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1:1 

In this eount~ little attention has been direeted towards the seasonal 
variations of pollution whieh oeeur in oysters, although this aspeet of shellfish 
pollutionhas been studied by workers in the North Atlantie states of Ameriea and 
Canada. Smith (1912) roported tho eoliform eontent of oystors tsken from 
Narragansott Bay to be eonsidorably lowcr in winter than in thc summer, although 
thora was no eorresponding ehnngo in the number of eoliforms in the seawater. 
Other workers reported similar findings, (Gorman 1912; Cumming -1916; Gage and 
Gorman 1925; Gibbard ct alia, 1942) nnd now-ü-dqys legislation in eortain areas 
of tho North Atlantie SE;[cboard allows for the sale in winter of oysters from 
grounds wl1ieh produec grossly pollutod oysters in thc warmer months (Needler 1951; 
'iomans 1955). 

Not:many previous observations are avai],able for England and Wales. In the 
1930' s during an investigation at the Conway Laboratory of the Ministry of 
Agrieulture, Fisheries and Food, of methodsfor the eleansing of oysters under 
eonditions of lowwater temperature, it was noted that oystors tsken in winter 
from grounds which produeed highly polluted musseIs were virtually unpolluted. 
Thesignificance of thls was not appreciated at thc time and qystcrs for 
experiment were later plaeed either in tanks of diluted sewago or direetly 
benea th asewage outfall. Such oystors oould not fail to bccomc highly pollutod 
sinee tho residual water vvithin the mantle eavity alono would contain suffiei~nt 
baetcriQ to give small sampIes of tho tissue the appenrQnee of gross contamination. 

More recently, Cole (1954) in .a limited series of observations, noted that 
oysters from a polluted ground of the river Croueh eontained few baeteria. of 
faecal origin during winter, whereas. large numbers were present in i;he warmer 
spring Qnd summer months. He pointed out that temperature mainly affeeted the 
rate of filtration of oystors, and did not eonsider that the observed variation of 
pollution was associated with seasonal ehsnges in the amount of sewage entering 

he rive:r, sinee the period of maximum population, namely August and September, 
did not co-ineido with tho period of. maximum pollution of oystors. No observations 
w"re made of the incidence of Baet. eoli in waters over thc grounds during these 
oxporiments, nlthough Vaecaro et alia (1950) Ehowod that these organisms rcmain 
viabIo in seawater for a lcngerperiod in winter than summer. 

It was thought desirable to obtain more data and to extend the observations 
to inolude the musseI (l!4Ytilus edulis). A prelimina~ investigation into the 
seasonal variation of pollution was, therefore, started in 1954 Qnd srunples of 
nQtivc oystcrs (Ostrea edulis), musseIs and water were oolleeted simultaneously 
from a fixed s2mpling point on the Southward Lqying, River Croueh, at weckly 
intcrvD..ls. 

The sampIes were exawined baeteriologiealJ,y for the presenee of faeeal 
Baet. eoli using methods deseribed later and it appearedthat a rise in water 
temperature was assoeiated ,vith an ineroase in thc counts of faeeal Baet. eoli per 
ml. of oyster tissuc. Altheugh observations wi th mussols were not made when water 

_ temperatures wcr;c extremcly low, a similar, al though less obvious eorrelation Was 
evident. Water counts showed wido fluotuations which did not appear to be 
eorrolntcd with the levels of pollution attnincd by the shellfish. At this stage 
of the cxporiments, wator and shcllfish sampIes were eolleeted at or near low wator, 
but no attempt was made to oolleet them precisely at the time of observcd low slae:k 
water. It was thought probable that the variations observed in water pollution 
were the rosult of tidal movemonts whieh altorad the baetorial quality of the water 
passing ovar thc grounds. 
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1t is u,s"tr,blishud thc.t pollut"d mollusoQn shollfish oleQnsü thQmsclvQs whon 
plnccd in to.nks of eluen 'JLtcr but littlc is known on tho processes of pollution 
o.nd clcr;.nsing of tho 88 Dhcllfish whi.ch Qccur under nf~turC'.l conditions in si tuo..tions 
whore tho l-evcl of pollution of thc 17Q-eGr verics within thc tidnl cyclc. These 
vc.ric.tionn ·',7cro, thcr0foru, studiud [.rn. this led to D. compr.rison cf these 
processes in oYD-Gcrs end illuSSQls during winter und summer month~. 

