magaguadavic Ri ver) 
so a variety of stocks i s available fo r experi ~ 
mentationo 

30 	 Ther e is a vi gorous c rculation of c-.ear, hlghly 
saline sea wat er over a mud~free bottom o 

40 	 The water show s only t race s of sewage cont amina= 
tiono 

The bacteriological survey which served as the basi s for 
selection of the bar inv lved an analys is 0 water samples from 
the general region and from nine s~rategically located sampl ing 
stations (see figQ 1 ) 0 Besides "(;his amples of cl ams from four of 
the stations were te s t ed.. he resu.lts are pre sent ed in tables 1 and 
2 .. 

The rec ord s show that t he coliform bac terial content of the 
water (Table 1 ) wa s almost consistent y l ow and might be expected t o 
provide conditions suit able for t he proposed experiment so 

In all cases the coliform bacterial content of the cl ams 
tested was low (Tabl e 2 ) confirming he conclusion drawn from t he 
analysis of Table 1 .. 



- 5 ­

P ASS AMAQUODDY 

BAY 
-\ 

11 .......... _-P M ..f _ ..:; ................. __ 1 _ T r- __.;.1 n~ __ 1 1"'1 ~_ , 




Table 1. 	 Results of quadruplicate measurementsof coliform bacterial content per 100 mI. 
(M.P.N.) of waterAiramples taken under different tidal conditions during the 
bacteriological survey of Minister's Island Bar area, June 27 to July 7, 19,1. 

Regular Half-ebb Low-ebb Hlt1f-f1ood High-flood Miscellaneous Sampling Points 
Sampling . June 29 June 27 July 6 July 3 (see fig. 1) sampled at half­
Stations M.P.N. M.P.N. M.P.N. M.P.N. ebb July 4. 

neg* 9.1 3.6 neg 	 Sample No. M.P.N. 
Ii 43 23 neg " It23 9.1 3.6 	 169 3.6 

3.6 9.1 neg 	 170 neg" tlAverage . 17.4 12., 1.8 neg 	 171 
172 " 23 	 43 3.6 neg 173 " \I 	 ,tB 	 901 93 neg 174­

9.1 23 " 	 175" 	 " It 	 tI3 0 6 23 	 176" 
Average 11.2 45.5 neg 	 177 " 

9.1 9.1 neg neg 
c 3.6 9.1 3.6 " 

IIneg 3.6 3.6 
It 23 neg " 

Average 3.2 1102 1.8 neg 

neg neg 	 neg 
D 9.1" 	 " 

" neg 	 " 
" 	 306 n 

neg 	 302 negAverage 

neg 	 neg 3.6 
It 3.6 neg 

E 	 901 901" neg 9.1 
Average 302 5.. 4 

neg 	 9.1neg 
n neg" 

F -3.6 "" II 	 II3.6 
Average 1.8 neg 	 2.3 

lt60 neg 	 neg 
460 " 	 " 460 	 ttG " 
460 " 	 " 
460 	 neg negAverage 

neg 	 3.6 3.6 3.6 
tI 	 9.1 neg neg 
IfH 	 9.1 3·6 3.6 

9.1 	 3.6 neg" 
jl;verage neg 	 7.7 2.7 1.8 

neg 23 3.6 3.0 
Jf 9.1 neg neg 

9.1 	 3.6 3.6I " 3.6 	 3.6 neg" 
Average neg 11.2 2.7 

.* This sample taken June 27 - all others in this 
column on date indicated. 



Table 2. Results of triplicate measurement s of the coliform 

bacterial content per 100 mle clam samples taken from 

four stations on Minister's Island bar~ J~~e 28, 1951. 


Sampling 

Station 


Average 

B 

Avera.ge 

c 

Average 

D 

Average 

Meats and 
Shell,-liquor Meats 

combined alone
_. 

MoP o N~ MoPoN. 

91 2400(7)

91 750 


230 930
-
137 1360(7) 

230 430 

73 230 


230
~.2! 
131 297 


930 930 

930 930 

230 2lf.OO 


697 1420 


91 230 

91 230 


neg 91 

~ -

61 183 
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SECTION III. DESIGN OF EXPERIMENTS. 

Because of the limited facilities and time available, and 
the empirical nature of the Department's interest in the problem
of cleansing at this stage of the study, the experiments had to be 
few in number and of a simple sort. It was hoped that these would 
yield information to serve as a guide in the planning of future 
studies of self-cleansing of clams. 

The schedule of the series of experiments was so arranged 
that the first tests provided the basis for selection of a type of 
container and a location (su~erged or intertidal) that might be 
u~ed in the subsequent tests to show how rate of cleansing is 
affected by various factors such as crowding in containers. 

The series planned included eight experiments as described 
by the titles listed in the table of contents of this report. 

As a basis for interpretation of the experimental results 
regular observations on the purity and hydrography of the water at 
the cleansing station were made throughout the experimental period. 



SECT ION IV. E,QUIPHENT 0 

1. Experimental Equipment. 

Hods. The half-bushel hod (fig. 2) is a container used by clam 
diggers in Halifax Co., N.So Its inside dimensions are 24" x 
8" x 81t • The ends are of solid wood, the sides and bottoms of 
wooden laths (It" x tn, in cross section) 1..;1 th tn spaces between 
laths. A wire-cloth cover (mesh til) was added to prevent the 
loss of clams during the purification periodo 

Boxes. These containers (fig" 3) were patterned on those used in 
the Clrum PQrification Plant at Newburyport, Massachusetts. They 
are 2' x 1211 x l2n (inside dimensions). The sides, bottom and 
cover arE:! of wire .cloth (itt mesh) and the ends of solid wood. 

Floating tray. This container (fig .. 4) in a larger size is in 
use on the Canadian east coast for rearing young oysterse Our 
model measured 3' x 2' X 5". The sides, ends and cover were of 
wopd and the bottom of wire cl'oth (-i.1t mesh) ~ 

Cere This device (fig. 5) was constructed for our experiments from 
no pattern at all. It vias a floating structure 8 r x 6 I X 2-~- r with 
ends and sides of logs and a wooden platform bottom. The top was 
incompletely cOilered by planks w'i th wide spaces between. The hods 
and boxes vlere made fast in t he car with ropes and held firm against
the topping planks. The struc ture floated vii th its uppermost logs 
above the surface of the water and it was steady and buoyant enough 
to allow a man to stand and work on it except when there was a sea 
running. 

