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ABSTRACT

Lit erature reviews of btc-es sey methodology and phosphorus

to xicology are presente d as part of th e i nt roduction to th e thes i s .

A temperatu re -cont ro lled . serial diluti on unit des tqned t o provide

ei ght successi ve 2:1 dilu tions and i ts act ual perf onnance are

descr ibed . Mar i ne organi sms were coll ecte d i n water s free of

po'l lu t ent s and tes ted at the Marine Sciences Research Laborat ory.

The th ree-s pi ned s tickleback, Gasterosteus acu'leatus , and t he

Atl ant i c cod, Gadus ecr hue , were assa yed t o detenni ne media n to lerance

l i mits (Tlm) and to compare t he ef fe cts of two types of col lo idal

phosphorus fonnula t fons: phossy water f rom t he Elect r ic Reduction

Company of Canada plan t at Long Harbour and, co.llo idal dispers ions

of pure phosphorus (P4) pre par ed i n t he labo ratory . The 48 hour

TLm values for s t i cklebac k and cod at a .ooe are 190 ugm/L . and

27 u9mfL. re spect ively in [ ReO phossy water ; the 4a and 96 hour

Tlm's i n pure P4 disp ers ions at 8.00e are 185 ugm/ L. and 68 ugm/L.

fo r s tickle back and 28 ugrn/L. and 16 ugrn/L. P4 for the cod. In bto ­

assays conducte d on the winter f lounder , Pseudopl euronect es

amer i canus , the 48 and 96 hour TLm ' s are 70 ugm/L. and 25 ugm/L. P4

respect ive ly . te eoera tu re affec f;~ ~.,~ f;oxicit.y of y~l1 ow phosphoru s

t o the t hree- spi ned sti ckleb ack. whil e par ti cles of P4 greater t han

O.8microns have l i t t l e or no effect on the same species . ERCO phossy

wate r retards t he righti ng re sponse of the northern s tarf is h,

Asterias vulgari s, at concentrat ions lower t han t hose re quired for



l ethali ty . Dispers ions of phosphor us af fe cts th e hematocrit of the

cod and winter flounder as well as the white cel l count of the cod.

P4 causes a depre ssion of t he acetyl choli nest erase activity of

the three- spin ed s t i ckl eback, a sufficient amount to cause death .



" The f i shers el sc shall mourn. and all

they that cast angle into the brooks

shall l ament . and t hey that spr ead nets

upon the wat ers sha11 1angu1sh. "
Isaiah. 19:8
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[NTRODUCTION

The r esearch f OT this thesis was motiva te d by a des 1 re

to ob t a i n bas ic in formation on the e ffe c t s of eleme nta l

phosphorus (P4) on ma r i ne l ife. I n o r der to accompli sh

th is . it was neces s a ry to de velo p a bi e- a s s ay unit ca pab le

of contin uous s e r ia l dilution of to xican t s. to a series of

concentra ti ons whi ch cou ld be quantifie d . and whos e effec ts

cou l d be eva luated by ob se r vat ion and anal ys i s.

The 'Impetus for t his work was the po l l ution i nci de nt

at long Harbour . Pla centia Bay , dur in g th e win te r o f 1968­

1969 which affected a large number of ma r in e organi s ms of

many s pec ies . As re gards f is h . At la nt i c he r r i ng and Atlantic

c od were tne s pe c t e s most :.t! r·i uni ,. o r i~ i ...~e ..: ::'j-" :,.;~.; t r...:; ncv...

be en r e corde d as phos phorus poison ing (Idle r. 1969 ) .

Yell ow phosphorus. as p rod uced by the Electric Reduction

Compa ny of Canada Ltd . ( ERCO) pl ant at long Harb our . had not

un t il th is t i me a t t r ac t ed muc h attentio n as a po ll utant in

ma r i ne or fre s h wa t e rs. The Fish e r i es Res e a rch Boa r d of

Ca na da . as a result of the incide nt . has be e n in volved in

determin i ng t he cause of the pol lution and t he s ubs e que nt

f ish ki l ls whi ch wer e of suffi cien t mag nitude t hat they

at tra cted the attent io n of f is he r me n an d subsequently various

governmen t a ge nci es . One of t hes e agen cies. Ute Fi sh erie s

Research Board . has now estab l i s hed t ha t e lementa l phosphoru s

was the eeus c of t he ki lls .
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The Fi sher i es Research Board have conducted resea rch on the

to xicity of various fom s of yellow phosphorus to t he Atl ant i c

herring,~ heren cus , brook trout.~ fonttnali s .

l obs t er , Homarus eseetcenus , smel t. Osme rus mordax , and the

beach flea. Garrmarus oceanfc us (Zitco .1970 ; Fle tch er.1970).