Mcthod§. 

The SouthwQrd LQying er thc Rivcr Croueh sel(;ctcd for these experiments is 
situatcd within -ehe closud ar"a proscribed in the Public Hcalth (Shcllfish) 
Regulations (1934) and is approximdcly half a mile dOHnstream of the mQin SUWQgc 
outfo.ll of Bunlhoffi (populc,tion approximo.tcly 4,000 wi -eh S c;rcsonrcl incrcc.slJs). 
This outf[~ll dischcrgus virtually r2.~;J SC/dC-gO through Ce tic.cl vc.lvo für 0. pcriod of 
apprüximntuly 2 hours \;ith.;r sidc of 10vY'!Iic_tcr. Downstrvnm of thc oystor ground 

'. there ar" nc pollutc,d outfc,lls, and sine" thc riv"r is tidal, thc:; oyst"r ground is 
subjoet to thü flow of highly pü1lut0d wator on the übb, and cf virtually clean 
SC"eZvlatcr on thü flood, D. Gut of conditions V'ihich is by no m0ans uncommon in 
cstuarics 1.7b.cru cul tivation is practiscd. 

Bacterio1ogically clean oysters ond mussels werc plc,ced in a weighted, 
buoyed, cage D-t Q point on thc share just below lovf vv&tur of spring tides. To 
oliminate any intcrf0nX1CG in the:. functioning rate which might rGsult from the 
disturbance of' thc 'I aga nt hourly inturvo.ls during thu collcction of somplüs, D. 

numbvr of smal10r caguß, co.oh holding ono snmplo, We,s lc,tvr substi tut0d for tho 
single CD.gC. 

Oysters were se1cetod for evynness of size and were nonnally 3 - 4 years old. 
In la.tel" experiments some nttt:II±lt was IDc.dc to usü anly oystürs shmving indicc",tions 
of rapid growth (brcad, thin be,nds of nowly dopositcd sh01l) on thc assumption 
thc.t these Yvcrc of similo.r f'il t cring co.po.ci ty, but Da significo.nt differcncDs werG 
notüd 0.8 [l rC8ult of this r0finc1Tlt;nt. Thc musscls ','j"'crc 2 - 3 yu:~rs ola, c.nd 
wero selcetüd for ovonnoss ef siz(; c.nd smoothncss of sho1l. 

Suffieient sho11fish for eaeh eX2eriment was p1,"ced in the cages and left 
for at least 21..)- haurs befare the cormn.encement of sampling, in oreier that they 
might assume the bact(;~cial charactcristics of the grollndQ S8lnples of' 4- oysters 
and 4 mussols 17er" th"n co11ectcq at approximately hourly intürvals throughou-e tho 
day, cach s81nplc. bcing pl~ccd in aseparate st<...:rile tin. At the same time, water 
samples were eo11eo'ced from -ehe bOttOffi of the river ncar the samp1ing point. 

All samples ware examined bacteriologieally wi thin a few hours of colleetion 
using a modification (:t(eynolds and Wood 1955) of th" roll-tubc mcthod of Cleg:; and 
Shcrwood (191+7). Shellfish tissue of eoch samplu Was poolcd, oxtracts prcPQrcd 
and four tubcs containing 5 ml. of modified MaeConkGY agar '-"lOh inooulatvd with 
1 ml. of cxtract. Tho bactorial contcnt of vrat0r -vlas dctvrII1LYlcd usi.ng 2 ml. of 
uater in cach of 5 tubes hclding 5 mL of MacConkt::y agar. ".fter rolling, tubes 
Yl(;rO incubntcd ovc-rniJht at 4Lt.oC in an accuratuly controllud -datc.:r-beth. 11hr..,; red 
colonios reoprcscn ting fac,cal Baet. eoli wcru count cd [md. rcsul t s finally 0xpr" ssud 
as tho nW1lbUl" of faccal eoli in 1 mi. of tissuc or 10 ml. of "ater. 