Skiff. An oared boat ' ....as used as a means of conveyance between the 
beach and the car anchorage .. 

2. Laboratory Fat;;ilities. 

The laboratory used \vas mobile being a converted house 
trailler 18 t long. A -l-ton pane l model truck was used to haul ito 
Thts unit is ordinarily used by the Department of Fisheries for 
!ton the spot" bacteriological tests of Shellfish plant water supplies 
and plant products and on such work it is crewed by a bacteriologist 
and a technician. The working unit is admirably suited for such 
work. 

For the work described in this report, the mobile labora­
tory has both advantages and disad·vantages. Being mobile it can 
be moved to the scene of the experiments which cuts down travel time­
wastage and reduces the chances for cha.nges which may affect samples 
between collection and analys:ts. It enables laboratory persormel 
to do much of the field wor k . This greatly reduces liais50n and 
permits all involved a clear er vi e~ of the problems treated. It is 
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, ­Figure 2. - Hod Figure 3 0 Box 

Figure 4 . - Oyster Float 

Figu.r.e 5" Car 



,~ , 11 '.' 

efficient in other ways~ The t r uck was used no only for hauling the 
laboratory but also f or collect ing samples and moving experimental 
stocks and equi pment o 

The chief disadvan :age of the unit \.;as i t s small size which 
limited the s ize of t he st aff and t he amount of equ:l.pment .~ in other 
words - t he amount of wor k wh1 h coul d be done in t he time availablee 
Fresh supplie s of ster e media had to be prepared almost daily and 
frequent sterilizat ions of t he 11m.1.ted number s of culture tubes, 
"blendors" wer e r equired The size of t he i ncubat or was anothere 

limit ing factor o Mo r e equipment and a second technician would have 
great ly increased the work capac i ty of the uni 't .. 
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SECT I ON V~ METHODS. 0 

1. 	 Selection of Experimental Stoc~. 

A well-stocked section of beach in Sto Andrews Harbour, in 
close proximity to a sewer outfall was selected as a source of polluted
clam stock and all experimental lots of clams were dug from this area 
by a commercial digger under supervision, and gathered in wire-mesh 
baskets. The full baskets were immersed and agitated in sea water 
to remove loose sand and dirt particles adhering to the shells. 
Broken and dead clams were culled out and only clams ranging in length 

0trom 2" to 3tn were used in the tests To insure comparability of 
results from samples that might be taken the experimental stocks were 
thoroughly mixed before they were subject ed to treatments.. Only a 
brief interval (2 hours maximum) elapsed bet-ween the digging of the 
clams and the commencement of treat mentsu 

2. Hydrographic Procedures. 

The temperature of the sea water at the cl eansing station 
was taken 1.111 th an ordinary surfa.ce thermometer calibrated in °C. 
Surface water samples for salinity were also taken there at inter­
vals throughout the experimental period and stored in stoppered
bottles until the end when salinities were measured by standard 
hydrometric methods. 

3. Bacteriological Procedureso 

a. Sample collectiono To be sure that the samples taken for 
bacteriological analysis were representative, the clams constituting
them were withdrawn individually and randomly from all parts of the 
lot being testedo Each sample was placed in. a labelled fine-meshed 
wire basket for transport to the laboratoryo 

Samples of sea water to check coliform bacter:i.al content 
were taken aseptically from the cleansing site at more or less 
regular intervals throughout the experimental peri odo 

b. Analysis of samples .' The analytical procedures were 
essentially those recommended by the American Public Health 
Association as outlined in "Recommended Methods of Precedure for 
Bacter:J,.ological Examina.tions of Shellfish and Shellfish Waters"o 
The only departure 'was in the method a.dopted for sterilizat ion 
at the outsides of the shellfish tested. 

Because clams are unable to c10se their shells completely,
it was feared that if they \..;ere immer sed in a bat h some of the 
solution might enter the shell cavity and affect the bacterial 
content. Accordingly the clams were scrubbed clean in running 
tap water (chlorinated) from the sto Andrews town supply then 
rinsed in the same water a.nd placed en paper towels to dryo The 
lips of the shell were flamed prior to opening the clamso The 
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adductor muscles wel"S cut wi'th H .flamed scalpel and t he shel.l liquor 
and clam body extraoted into a s~erlle gl"adua -ed j aI'o To insure 
uniformity of treatment the s paI:9.",e steps in, the procedure , shuck­
ing, blending, innocula-l;1n5'~ et'" 0 were per "'o.rme~ wher eyer possi ble''1 
by the same person Uu"oug' ou _, he experiments 

The limitations of :he Mo P oNo me hod have been pointed o'ut 
by Renn. McCarthy and r" ght ',19Lf-5) and he neBd f or lar ge numbers 
of samples for avera.g i ng out ~ : s rme:ren s ' !ltist cal er ror has been 
stressed.. In the work repo t ed here ,_pli-'ate sampl e s were 
analysed in almos t all caseso In a. feu instan es, al l of which are 
noted, a reading that der a ... ted widely f om t he average of t he other 
two (ten times or mor e ) ha s been d"' s:.araeJ .. 

" . 

http:avera.gi
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SECTION VI. EXPERIMENT I (Sept. 11-14). 

To discover if clams cleanse themselves and if so how method of 
~lPosure and type of container affect cleansing rate. 

Procedure: Sewage polluted clams were procured and their coliform 
count determined as described in Section V. They were then exposed 
withou.t crowding (3 deep) in: 

(a) 	Box in intertidal zone. 
(b) 	Box in car (always submerged). 
(c) 	Hod in intertidal zone. 
(d) 	Hod in car (always submerged).
(e) 	Floating oyster tray (always submerged). 

Samples were 'I.'ltthdra'l,'ln and tested at 21t, 48 and 72 hours. 
The results are reported in Table 3 and illustrated in Figure 6 
together with data from Table 12 which describe the changing M.P.N.'s 
of the water. 