The- seri es o~ experiments descri bed i n t hi s thesis attempt s

to prov ide a more comprehensive look at phosphorus to xic olo gy

in marine s i tu ations . The re search was conduct ed wi t h gre a t er

attent ion paid to the control of var iables with the intent ion

of demonstrating some of the environmenta l conditions which affec t

t he toxicity of ye llow phosphorus and some of t he phystol cqic al

condi t ions which are affected by P4" lhese bfa -assays involved

t it;:: fol lowing group of orga ni sms: the tbree- spt ned s t i ckl eback,

Gasterosteus acu'leatu s , t he At lantic cod.~ norbue , t he

winter flound er , Pseudopleu ronectes enerf cenus , and t he northern

starf ish , Aste r in vulgar is . Additiona l exper1ments were run t o

deteretne among other t h1ngs , the effect s of el emental phosphorus

on t he blood of t he Atlan ti c cod and on t h.e le vel of acetyl­

chol i nest erase 1n the brain of the three-spined st1ck leback .

The fa cilit i es of the Mari ne Sciences Research Laboratory

(MSRl)of the Depar tment of ' Bio logy were used because of t he

ava1lability of pure sea water and holding t anks for specimens.
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Review of Lftera tu r-e on Bf o-a ssays

A bfe-assay has been defined as the use of a 1tYing syst em

to evaluate the effects of an environmental contaminant (Warner.

1965). ate-essays are generally used t o determ i ne the kind of

aber ration i nduced i n t he biol ogic al sys tem. t he magni tud e of

thi s change. and t Me quanti t y of contami nant re quired t o produce

it. The basic btc-essev procedure consi sts of preparing di f ferent

concentrations of an effluent or other test mater-tal , t, e . t he

pollutant. wi t h a sele ct ed dil ution water. adding t he t es t spe­

ci mens and observing their behavio ral and physiolog ical reactions

over a defin ite per fod of t i me.

In the majority of cases . the bfe-assay 1s used to assess

the effect of a microchemic al cont ami nant . one which is present

in concentra t ions l ess tha n one part per million (ppm) or

one milligram per l ite r (mgm/ l.) . These may be heavy metals.

pest tc'ldes sotl s or many ot her organic and inor gani c chemical s.

In order to have a measurab l e ef fec t , the pollutant must be a

to xican t . t hat t s , producing an aber ration in one or more life

proces ses . The aberrat ions. in tu rn . are descr i bed as acute or

chronic . Acut e eff ect s refer t o t hose shor t tenn changes produced

by a to xic ant. generall y wi t hin t he first 100 hours of exposure .

This time was sugges te d as rule of thumb by Warner (1965) . Acute

to xi cati on i s often characterized by nervous or enzymic dis ruption.

Chronic refers to adverse effects re cognized af t er 100 hours;
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the se may be hema to log ic <l.l or othe r hi stolo gical changes. or

I),3,Y i nvol ve ki dney or liver malf unct ion . fo r example .

In 1945, Hart ,Doudareff and Greenbank. described a proced ure

fo r bto-assays of industr ial wast es using fish as tests ani mal s .

Subsequently, Ooudoroff et al. (1951) publ i shed a paper on bto­

assay , methods which are now re gar ded as standard procedure s.

These methods . and thefr var ious modifications s inc e t hen. have

been widely used by scientis ts tn government. indu stry and i n

uni ver s i t i es for assessi ng t he tox ic i ty of var ious pote nt ia l ly

dangerous mater ials . The basi c met hod remai ns . but researchers

have modi f ied it to accomcdet e the many types of to xi cants . te st

org ani sms . and par ameters bein g examined .