Results """ld discussigJl, 

From topographical 0vidoncü, wid0 variations would be 0XPC;Ctt-d in thc 
bact0rial Cluality of vratcr passing övcr thc., sampling point, and thi3 was confirm0d 

f' by theSe t0StS. Durin8 c:.ch 0.xIh.,ri~nvnt, thcrü appcar(.;d to b0 Q vfGll-dcfinud cyclo 
1 of pollution charact0risc.:d by high counts of' fD-l;cal Bact. coli c;:,round lOYf wctGr, 
\ and low counts during thc f100d of frcsh vratc.r f'rom tho Bea "nd on thc first of 
'I the cbb bGforG the SGWQr commGnccd to discharge. (Sec Figs. I, 11 and 111 Y10ich 
\ nrc reprüsc-ntcctivc of [l lurgor s(;rie-s of simil[~r rüsults)" This pc.ttcrn Vl['.S 

\ ovid.cmt in all Gxcept one of th" mt:ny oxpcrimlont s done (bot tom of Pig. I), but tho 
\,levcls of pollution in cQeh cyclo diff"rcd considürably. This Wes probQbly the 
;rosult of the; inf'lu0ncc; of c. numbcr of vc.:rying fC'.ctors',· but thc volumu 01' sc;"\':n'.go 
disohQrged [,nd thc strGngth end dircction of th" wind rcpporcrod to b0 thc most 
importc.nt. 
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In most of thesummer experiments there was a elose correlation between the 
bacterial content of thc water and of shellfish, but as experiments continuod 
through tho wintor, it appoarcd that thc characteristie pattern of pollution of the 
oyster in winter differed from 'ohat observod in summer. In some e:KJ?eriments the 
expceted changcs in the lovel of pollution did not take place. It ,viII, therefore, 
b~ convcnicnt to divide the rcsults into thrcc groups. 

(a) Pollution in Summer (Fig. I) 

When water temperatures were between 10 and 16.50 0. there was a elose 
association betweon the baeterial eontent of water and shellfish. Both 
oysters and musscls btccame grossly polluted in the period around low water, 
when Yfater showed its maximum ceunt, but they quickly eleanscd thcmsolves with 
the f'loed of baotericlogically cloan water from tho sea. In thc first 
e:KJ?eriment, musseIs ele!'l-nsed themselves within 1 heur of ma'ümum pollution, 
and oysters did so after six hours. At these temperatures, the oystcr and 
the musseI are knoV\ln to filtcr at a rapid rate, and it is undcrstandablc 
that bactcria wcrc quickly removcd from their alimcntary traets with thc 
flood of clean seawatcr. It is noteworthy that these experiments wcrc 
eondueted during pcriods of calm, when winds were light; the signif'ieance 
of this will be discussoo. later. 

(b) Pollution in Winter (Fig. 11) 

The second group of experiments, also dene in ealm weather, but wnen 
water temperatur es were between 1.5 and 2.1 0 0, showed. that the pattern of 
pollution of we oysters was differentfrom that of the summer. MusseIs 
eontinued to function at ",hat appearcd to be anormal rato, bccoming polluted 
and thon clean in a manner similar to that oceurring during summer, whereas 
oysters romsinod virtually' unpellutod, oven when muss eIs and watcr became 
grossly pelluted at 10V{ wi:Cter. Mcntion has alreacly been mi:Cde of the works 
of Gorman (1912), Cwnming (1916), Gage and Gorman (1925) and Gibbard et alia 
(1942) vrilO obsorved similar eOllilitions on the ooasts of the North Atlantic. 
Parsons (Hunter and Harrison 1928) doscribed seasons.l variations in the 
level of pollution of oysters, end demonstro.tcd tho.t pollution bccamc vcry 
lovr whon the watcr temporGture fell to 3.5-5.50 0. E:KJ?orimontally, Gd tsoff 
(1928) ond Looso.noff (1950), wcre unGble to cletoct Wi:Cter propulsion in the 
Amorici:Cn oystcr d tempernturos below 50 0. The filtration mto in the 
musscl is not c:ffccted by the rcduced tempcraturc to the same dcgrce 
(Gray 1928), ecnd cective filtrcetion continuOR in the musseI in tomporatures 
down te 00 0, (D0dgson 1928); tlUs has boon confirmed during mi:Cny ycars musseI 
clcE'.nsing at Conwny. 

There is little information regarding the mechanism by which oysters in 
polluted waters remain but lightly pelluted at low temperatures. Neecller 
( 1941) has suggest ed that the reduced filtration rat e is accompanied by a 
slower rate of passQgo of' food through the gut, during which time viable 
baot0ria 2J'C subjüctcd to the bacterieidal substances of the digestive juiees 
for a longer poriod. The unpublish8d werk clone by H. Marshall Webb at 
Oonway indio2.tcd the presence of a thcrmelabilo baetcricidal substancc in 
oyster tissue. 