Conclusions: 

1. Clams do cleanse themselves and there appear to be three phases 
in the cleansing process: 

A. 	 An initial phase of rapid cleansing marked by a sharp 
drop in bacterial counts; 

B. 	 A phase of no cleansing during which the counts mayor 
may not rise; 

C. 	 A final phase characterized by a second rapid cleansing 
in which the count drops to almost negligible levels. Since 
samples were withdrawn only at 24, 48 and 72 hours, it is 
impossible to judge the exact times of the changes of phase. 

Suggestions of phases in the cleansing process appear in the 
data presented by Dallas and McCarthy (1947) but with nothing like 
the clarity or consistency with which they appear here and in the 
experiments which follow. Their significance is not clear. 

2. The rate of self-cleansing is remarkable in phase A and C, 
being approximately the same for all treatments. The cleansing 
rate during phase B is lovl compared with that in phase A or C and 
may be in a positive or negative ' direction. It is not certain 
whether this is determjned by environmental factors such as light 
conditions or tidal phase or by the physiological characteristics 
of the shellfish themselves. 

3. The extent of the change is as remarkable as the rate. The 
number of coliform bacteria fell from approximately 8,000 to 1,000 
or less (well below the level required for direct marketing of clams 
froe approved areas) within 2~ hours (phase A); there was little 
further change by 48 hours but by 72 hours it had dropped very low, 
averaging less than 150. 
~. The type of container had relatively little effect on the rate 
or extent of self-cleansing. 



Table 3. 	 Coliform bacter ial content of clams a~ various times during 
self-cleansing in di.fferent types of contalners - some 
always submerged, some periodically exposed 0 

Conditions of Initi al M"P ",No at MoPoNo at M.PoNo at 
test M"P oN . 24 hrso 48 hrs .. 72 hrso 

Always submerged 

Av. 

Avo 

9xster Float 

Av. 

2200 
16000 

5400 
7866 

7866 


7866 


950 
230 
230 
Y 3 

400 
*16000+ 

640 
1020 

490 
790 

1.300 
863 

1400 
1100 

230 
910 

,5400 
490 
490 

2126 

490 
1400 

*16000+ 

945 

78 

20 

220 

Periodically EX­
posed in Inter­
tidal Zone. 

Avo 7866 

1700 
3.30 
330 

786 

790 
700 
1+90 

660 68 

7866 

230 
490 

1100 

606 

1300 
460 
330 

696 140 

* This result discarded in ca cu l at i ng the average 
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2000 

Figure 6. Most probable number of coliform bacteria 
per 100 mI. of clams at different times 
during self-cleansing in different containers 
- some always submerged, others periodically
exposed in intertidal zone. 
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5. The location of the containers (always-s bmerged or periodically 
exposed) had no effect on the rate or ext ent of c leansing so far as 
these data reveal~ 
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SECTION VII. EXPERIMENT II (Septo 19-21). 

To determine more precisely the shape of the cleansing curve for clams 
that are always submerged and those that are periodically exposed to 
air in the intertidal zone 0 

Erocedure: Experiment I showed that type-of-container has little 
effect on the rate or extent of cleansing, so the hod (fig. 2), the 
most convenient container, was chosen for use in all the later ex­
perimentso It is the cheapest to build and the easiest to handle 
of the several types testedo 

Polluted C'lams were procured (as in Section V) and placed 
three deep in each of two hods. One was secured in the floating car, 
and the other fastened to driven s t akes which held it one foot off the 
bottom in th~ intertidal zoneo 

Before the results of Experiment I were available the sampling 
programme was planned in anticipation of a regular logarithmic decrease 
in coliform counts such as that represented by Dallas and McCarthy 
(1947). Samplings at 2, 4, 8, 16, 24 and 48 hours after exposure 
were thought adequate and these were carried out for the always-sub­
merged hod because the car holding it was accessible by boat at all 
times. The hod staked in the intertidal zone~ however, was access­
ible only at times in the tidal cycle when the water level was below 
the location of the stakes. For this reason the intertidal hod was 
sampled only at 6, 12, 18, 24 and 48 hours. 

The results of the tests appear in table 4 and are illustrated 
in figure 7 where water conditions at the cleansing station (Table 12) 
are also described. 

Conclusions: 

1. As far as they go the results for the always-submerged clams 
resemble those of Experiment I as regards rate and extent of cleans­
ing except that phase C is not represented because no 72~hour sample 
was taken. 

2 • Results for the periodically air--exposed clams are not in accord 
with those for the periodically exposed in Experiment I or for the 
always-submerged in Experiments I and II. The initial decline seems 
to have been reversed during the first air exposure and halted during 
the second. Between 24 and 48 hours the counts show an over-all drop 
but t he data are insufficient to show whether similar changes occurred 
in subsequent air exposures or whether phase B was eliminated. 

3. By the end of the 48 hour cleansing period the counts in both 
the always-submerged and the period:ically air-exposed stocks had 
reached approximately the same low levelo This finding which accords 
with that of Experiment I in which the initial pollution of the stocks 



Ta'ble 4" 	 Coliform bacterial content per 100 mlo of shell cont ent s of clams at various times 
during self=cleansing - some clams always submerged , others periodically exposed 
in the intertidal zone 0 

Conditions Initial 
of t e st MoPoNo 2 hrs ~ 4 hr so (, hr s. ,-_:r.trIS_~, __1,2_JlI'~ 0 _17, h:r's ~ ,_l8 hrs. 24 hrs . 48 hrs ~ 

Alway s sub­
mer ged clams 	 2100 1700 330 1100 330 130 490 

1700 640 1300 1100 330 78 23 0 
1700 lZOO 1300 31 0 -1lQ .2lQ --llQ 

A Ve 1833 1346 976 843 330 	 146 350 

Periodically 
exposed in j-i 

intertidal '-0 

zone 330 1700 2200 1400 210 
J.300 2200 790 lt90 460 
1300 1700 220 1300 ....l3.Q 