Much tnforma tf on has accumulat ed in aqua ti~ to xico lo gy

since t he earl y 1950' s (Cairns,1966 ;Sprague.1969; Yarner .1965) .

It has been sai d t hat a revolution is tak ing place in bio -assa y

te chniques. wi t h many new developments. The major shift i s toward

the use of sublethal measurement s but th ere is al so an i mportant

change of emphasis from st ati c as says to cont i nuous fl ow sys t ems.

The latter poi nt derives par t ly f rom the real izat ion that acute

respo nse experi ments are not sufficient and th at death i s not

t he only important parameter. Because deat h. defined as l ack of

response . provides no information on sublethal effects of conta­

mi nant s . other respo nses are now bei ng monitored so as to provid e

a more complete picture of the ef fects of the se to xic ants
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(Warner.1965;Wilber . 1962) . An ani mal must be able t o f unct io n '

adequately, i f not opt imally, if i t i s to surv ive . A s igni f i cant

di sru ption of normal 1He pat t erns (eg. re product ive behavi or .

re s i s tance to heat or cold stress , etc. . . ) is as li kel y to cause

eventua l dea th as a strongly lethal compound. eve n t hough i t may

not be as eas il y demonstrated in t he 'laborat ory (Froom. 1962).

Eff ect s of seemi ngly mi nor changes i nte rnall y may cause major

disruptions 1n t he biol ogy of t he speci es.

Some of th e btc-assey t ypes now being utilized , which meas ure

the response as a devi ation from the nom . ar e : Behavioral change

physiologica l change , bi ochemica l change , eco l ogica l change, t

embryologi cal change and . growth change . For example. ef f ects

whi ch have been meas ure d have dealt with f eeding rate (Ca1r ns .1 966) .

reproduc t ion (Johnson . 1967) and, acety l chol inesterase in hi bi t i on

(We i ss.1958) .

There a re many ways i n whi ch bfc -asseys can be use d.To xic ity

of f in al ef fl uents can be determtned as well as th ei r l ike l y

. effect s on re ce iv i ng wat e rs . The ef f ect iv eness of t r eatment pro­

cesses may be established. In t he locat ion of new plants . t he

quantity of dilu ti on wate r neces sary (if any mat e r ia l is to be

re le ased i nto t he environment) or the degree of t reatment of wast es

may be fo und in advance of cons truct .tcn. This hol ds true whether

the work i nvolv es pes ti c ide s on agri cultural la nd which a re finall y

transported by wat er . phosphor us reducti on pla nts . 011 r ef ine r ies .
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or pul p and paper mill s .

It i s also one of the good examples where the univers ity

corrmun1ty can relate to i ndustry and govern ment . as we11 as

society as a whol e.

Review of li terature on Ele mental Phosphorus Texfcology

In revi ewi ng the literat ure . limited i nformat ion was found

on indu str ial workers and experi menta l animal s exposed to

el ese nta'l phosphor us . Moreover. only meagre and someti mes .co ntra­

dict ory re sults ar e avail abl e un the t hreshol d of physiol ogi cal

t ol erance t o thi s mater i al adminis t ere d i n re la t ivel y l arge

amount s over shor t periods of time. or small amounts over

pro l onged per iod s (Heimann , 1946; Flemi ng et al • •1942) .

Yellow pbosp boru s (P4) i s used i n t he manufa ct ure of chemica l

smoke screens. i ncendiary bombs. as a const ituent of ra t poiso n

and i n metal lurgy. Its use i n t he manufact ure of match es and

f t re crackers , ~ih i ch had been a jnej or- cause of chroni c phosphorus

pois oni ng. was discon tinued after the First Wo r ld War. The develop ­

ment of th e elect rotherma l process of phosphorus product ion.

which i s now used for t he"product ion of l arge "quant i t i es of el e­

ment al phosphorus for the phosphate fe rtil i zer industry. re ndered

more urgent . bas ic i nves t igat i ons of th e tox icity of t he element

if the exper ien ce of the match and f irework.s was to be avoid ed.
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It is apparent from the I f ter at ure sbceever , that the

symptoms of acut e phosphor us poisoni ng di f f er f rom t hose of

exposure over l ong per i ods of t ime t o smal l amount s of th e

mat e r ia l (Hei mann • 1946 ). Di f ficu l ty was exper i enced in

disti nguish ing between tho se animal experime nts which could be

classifi ed as short as opposed to long- t ern te s t s (Hefma nn.1946) .