(c) Abnormal pollution (Fig. 111) 

Both the previous groups of experiment s were made during poriods when 
thora was little wind. In the third series of expGrimcnts, dGne under more 
turbulent eonditions at varying temporatures, tho expcctcd eerrclation 
betwecn tho levels of pollution of water and shellfish did not appear. 
Succcssi va sampIes froqucntly showod wido deviations from one another, this 
bcing more Gvident for oysters than musseIs. It was cloar that some other 
factor was intcrfcring Hith the "normal" pattorn of pollution, and although 
this situation has not yet been cxtensivcly examined, observatiens of the 
Yloathcr showod that this irrcgularity oocurrcd during periode whon onshere 
,vinds eausco. hoavy turbulcncc. Thc c:KJ?crimental cagos usod in thos C 

ü:KJ?crimcnts \~lero si tUQtccl at the l,_vel of low water spring tides and for a 
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large part of these experiments were in relatively shallow water where turbidi ty 
would, in these circumstances, be excessive. 1'0 is highly probable that the 
filtration rate Was modified by the presence of suspended silt, Thc influence 
of turbidity has boan cxamincd experimontally by Kollogg (1915), Loosanoff and 
Engle (1947), and Loosanoff and Tommcrs (1948). Tho last-named workers 
demonstrated that the filtration rate of the Amorican oyster (Crassostrea 
virginiea) was reduced by as much as 8C% in the presence cf relatively small 
quantities of silt. 

The possibility of other faotors causing these discrepancics car,not be 
ignorod. Salinity and oxygen tonsion probably varied but little in these 
experiments, as seawater flooded in and out of the estuary at a rapid rate 
and there was little frosh water ontoring the river. Other workers have 
examined shellfish to see if there is an association between the filtration 
rate and tidal movements. Loosaneff and Nomejko (1946) failed to detect a 
tidal or diurnal periodicity in the filtration rate of the American oyster, 
but Rao (1954) rocorded pronounced tidal rhytrJlls in i5ytilus eclul.i:-"'. and 
the CaliforniaYl musseI (M;ytilus californianus) which showod maximum filtration 
rates at the time of high water. It is possiblu that such a cyele was in 
operation during these experimonts, but i t is highly unlikGly that i t would 
lead to the diseropaneies observed here. . 

.Sigr~ficanee of these experiments in relation to publie health 

The experiments deseribed abovo indicato the dynamie nature of the pollution 
and cleansing of shellfish from grounds whieh are subjectod to intormittent 
pollutien. A single sampIe can give but little information of the sanitary 
quali ty of a shellfish greund, and, as prüvious workors havo indicated (Dodgson 
1928; Knott 1951), a reprosGntative sories of sa'llples must be colluctod undor 
varying condi tions of wind and tide. 

On oyster beds, investigation during summer will normally show the maximum 
level of pollution to which the shellfish are subjeeted, but will rot provide a 
reliable gctide to winter condi tiens. 

Dodgsen (1928) recommended that the musseI was a more roliable indicator 
ef pollution than tho oyster, and frequently used musseIs to determine the level 
of pollution of an oyster bed. In view ef the physiologieal difforences between 
those two shollfish, this is to bo depreeated, sineo under eortain condi tiens 
pollution of the oyster will bo light yot that of the musseI heavy. 

Before the seasonal variation of pollution of oysters can be put to economie 
advantage, further werk is reguired. Firstly, the effeet of suspended silt upon 
natural purification must be more elosely examined, and seeondly the upper limit 
of water tomperaturo at whieh oysters laid on polluted grounds fail to beeome 
significantly polluted must be determined. With these questions answorcd, it 
might bo possiblo to utilize oysters in winter from eortain grounds exposod to 
contamination; tho fact that aetive filtration eentinues at normal winter 
tomperatures preeludos this possibili t.Y fOT the mussol. 

(2539/1) 4 
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TIDAL CYCLE OF POLLUTION AND CLEANSING 
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TIDAL CYCLE OF POLLUTION AND CLEANSING 
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TIDAL CYCLE OF ABNORMAL POLLUTION AND CLEANSING 
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