Av~ '1833 	 976 1866 10'70 1030 333 
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Figur e 7. 	 Most probable number of coli.form bacteria 
per 100 ml. o~ clams during self-cleansing 
u' s ome periodically exp osed t o air i n 
intertidal zone, some always submerged . 
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was much hi.gher and n whih there ~..[ere repl.1.catlons of t he . 'es t, 
justifies the se ection of the in er't dal zone as 'the site for t he 
following experiment s in spite of the d sparity mentioned i n con·­
clusion 2 aboveo 

4.. The disagreement ust noted may hav'e resulted f rom character­
istics of the sampling schedules of Experl~ents I and II ~ In Ex~ 
periment I no samples were withdrawn either at the begirmings or 
the ends of any of the air- exposure pe 1odso Had such samples been 
taken the curves for the two intertIdal cleansing t e st s m' ght ha.ve 
had more in commono 

On t-he other hand the d'sagre·-:ament may be funda.ment al and 
attributable t o other factors wh.l n affer:t the leansing pr oces s , 
e.go intensity of light (Dodgso~ l~~b) o 



SECTION VIII~ EXPERIMENT III . (Sept o 2.8 - 0_ t I and Oct. 5'-- '7) 0 

To discover the effects of Q.I:owding clams in containers on the rate 
and extent of self-cl eansi ngo 

The intertidaJ. area was chosen f or this and subsequent ex­
periments on the basis of resu' " s f rom Exper i ment s I and 11 0 The 
maintenance of stal 'ed hod s her e 'was so di. f f icul t hat the car~ which 
provided better holding faoil l t ies, was shif t ed from deep water, 
moored in the intert idal zone and used throughout to cont.ain the 
hods c. Two kinds of' t es ts wer e us ed t o show how cr owdi.ng affects 
cleansinge 

A. Procedure: Pol lu.ted cl ams wer e obtained as in Sec i on V on Sept .. 
28.. One hod was f i lled anot her ha l f - , i lled and a third a-quart er ­
filled and placed in t he car o 

Sampl es were wi t hdr awn f r om each hod at 12 , 2)+ ~ 36 ~ its and 
72 hours according t o the sys ~em de scr i bed i n Sec tion Vo 

The resul t s of t his part of the expe iment appear in table 
5' and are illustrated i n fi gure 8 whi h also ShOlvS the cond:i t ion of 
th2 water (table 12) duri ng t he t est o 

B. ~.!<?~?dur~: Polluted stocks were obt a,ined 0 11 October 5 as described 
in Se,,'l-; i 'on V and thr ee hods were f illed with poll ut ed clams and secured 
in tb6 car a s in (A ) aboveo Sampl in.g was carried out in the following 
:llanneI' o At 24 hours all sampl es were withdrawn f rom Hod · No" 10 The 
"top" samples were removed randomly t hen lams were t hrown out unt il 
the mtddle layer was reachedo The "middl e " sampl es were t hen wi t hdrawn 
and clams th:i.~ own out again un.ti l t he bot om layer was exposed 0 The 
three "botto~!I samples '-lere wi t bd r awn from t hi s 0 At 36 hour s Hod 
Noo 2 was si milarly t r eated and at '4-8 hours Hod Noo 30 

The re sul ts of this part of the experiment appear in table 
6 and are illustrated i n fi gure 90 

Conclusions from parts A nct B of Experiment II1~ 

1.. The degree of crowding seems t o have r elatbrely l ' t tle effect on 
cleansing except, per haps, to alt er the t i ming of phase change" 

2. All the curves show t he t hree phases i n t he cleansing processo 

30 There is a suggest"on~ from a compari son of results from parts
A and B, that in the heav__ly contamlnat ed s t ocks (Par t A) the initia~" 
tio:n of phase B is delayed about 12 hourso For mi. ldly polluted
stocks (Part B) this begins 24 hour s af ter e:xp o sure ~ 

4.. In all cases but one ( _. half~ ·full hod ) the col ' form count 
dropped from high l evels ( 9000 0 l6) 000 ) ' :0 well below the 2\+00 
standard within 24 hours. 

http:crowdi.ng
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Table 5. 	 Most probable number of coliform bacteria per 100 mlo of 
shell contents of c1am~ at different times during se1f­
cleansing with different degrees of crowding. 

Conditions 
of Initial M.P.N. at M.P.N. at M.P.N. at M.PaN .. at M.PoN. at 

tests M.P.N. 12 ' hrs. 24 hrs. 36 hrs. 48 hrs. 72 hrs .. 

Hod t full 16,000 
16,000 
16,000 

16,000 
16,000 

9,200 

*16,000+ 
- 700 

1,700 

330 
700 
230 

5,+00 
1,700 
2,800 

230 
490 

*16,000 
Av. 16,000 13,733 1,200 1+20 3,300 360 

Hod t full 3,500 3, ,00 2,200 330 230 
16,000 1,700 1,300 9,200 790 
162000 . 3 2500 700 5,400 1,100 

Av. 16,000 11,833 2,900 1,400 4,976 706 

Hod full 	 16,000 1,700 490 700 330 
. 5,400 1,300 2,800 950 230 

2:1!±00 1,100 2,400 2,400 ~30 
Av. 16,000 7,933 1,366 2,896 1,350 263 

* This result discarded in calculating the average. 
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 Figure 8. Mo~t probable number of coliform bacteria 

o 	 10 20 30 ,0 6, 70 


Hours after initiation pf treatment. 


... 

•:<!;·'.tl.
• 
~ 

,000 

/\ ' 
/ \ 

I \
I \ 

I \
1000 I \ 

/ \ 
I \ 

I ~ \ 

! / \ 

/ \ 
I . : I \ / 

I \ 
/ \ 

I ' \ 
I

"/ Water at \ 
/ cleansj"ng _./"1\

,00 station" \ 
, (Use M.P'.N. \ 

scale "to right)\
4-00 . \ .- .... 

\ 
\ ----...-" \ 

\ 
\ 

per 100 ml. of clams during self-cleansing 
- some lots more crowded than otherso 

-- --

Half full hoc 

i-full hod 

20 

, 

I 0 

2 

/" 



- 25 


Table 6. Most p ababl e number of c ol iform bacteria per 100 ml~ of 
shell contents of cams at dif.f eren times during self-
cleansing and at di fferent evels in full hod . 