I t would appea r t hat growi ng ani mal s woul d react diffe ren t l y

t han adults to chronic poi soni ng. es pecia lly wit h regar d to

th e os seous sys tem, but no conside ration was given to th is poi nt .

In acute poison ing . the predominant eff ect is t he fa tty

degenerat ion of the l i ver (Cameron and Pat rick . 1963). live r

dys f unction is pre sumably t ha cause of deat h ( Cameron and sentc ut ,

1960) . As litt le as 1/ 8 grain (Bmgm.) has been reported to cause

acute to xicity and death of hceans . The re por t ed l e t hal dose

of P4 required f or man also varies f rom auth or to autho r:

8 mgm . as re ported by Hei mann(lg46) to 50 mgm . repo rted by Camero n(lg60) .

Other obser vat i ons of acute pois oni ng of humans and dogs

sugges t at l eas t two stages of t oxi cati on : The f i rst stag e is

one of gas tro-intestinal i r r itation. which wi t hin severa l hours

is chr act e r fzed by t hi rst . nausea. vCIIliting. haematemesi s and

gas t r ic discomfort . This nonna11y l as t s about t wenty-four hours

and is f oll owed by a var i able per iod of wel l·bei ng whi ch depends

on th e r at e of abscrpt.ton of the phosphor us by t he t issues . The

t~ nninal phase is evidenced by nausea . vomi t i ng . abdominal pain.
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a t ender l iver . haemorr!'lages . periphera l ctrcot atcry collapse .

coma and dea t h whit n occurs from hepatic. rena l and car diac

failu re (cameron and Rent oul . 1960; Bll11lenthal and Lesser , 1935).

In cas es of chront c phosphorus poisoning of marmna l s.

however . i nvolvement of the osseou s sys t em is the principal

characteristic . The most typi ca l effect is necrosis of t he jaw

bones. The change i n the bones is a generalized react ion of

t he perios t eum producing a hyper-ostcs ts of th e enti re skel et al

atructure ve-per' tostee l t hicke ni ng of the bone and the l aying

down of mor e bone (Hefmann.1946) . It has been hypothe si zed that

such ext ra deposi t ion results in cut t i ng down th e blo od supply

t o the Haver s ian canal s (He fmann,1 946;Haml1ton.1925).

The level of arrmonla ni t r ogen in t he ur i ne is reported to

i ncrease while ure a nt-trogen decre ases . due to t he genera l

cell ular damage and poss i bly more specifically to liver damage

(Heimann . 1946). There is no evidence at present sugges t i ng t hat

chronic toxication of manrnals produces severe 1tver t issue

destruct ion or phys iologi cal dysfunction .

Similar ly, t here is no reported evi dence that chr onic

phosphorus exposure in man produces damage to th e centra l nervous

system. althou gh th is possibility cannot be rul ed out .

An exte nsive l iterat ure sear ch revea led very few papers on

t he ef fects of phosphorus to fi sh . Isom (1960) conducted t es t s
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on~ eecrocht rus , the bluegill sunf is h , and his study was

mot ivate d by a l arge fi sh kill 1n a Tennessee r iver . downstream

f rom a phosphorus re duci ng pl ant . The state d cbj ect tve of his wor k

was to det ermi ne whet her ele mental phosphorus was to xic at l evel s

as low as i t s solu bility , or if t he to xicity was due to coll oidal

phosphorus or i t s oxidat ion products only.

Isom concl uded t hat colloidal suspensio ns were more acute l y

toxic th an sol ut ions of dis sol ved phosphorus . His exper iments

i nvolved testing t he effects of collo ida l suspens ions havln~

various ly shed par ti cl es. A saturat ed solut ion of yellow phosphorus

(solu bil i t y in f resh wat er : 0.3 gm/lOO mts at lSoC) revea led no

toxicity i n wate r . Colloidal P4 was found to be to xic in small

. quant ities at pH' s suf fic iently high to rul e out th e complex aci ds

of phosphoru s as the t oxi cant . In Isom' s stu dies. the bl uegil l was

not epprec te bfy affect ed by l ow concentrat ions of coll oidal P4 in

the first 24 hours , but by 48 hours showed cons iderable mor t ali ty .