Description 
of Initial M"P .. N.. at MoFoN. at M" P .. N., a t 

sam, les M.P. U .. 24 hTs .. 6 hrs. 4- hr s . 

Top layer 	 9,200 1,~00 1,100 1,700 
9,200 90 1,,800 230 
23200 220 lZQ 20 

Av. 9 , 200 860 1,023 806 

Middle layer 	 3 ;500 330~lO
60 	 790 2~.200

Zoo 1 2100 '+99 
Av. 9 , 200 490 1\1796 113 006 

Bottom layer 790 "90 1~ 00 
29 200 790 2~10O 

'lt2Q 	 46Q33Q 
Avo 9,200 1,093 	 603 
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SECTION IX. EXPERIMENT IV (October 27~30)o 

To discover the effect of "dug-age" on self-cleansing. 

Procedure: Three hodfuls of polluted clams were procured as in section 
V. One hodful was placed at once in the car moored in the intertidal 
zone. The other two were stored in a shaded location subject to out­
door temperatures and temperature changes. After 12 hours' storage 
one of these was placed in the car and after 24 hours: storage the 
third hod was placed in the car. 

The polluted stock was sampled right after it was fished. 
Hod 1 was sampled after 24 and 48 hours of cleansing. Hod 2 was 
sampled after 12 hours air exposure and after 12, 36 and 60 hours of 
cleansing. Hod 3 was sampled after 24 hours air exposure and after 
24 and 48 hours of cleansing. The results appear in table 7 and are 
illustrated in f~gure 10. 

Conclusions: 

1. During air storage there was a significant" increase in coliform 
count. 

2. Dug-age up to 24 hours did not seem to affect the cleansing 
rate. The rate during phase A vms almost the same in all lots Ine 

the case of the sample with a dug-age of 24 hour phase B was eliminated 
or its initiation postponed. 

3. The lack of a sample from the stock with a 12-hour dug-age after 
24 hours of cleansing is regretable because it prevents a comparison
of the initiation times for phase B in the three stocks. 

4. Within 24 hours of the beginning of the cleansing treatment 
the coliform counts fell from as high as 6000 to well below the 2400 
standard. 



-------

c 

Table 7.. 	 Most probable number of coliform bacteria per 100 mI . of shell contents of 
clams at different times during self-cleansing. The three lots tested had 
different'~ug-ages~. 

M.P~Nc at M.P.N. at M.P. H. at M.P. N. at M.P.N . a~ M.PeN ~ at M.P.N. at 
Dll.g .~&ge l ni.tial 12 r~s. 24 hI' s. 12 br s. 24 hrs. 36 hrr;. 48 hr s. 60 hI's. 

-flf clams M. P " Nt d ug~age du&.-M.~ cle El.nsing clea.nsing .;; leansing clea.nsing cleansiQg 

0-2 hrs. 	 3,5'00 490 1+90 

3,500 540 490 

1 , 500 110 ..2.lQ 


Avo 3,500 	 380 403 
rv 

----~--------------------------~-~-----------co 

12 hrs. 3,500 3,500 3,500 	 490 
5,)+00 1,200 460 1,300 

----9.20 1~100 230 

Av . 3~ 500 4 , 450 1,883 1,686 673 

24 r.tr oS • 	 2 , 200 3,500 tl-90 

9, 200 790 330 


22.Q 	 --252Sd. 
3,500 5,700 1,693 	 536 
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I1gu~. 10. Host probable number ot coliform bacteria 
per 100 ml, ot clams at various times 
during selt-cleansing - different lots 
having different "dug-ages". 
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SECTION Xo EXPERIlvIENT V ( O£t ober 22-24h 

To discover the effect of prellmi nar y ho sin&. on self.-cleansing. 

Precedure: Two hodfuls of polluted c l ams were obtained as described 
in Section V. One hodfu.l was evenly spread one- layer-deep on a con­
crete floor sloped to drain and hosed wit h suffi.cient pressure to 
turn the clams over ~ The other hodful was taken as it came from the 
beach. It vms even denied the u.sual liwash" in sea water diggers 
usually give clams. Both lots I,ITere placed i n the car moored in the 
intertid3.l zone. Samples were withdr mvn af ter 24 and 48 hours of 
cleansing 0 

The results appear in t abl e 8 and are illustrated in figure 11. 

Conclusions: 

I. This experiment showed that prel irni nary hosing hastened the 
cleansing processo Apparently di r t on t he outside of the shells 
delays the initiation of the cleansing process but once it is initiated 
it goes on at the same rate as in clams whose sb.eo~ls were "clean" to 
start with. This finding accords wit h that reported by Medcof and 
Campbell (1942) for oysters o 
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Table 80 	 Most probable numbers of - ~form bac t eria per 100 mI. o~ 
shell contents of c l ams a -c d ' fferent times during sel~­
cleansing ~, some c l ams halTing been hosed prior to cleansing 
and othe s Ie "'t li th mud adher ing t o shell exteriors 0 

Description In t i al 
Q~ sample M , P ~ N o Mo P"N" 24- hJ: s ~ M.P.N. at 4-8 hrso 

Muddy clams 230 2.3 0 78 
490 ,230 20 

2lQ. ~2Q 28 
, 16 316 	 58 

Hosed clams 78 68 
0 
;' 140 

~_....z.a 130 
A.v. 31 ' 72 	 112 
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ngure 11. 	 Most probable number of coliform bacteria 
per 100 ml. of clams at various times 
during self-cleansing - some had a pre­
treatment hosing, others were unwashed. 
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SECTION XI. F~PERIMENT VI (October 22-24). 

To discover the effect of shell-breakage on self-cleansing. 

Procedure: A hodful of polluted clams obtained as described in 
Section V. Half these were intentionally cracked by knocking
them on a small stone. These injured clams were then mixed with 
the unbroken stock, replaced in the hod and the hod was placed in 
the car with the two used in Experiment V which was started at the 
same time and sampled at the same times. 

During the analysis of the 24-hour samples it was noticed 
that the "brokenn clams had lost all their shell liquor and the 
bacterial counts .. derived were from the "dry" meats. The "unbroken" 
clams were assayed in the regular way and the counts apply to the 
whole shell contents - shell liquor as well as meats. At the 48­
hour samplings the "broken" stock 'VIas treated as before but the 
shell liquor was deliberately drained off the meats of the unbroken 
samples and its volume measured. The bacterial ~ounts were made on 
the "dry" meat samples. 

Obviously all the results of tpe experiment are not comparable 
as they stand but they can be adjusted so as to justify comparison 
among themselves and plotting in the same form as other data presented
in this report. The basis for this adjustment is our'knowledge that 
the volume of the shell liquor regularly constitutes between 1/2 and 
2/3 of the volume of the total shell contents (meat and shell liquor
combined) and Tennant's demonstration (1948) that the coliform bacter­
ial count of shell liquor is equal to that of the water from which 
the clams are taken. 

To obtain a value for the relative volume of the shell 
liquor that would be applicabl~ to the particular stock of clams used 
in this experiment the volume of the total shell contents of the 48­
hour sample of unbroken clams was measured first and then the volume 
of the shell liquor alone. From this it was found that the shell 
liquor comprised 9/16 and the meats alone 7/16 of the volume of the 
total shell contents. 

The logic of the adjustment can best be described by
assigning symbols to the different values involved, as follows: 

a = M.P.N. coliform bacteria per 100 ml. of shell liquor. 
b =" " " II n n " meat. 

tt tt II II \Ic = n It total shell contents. 

Because the relative volumes of these three materials are known the 
following formula should apply: ­

It a +rt b = c 
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The aptness of this formula was checked by substituting 
observed values for a and b and obtaining a calculated value for c 
which was then compared with corresponding observed values of c. 
Three examples of this comparison are given below using values for 
a, band c obtained for the same s amples and described in tables 1 
and 2. 

Exam!le I. Data for water and c lam samples taken at Station B 
(tab es 1 and 2) provide the f oll owing observed values: 

a 28 
b - 297 
c = 131 

The value 28 for "a" In thi s case is the average MoPcNo of the low-
ebb and half-ebb water sampl ese As indicated above we are justifled 
by Tennant's findings in regardlng t his as equivalent to "a" the M.P.N. 
of the shell liquore 

The calculated value for "C " obtai ned by' substituting in the formula 
is: 

It x 28 + It JC 297 :: 146 

The disparity between this and t he observed value for "c", 131, is 
approximately ll%~ 

Example II. Data for water and clam ampl e s t aken at Station C 
(tables 1 and 2) provide t he f o l owing obser ved values: 

:::a 8 
b = 1420 
c -- 697 

The calculated value of "c n is~ 

It x 8 + Ii x 1420 :: 626 

The disparity between the observed and calculated value of "C" in this 
case is 10%0 
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Example III. Data for clam and water samples at Station D (tables 
1 and 2) provide the following observed values: 

a = 2 
b =: 183 
c = 61 

The calculated value for "e" is: 

It x 2 + Ii x 183 = .81 
The disparity here between the calculated and observed value of "e" is 
25%. 

The approximation of calculated and observed values for "c" 
in the three examples cited is well wtthin the limits of the statistical 
error inherent in the most probable number method itself (Renn, McCarthy 
and Wright 1945) and jl1stifies the application of the device for the 
adjustment of the data from Experiment VI which is necessary before 
they can be compared either among themselves or with the results of 
other experiments. The calculations have been made and the observed 

"c lland adjusted values of "b" and appear in table 9 and the adjusted 
values are illustrated in figure 128 

The data support the following conclusionsg 

1. It appears that clams with broken shells cannot cleanse them~ 
selves. This deduction is justified by t.he data in either their 
original or adjusted form. 

2. The unbroken clams cleansed themselv'es in a normal fashion in 
spite of the presence of broken clams ir. the same hod with themo 



Table 9. 	 The most probable number of col i form bacteria per 100 mI. 
at various times i n the sel f -cleansing of clams - some 
viith broken and some wit h unbroken shells 0 

Condition 
of Initial 1-1oP "N" }1, .. P ~ N o at 24 mso MaPoN'o at 48 hrs& 

( 0 ) 	 (b) (c ) clams (c) 	 (b ) 

Unbroken 

shells 230 130 5~400** 


. 78490 78 
~ -1J.Q 1,30 

Avo 316 112 104· lt7* 

Broken (count before 
shells damaging) 950 5,400 

1 ~40Q 2;800 
Avo 316 1 ')17 5 .117* 4~ 100 1~795* 

* These are adjusted values by use of for mula as descri.bed. 
** 	This value was discarded in calculating the average.

ilb" is the MoP..N. for drained meats~ 
ti e l! tt 11 11" 	 total shell conten s . 
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Figure 12. 	 Most probable number 
of coliform bacteria 
per 100 mI. of clams 
during self-cleansing 
- one lot had broken 
and the other unbroken 
shellso 
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SECTION XII. EXPERIMENT VII 

To discover the effect of severity of contamina't~on of polluted stocks 
on their self-cleansing ra~. 

Source of data: The original plan called for a separate experiment 
with the above aim but time did not permit the execution of this part 
of the plano However, the desired information may be derived from 
a comparison of the results of some of the experiments reported above 
which involved stocks with considerable differences in the ini tioal 
level of contaminatione 

The pertinent da.ta 9.nd t heir sour c es appear in taOble 10 
and are illustrated in figure 13. 

Conclusions: 

1. The severity of initial contamination has little or no effect 
on the rate of cleansing but has an obvious influence on the MoPoN. 
at the end of phase A in the self=cleansing process - the less 
heavily contaminated the stock the lower is t he level of pollution 
reached by the end of phase An 

2" Even the most heavily contaminated stocks cleansed themselves 
of coliform bacteria to a level below the 2400 per 100 mls. within 
24 hourso 
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Table 10. 	 Most probable number of coliform bacteria per 100 ml. 
of shell contents of clams at various times during se1f­
cleansing - the different lots having different initial 
levels of pollutiono 

Source of data Initial MoP.Nco 	 M"P .. N.. M.. P"N" M.P .. N.. 
24- hrs .. 48 hrso 72 hrs. 