The 48 hour TLm (median toleran ce l i mi t - concentrat ion caus i ng SO~

mo r ta lity i n 48 hours) was approximately O. lOSmgm/l. and t he 72

hour Tlm was approximat el y O.053mgm/l.

Due to t he static bio - assay procedure empl oyed. the f i s h and

t he aera t ion removed th e suspended and dis sol ved P4 in t he course

of one test . Thus no morta 1 i ~y occurr ed when new fi sh were i ntrodu ced

in t o the same water s .

Zitco (1970) has repor ted t hat in the At la nt·i c herri ng,

c~ harenc us , the Atlantic sa lmon, Sa1mo sel ar , and the l obster.
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Homarus a.meri canus . t he to xi c effects of phosphorus are 1 rre ~

vers tble and probably cumulative . No clear indi cat ion of an

incipient l et tlal l evel (the concent ration at which the te st

ani mal ts not able to survive for an i ndef in ite period of t i me)

was .found for t he herring as H.II value s were obta ined aJ: a con­

centration of 2.5 ugm/l. Incipi ent l et hal l evel of yell ow P4

for lobst er was 40 ugm/l. : for Atlanti c sa lmon,18 ugm/L. and for

the beach fl ea . 3 mgm/L. . Fish poi soned by el ement al phosphoru s .

the Atlanti c her ring, for example , showed signs of exten sive

hemo lys is and t ur ned red .

Studi es of the oxidation rates of diluted phos sy wat er and

yellow phosphorus 1n di spers ions . showed tha t they ar e first

order reac t ions \o' tth half-ltvt'>o: of ? and 7.5 hours reso ect.tvelv

Zitco .Anderso n and Tfbbo. 1969).

Dyer(I970) conducted exper iment s on the upt ake of yellow

phosphorus by cod muscle and li ver . In 16 hour s exposure t o 20 ugm/l.

the l iver concentra t ed P4 up t o 40 ugm/ grrl . whil e the concentration

i n the re d muscl e was approximately 1750 ngm/gm. of tissue. Wi t h

t he el emental P4 in sea water of 21-8 3 ugm/ L. l i ver concentrated

t he phosphorus some 880·2000 t imes. The dis tribut i on of P4 between

the whi te and red mu scl e , and between fl esh and 1h er was found

to be roughl y proport iona l to t he l i pi d content .

This background information sugges t ed many avenues of

re search because so little i s known about phosphoru s to xicology

especially tn t he mar ine envf ronment .
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MATERIALS AND METHODS

Ser i al Dilut i on Unit: Theor Y and Practice

Evaluati on of t he r esearch aspec t s of phosp horu s t oxi cology

in se a wat~r made it cl ea r that a continuous fl ow bi e-assay

system would have to be des i gned and built . The system was pla nned

i n such a way as to el t mtne t e many of t he drawbacks of stat ic

tests . by provi ding a continuous fl ow of toxican t sol uti on t o the

test cont ainers rather than removi ng th e animal s t o fresh sol utions

at regula r interval s . The conti nuous fl ow procedur e elimi nat ed

the need for aerat ion of t he tes t water . whi ch in t his case would

have caused undue l ess of el ement al phosphorus f rom th e tes t

sys tem. Toxicant concentra t ion fl uctuatio ns i n te s t sol ut ion s

due to absor pt ion by t es t ani mal s , i s grea t ly reduced . Thi s pro -

. cedure al so decr eases t he test error caused by t he adsor ption of

th e t oxi cant t o th e wall s of t he aquari a .

In the st udies repor-ted . t.tne r.oncen t rat io ns of t oxi cant were

aut omati cally mainta i ned by a Ser ia l Dil ution Unit , th us e lim inating

t he additional probl em of human er ror in mi;d ng so l utions . When

t emper atu re contro l i s appl ted to the system . t he water i n the tanks

is more readily mai nt a i ned at .e consta nt te mperature .