Experiment IlIA 16,000 1,200 3,300 360 
Table 5 16,000 2 900 4~976 706,

16,000 1:/,,360 1~350 ~ 
Av. 16,000 1 ~ 820 3,208 443 

Experiment IIIB 9,200 860 806 
Table 6 9,200 490 1,006 

9,200 .L sO~3 1 Q 420 
.lv. 9,200 	 814 1,077 

Experiment I 2,200 483 910 78 
Table 3 16,000 1,020 2,126 20 

5,400 863 9ti-5 220 
786 660 68 
606 696 140 

Av. 7,866 751 1, 067 105 

Experiment II 2,100 . 30 
T.able 4 1,700 78 

1,700 230 
Av. 1~833 	 14·6 

Experiment IV 3,500 490 490 
Table 7 3,500 )4-0 490 

3,500 110 230 

Av. 3,500 380 403 

Experiment V 230 78 68 
Table 8 490 61 140 

n _230 78 130 
Avo 316 72 112 
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SECTION XIII. EXPERIMENT VIII. 

To discover the effects of different methods of preliminary storage
of polluted clams on their self-cleansing. 

Time and weather conditions did not permit the carrying 
out of this experiment. 
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SECTION XIV. DISCUSSION AND GENERAL CONCLUSIONS 

~rtmenta1 conditions. 

The conditions under which these experiments were con­
ducted may have conditioned the results and it is worth examining
them from this point of view. 

HYdrographic conditions: 

The results of the hydrographic observations (See Section 
V) are listed in table 11. 

Table 11. 	 Surface hydrographic observations at cleansing station 
(Bar Road). 

Time in Water level & Water temperature Salinity 
Date 1951 hours 

I 
phase of tide °e. p.p.m. 

Sept. 	11 16.45 tR 17.9 31.8 
12 13.50 L.F. 16.9 31.6 
13 10.15 H.F. 17.6 30.1 

14.15 L.F. 	 17.5 31.3 
14 15.30 L.F. 	 17.S 31.7 
19 11.00 tR 	 32.3 

15.00 H.F. 	 14.9 31.7 
19.00 L.F. 32.~

20 04.00 H.F. 	 31. 
11.00 tR 	 15.5 31.0 
12.00 H.R. 16.0 31.9 

21 11.00 L.R. 14.8 31.7 
25 15.45 15.9 32.2 
25 22.30 t~ 14.2 32.1 
28 17.00 14.5 3203 
29 17.00 12.2 31.9 
30 OS.OO 10.0 32.5

16.45 	 13.0 32.3
Oct. 	 22 15.0 3303

24 12.2 32.2 
U 

27 13·aO 	 11.1 32.9 
29 15. 5 t~ 	 10.0 33.3
30 18.00 L.R. 	 11.0 32.9 
31 18.00 L.F. 	 10.0 31.6 

L =low: H =high: R =rising: F =falling: the fractions refer to 
the water level H =1, L =0, being the limits. 

Table 11 shows that the salinity of the water fluctuated 
very little during the course of the experiments and it may be 



assumed that i t had no s ~ gnificar...t effect on t he results. 

The water temper a t ure , on the ot her hand, did drop more or 
less steadily from the beginning t o the end from about 18 to 10°C. 
Associated with this tempera.ture drop there ·was a more or less 
regular drop in the level of i nitial polluti on of the experimental 
stock but it must not be a ssumed that the t wo are causally related. 
It might be expected that the t emperature change would affect the 
cleansing rates 'but the slope s of the clea.nsing curves for the first ­
and last-performed experi ent s ( f i gures 6 to 13 ) are essentially the 
same. From this ,ve may cone de t hat t emperature differences en­
countered had relatively minor effect s & Thi s deduction accords 
with that of Dallas and MeCarthy (1947) "ho report that "best results 
were obtained wi t h t emperatures s lightly over 60°F . (150 5°C,,) and 
that when the temperature dropped to 5 °Fe ( lOeOoC.) purification
suffered 11 _, The lowflst t emper atures encount er ed in our tests were 7 

therefore 9 at a.bout t he l evel where s accor ding t Dallas and McCarthy, 
they might have begun t o take effect on self~,cleansing rates but not 
lower. 

Sarli t&ry condi tion of wat el." at the cleansi ng station: 

The r e sul ts of bac t eriological analyses of water samples 
appear in table 12 ~ 

Table 	12~ Observa t ions on pollu ion of wat er a t cleansing station. 

NoD o.f HOl1r~ f rom Water l evel M " PoN~ of water 
experi - beginning of' and phase of Intertidal At 

Ila:t~ l<t~l ment eXI2er iment tide zone car 

Sept. 	10 LoR" 0 
10 LoR o 0" n 10 	 L oRa 0 

It 11 	 0.J 
, 	 t R 30 

It 12 1 24- LoF" 79 0 
'I 1 ItS Lo Po 608 0 
It i~ .1 72 	 Lo F. 140 140 
If 19 2 0 L~ Fo 0 0 

" 19 2 HoF o 11 11 


12 2 8 t R 
II 	

~.8It 20 2 24 LoFe 14- .1 
" 21 2 '-8 L o R ~ 42 42 
rt 	 * 25 tR 4 ~ 5' 

If 28 3-A 0 L "F . 11 

It 28 3-A ) LeF . 42 

It 29 3-A 24 l.R 2 

It 30 3-A. 48 IR 7.8


Oct .. 	 22 5&6 0 IF 708 
It 24 5&6 48 L"Fo 2 


27 4 0 iF 0
" 
" 29 4- 36 	 ?F 9.2 
II 30 	 4 60 LoR o 0 
It 30 	 22 LoFo 0

* After this 
)+ 

da te the car was IrlO\i -: J -from deep water and moored i.n 
the intert 'dal ZOTl'3& 
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For the most pa ~ t able 12 records show little difference 
between deep water and wate in t he int ertida zone , Besides this 
they agree with the resul ts obtained in the July survey (see Section 
II) in shO\.,ing cons :i. ete t l y low coliform count so There are two 
notable exceptions, t he signi ficance of vlhi.ch is discussed belowo 

1. On September 12 ~ 1951 , during Experj~ent I there was 
a rise in the col.i fo rm count of t he wat er f om 32 t o 79 that might
have affected t he shape of the c ~, eansing curv'es i n figure 6 
descriptive of Experiment I e It mi ght be ar gued t ha+ t he phases
in the c.leansing process ar e artifacts introduc ed by changes in the 
coliform count 01 the vrat er either by immediat e or delayed action. 
Such an explanati on i s not ac ceptable ~ however , because the same 
phases show clearly i n ot her experiment s (ee g o Exper iment III, table 
5, figure 8) even though t her e were no such accompanying changes in 
the coliform count of the vater. 