In order to precl ude poss ib le poll ution of Logy Bay by tes t

ef fluents. a 5000 gallon concrete t ank was constr ucte d to re ceive

and hol d t oxi c materia ls . The' waste water fr om the experimental work

was removed per iodica l ly by sewage disposal tank .t r ucks , the eff luent

being rel eased onto a grave l bed at t he city dump, some distance

fr om t he ocean .
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A descr i ption of t he bie -assay appara tus, which 1s based on

iii sys tem develcped by Warne r (1965) . f ollows .

A le ngt h of 3/4 1nch Tygon tubing is attached at one end to

a salt water t ap while the other 1s fas tene d to a Hypur water f ilter

unit capabl e of filtering out mater i a l down to 15 mic rons . The

f ilter is req ui red fo r two re asons 1) to remove as much pl ankt on as

possible and eliminate the problem whic h mi ght arise if the test

ani mals were to inges t l a rge quantities of food al read y t oxic ated

and 2) to remove la rge organ isms and part ic le s 1n t he sea water

whtch mi ght clog t he valves of the Serial Dilu t io n Unit (S.D.U.).

decreas i ng the f l ow rate and hence increasi ng the concentrat ion of

tox ic ant delive re d to th e test aquari a .

The water t hen fl ows into a temperature cont rolled bath whi ch

is descrlbed in sec t i on 2.

From t he top of t he bath . the water fl ows through 2.5 cms t uMng

i nt o a horizont al p'lext qle as t ube at t he to p of t he S.O.U. • This

tu be has hol es i n its lo wer surface which serve to distr.ibute the

water evenl y througho ut the l engt h of t he sea water trough . If the

water i s all owed t o enter a t one end only , wave acti on results

in the trough. caus ing irregularit ies in the flow rates. Another

saf~ty fe ature was built i nt o the sea wat er t rough: an over f lo w

box running on a vertica l track was fitte~ into the center of the

upper troug h; t his ma i nt ai ns a constant head of water and all ows

for any changes i n wat er pre ssure . (see f ig . 1)
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Figure 1.

B1o~assay unit - 11st of parts

A- - Peri st altic pump contro l and speed se lector .
B - Test aquarium.
C - Magnet ic sti r rer .
0 - Insula ted container for t oxic ant (4 liters) .
E - Peristaltic pump and tubi ng.
F - Infl uent trouqh fo r sea water of S. D. U.
G - Influent t rough overflow unlt (on t r ack.).
H - Flow rate cont rol valves.
I - Toxi cant - sea water mix in g trough.
J - Cont rol section (sea water only) .
K- Funnell 1ng tro ughs.
L - Aquarium i nput t ube.
H - Flow meter .
N ~ Fil ter appar atu s.
0- Thennoregula tor and rel ay cont rol l er .
P - Heat er s (l 000 wat ts) .
Q - Water bath wi t h i nput and output tubes (20 L.).
R - Rela y unit for heaters.
5 - Thennoregul at or .
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Figure 2.

Ser i al Dilution Uni t

In t his case , a solution of neutral red dye was
pumped through the mix i ng trough to demonstrate the
eff ectivenes s of t he dilution mechanism.
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The bot tom of this t rough is fitt ed with eleve n threaded

tuhes which requl ate the flow rate of water in t o the mixing trough .

Of the se val ves. the fi r st two are 2.5 cas apar t while t he remaining

nine are placed at 12 .7 e ms interval s . The last two valves are

control wat er out l ets whil e t he firs t nine are in volv ed in t he

dilut ions of the t oxicant.

The part of t he mi xing troug h i nvolve d i n the dilution of the

to xi cant is di vided 1nto ni ne section s . The first two t ubes fl ow

1nt o the f i rst sec tion (see f1g . 3); t he seven tu bes which fol l ow

i n t he upper t r:ough. flow in to seven sections on the mixing t rough;

a small section adjacent t o t he control section is used as a over­

f l ow for th e to xicant and drains directly 1nto the ef f l uent troug h

(see f i g. 2) . Each sec tion of the mixing trough i s sepa rated fr om

t he next by a baffle over which th e water flows; at th e midpoint

of each sect ion. a polystyrene block has been inserted approximat ely

5 TJ'IlI. from th e floor of the t rough to aid t he mixi ng of the

to xi cant (see fig. 3.) .