2. Trle second impor t ant change i n t he MoP.N 0 of' coliform 
bacteria in the wate r was on September 14, 1951, 72 hours after the 
initiation of Expe 1. .ent I when t he MDPoNo r ose t o 140e In spite
of this change the slopes of the cl eansing <~urves i.n phase C were 
not altered and the coli f orm counts of the clams ac t ually fell to 
values that \vere lower t han 14o~ 

From this examinat i on it would appear t hat the variations 
which occurred i n the H, P o N~ of coliform bac te r i a i n the water at 
the cleansing station during t he experimental period had no serious 
effect on the results Q 

Phases in self-cleansing: 

The resul"'s 0 t le s ~ experimen. s have demonstrated phases
(see Experiment I ) in the s elf~c leansing pro:::es s wh'ch have not been 
reported by ear lier workers i n t hi s field al t hough t he graphs presented 
by Dallas an6 McCar thy ( 1 ~47) may be interpreted as exhibiting these 
features. There is not hing t o suggest that they are conditioned by 
the environment f r om \'-Ihi eh it mi ght be dedu.ced nat t hey are controlled 
by the clam's physiologi c. al processes that have yet t o be investigated.
Such an investigation wa ~, not at tempted i n t.his s tudy which was designed 
solely to discover empirically wha ' changes t ake place in the coliform 
counts in clams dux"ng t h2 c l eansing process • 

.!2-'acticabili tL.Q..f r e su.l t s. 

I t is clear f rom \-!hat has been done that even grossly 
polluted clams that have i n -a t shells are capa-ble by some means, of 
ridding themselve s of t hr- grea e1' pa t of :;he .r bac t erial load c With­
in 24 hour s of expo~ur0 to rela tively clean. sea wa t er their coliform 
counts dropped t o v'er, l ow _. e'~.: c l~" I ,. -She second per iod of twenty­
four hours the ..:ount s llst'a11S ~lla "" F:ained the twen y- four-hour l.evel 
or rose slightly. I the t hi rd per i od of t \"ent y-four hours there 



was a second drastic drop in the c ounts s o t hat at 72 hours the 
pollution was negligible. The results indicate that the cleansing 
rate is not significantly different in s tocks held in the inter­
tidal zone and in those kept always su.bmergedo Furthermore, 
cleansing rates are about the same for clams held in a variety of 
types of containers. In other words cleansing of grossly polluted 
clams can be regularly affected by holdi ng t hem for a relatively 
short period in clean vrater. Furt hermore t he simplicity of the 
handling methods and of the C' ontainers required suggests that this 
type of cleansing could be carried on economically on an industrial 
scale. 

The likely economic feasibility of application of these 
findings is only one aspect of t he probl ema It must also be 
viewed from the public health standpoint and t his raises the whole 
question of the public health significance of the level of coliform 
bacterial pollution in self- cleansed clamso Different points of 
view have been expressed. 

In our understanding the choice of the M.PoNg coliform 
level of 2400 per 100 ml. of shell-contents of clams is based on 
the assumption that the viability of pathogenic sewage bacteria and 
coliform bacteria is approximatel y the same, that the relative 
abundance of coliform and pathogenic t ypes is roughly the same at 
all levels of abundance and that the chance of occurrence of danger­
ous numbers of pathogens in clams t hat have a coliform count of 2400 
or J.ess is so slight that the consumpt ion of such clams is not danger­
ous. On the basis of these assumptions it is unimportant whether 
the 2400 level is achieved after a recent buildup from lower counts 
to this level just before marketing , whet her it had maintained itself 
there for a long period before market ng or whether it had recently 
declined from higher levels to the 2400 count just before marketing. 
In other words, "the level 1.s the t h ingl' ~ If our assumptions are 
justified clams with a 2400 coliform count should be equally safe 
whether they are marketed directly from the flats or after they have 
passed through a cleansing process during which the count has been 
reduced from higher levels. This view is supported by the British 
investigators and administrators ~ to q'..l.ot e Sherwood (1947) who has 
continued the work of Dodgson (192 8 ) 0 When "dlussels were immersed 
in a supply of uncontaminated seawater, whether by the handful or 
in bulk, they could be relied on to rid themselves of whatever 
objectionable material they migbt contain and become perfectly safe 
for human food within 48 hours!!.. It should be stressed that the 
sole basis for judging the purity of these shellfish was the count 
of coliform bacteria and t hat the same t reatment and assessment methods 
have been applied by the British for many years in cleansing oysters. 

Unless we are mistaken;: the demonstrated self~cleansing 
of highly polluted clams shoul d r ender t hem safe for market if ·the1r 
coliform count can be reduc ed t o 2l+-00 or less " 



SECTION XV. lmQ,OHIv1ENDATION:S 

Provided that self-cleansing as just described is acceptable, 
then the results of the experiments reported here warrant the following 
recommendations: 

1. That the bacteriological investigations be continued in 1952 to 
discover (a) How season, light-intensity, hydrographic and other 
conditions affect self-cleansinge 

(b) The bas:t.s for the phases observed in the self-cleansing• process. A complete understanding of these might admit of improve­
ments in treatment methods. 

2. That investigations to discover the best means of industrial 
applica.tion of our findings be carried out by the operation of a 
semi-commercial pilot plant in 1952. 
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