A peristalti c pump . capabl e of deliver in g 1 - 1300 m1s/m1n.•

p..-nped the concentrat ed toxicant into t he fi rs t sect ion of the

mix ing trou Sh. The pump provided many variations i n the available

concentrat ions fo r bto-a sseys , Each sec t ion of t he mixing t rough

i s also fitted with a threaded tube to the ri ght of the block,

and in fron t of t he baff l e. The prin ci ple then. whic h provides the
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Figure 3.

The th·eory of the Serfal Oil .ition Unit

A diagrm of the serial dilut ion mechanism,
demons trating t he f low pat terns.
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DllUTlDN MECHANISM

Fi gure 3.
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Figure 4.

The working parts of the dilut ion tnechantsm
of the Ser ial Diluti on UMit.
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50% dilution from one aquar ium to t he next i s : For every £

volumes of water running into the first sect ion of the mi xing

trough. 1 volume is dra ined out ; at a const ant flo w rate of

water , the remaining! volume fl ows into the next section where

it ts diluted by 1 volume of nat ura l sea water f rom the sea

water trough . This mechanism holds t rue throughout th e length

of the mixing tnugh which 1s i nvol ved with the diluti on of th e

to xicant (see f igs . 3 and4) .

The control outlets of the sea water trough run in to a

sect.ton of the mixing trough whic h is compl etely separated f rom

th e dil ut ed concentrations of the pollutant (see f19 .2) . All val ves

from the second t rough empty into a funnelling trough and thence

through tub iDg runn ing into the bottom of the test aquar i a . These

solutions or suspens ions ar e held to a le vel of 32 li ters and

from that point r un t hrough overfl ow tube s into an ef f l uent

trough s ituate d at th e front of the set-up (see fig s 1 and 5).

The outl et for thi s unit i s connected by a pipe running through

the building to t he l arge ef f l uent t ank al reedj referred to .

The complet e system, th at i s. any part of it involved direct ly

with sea water and t he tox ic ant , i s constructe d of plexig lass,

polyvin yl chl or i de (P.V.C.) or glass .

Temper ature Contro l Component

The apparatus pic t ure d in fi gure 5 i s a modifie d sand
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Figure 5.

The temperature cont rol component

The t emperature contro l unit has three heat er s

~s~~~~~ i~;Ow;~:rw~;~~e~:~~r:h~~m~~ ~~'~~OC
within a few minutes. The unit has been used for
per iods of 10 days without fail ure of any of i ts
par t s .
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filter which had originally been constructed for use with

the S. D. U. but which had si nce been replaced by the Hypur

fil ter .

Extra holes were cut into the pressure cover and int o t he

wall of the 20 It ters polyethylene cont aine r . Three 1000 watt

illlTlersio n heaters were installed int o the cover and caulked

into place so that the element s were situated 2.5 cr••s f rom the

in l et tu be . Thi s provided f or opt imum heat i ng of t he sea wate r

which fl ows into the S.D.U. . The tu be built i nto t he bot tom of

the container 15 the inlet tu be. the tube built tnto the wall

of the conta iner near the top, serves as t he outlet and l eads

through 1.9 ems tu bing to t he inlet pi pe of the S.O.U. (see

figs .1 and S) .

The water heate r was lo cate d such th at the out let from the

bath and t he S. D.U. inle t were at the same height . alleviating

excessive pressure problems. The pressure provided by the sal t

water tap , reduced to 0.63 cm is sufficient ~ to run water into

t he Seri al Dil uti on Unit .

Temperature is controlled by the use of an int r ica te

the nnoregula to r (see fi g. 6) . This is div ided into two sections :

the lower one is constru cted as a mercury t hel"'lllOOlet er with the

except ion of an electrical connect ion made to t he 'loweat part of

t he mercury column. As temperatu re increases . the mercury

col llllfl r is es to a point where i t touches the conta ct wi re with in

.'



-26-

Figure 6.

The the rmoregulator of the te mperature
control component .





- 28-

the capillary , at wh tch point . cont act i s made and the heat ers

are turned off automati cally . locat ed in the upper portion of

the thermoregulator , i s a sett ing scal e , contac t wire and a

follower nut which moves t he conta ct up or down, dependi ng on

the ro tat ion of the magnetic sett ing cap and subsequent rota tion

of th e threaded spi ndl e .

This thermoregula tor is in turn connect ed to a controller

which serves as a re l ay. Since t he cont rol le r could only handl e

600 watts. anot her relay capable of accepti ng 3000 watts was

attached,i n parall el , to the cont roller and t he heat er s . Thus

the circui t i s completed.

Choice and Preparat ion of Experiment al Animals

1. Capture of Spectmens .

Three-sp 'lned s ti ckleback M the marine adapt ed Perm of t he

three-spined stickleb ack, Gaste rosteus acu' leatu s , was ca ptured

i n two ways . At Por t ugal Cove, a small number were t aken f rom

t f de pools. The f is h were ca ught by dip- net and retu rned to t he

MSRl where t hey were pl aced i n a large hol di ng t ank of 150 L.

capaci ty wit h a cons tant fl owt hrough of sea water f or acc limation .

Dur in g the hol di ng period, sick or dead fis h were removed ~Ihen

obse r ved . The sec ond method which provi ded 90%of the stickleback



Figure 7.

The Avalon Penin sula of the Provi nce
of Newfoundl and.

1. St .John' s .
2. Logy Bay.
3. Portugal Cove .
4. Bryant ' 5 Cove.
5. Bellevue.
6. Long Harbour
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Fi gure 7.
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used in the experiments. involv ed the use of a 10 meter nylon

sein e. The seining for these stickleback. was done in Broad l ake

at Bellevue , Tr i ni t y Bay .

At la nt ic cod - The number of Atl ant i c cod. Gadus mcrhue ,

requi red for t he phosphoru s exper iment s was mor e diff i cul t t o

obtain and var i ous capture methods were ut tl t zed.

a) A 10 met er se i ne was used at Bellevue . usually on t he incoming

ni ght t id e. 75%of t he cod we~ ta ken tn th is way.

b) A 30 m. se i ne bor rowed f rom th e Fisher ie s Research Board -of

Canada was used at Bryant ls Cove , Conception BaY,but fe w

were t aken.

c} The squi d trap se t by th e HSRl i n Logy Bay and Port ugal Cove

provided ill smal l number of cod .

d) Ste el mesh traps were bul1 t and set aro und th e wharf at Por tugal

Cove. These were constru ct ed wi th a funnel at one end and a

renK)vable screen at th e othe r . and batted with capel t n. Thi s

metho d was abandoned after catching a few cod as t he traps

were continuously being t ampered with .

Sta rfish _ The nor t hern starfish.~ vul gar is were col ­

l ected by dive rs employed by the MSRl. i n l ogy ' Bay and Por tugal

Cove.

Flounder _ Approximate ly 50 wi nte r fl ounder. Pseudopleuronectes

~. were collected tn the 10 m. seine at Bellevue .
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Figure 8 .

The three-s ptned s tickl eback,
Sasteroste us aculeatus lf nnaeusms.-- - - -

Figure 9.

The Atlantic cod, Gadus morhua:
lfn naeus 1758. - - - --
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Figure 8.

Gadus marhua L.

Figure 9.



·3 3·

Fi gure 10.

The northern starfisl'l~~ vul gar i s .

Figure 11.

The winter flounde r.
Pseudopleuronectes american us

(walbaum) 1792. ---



Figure 10.

'.eudopl.uronect.. am.ricanul

Ftgure 11.
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2. Hol di ng of Test Animals .

The holdi ng tank for the vari ous species was a fiberglass

tan k of 150L. measur in g 48 10. X 32 i n. X 12 in • • When a la"ge

number of cod were taken . some of these were plaGed tn a cement

tan k 36 f n.X 24 fn . X 24 tn . in the holding tank roora of the HSRL

The temperature of th e water i n both tan ks varied wi t h i ncomi ng

water at the MSRL. and thus was related to the water te mperature

of the young cod' 5 habitat .

Test subjects were held for at l east ten days prio r to t he

i ni t ia tion of an ex periment . Any fish which were not in good

condi t i on. due t o not iceab l e physica l disabil it ie s . were removed

f rom the hol din g ta nk. All specimens were fed daily on capeli n

dur i ng the holding per iod . feedi ng was stop ped 48 hours pr ior

to the exper iment. as sugges t ed by a m'll1ber of autho rs . The per­

centage of cod dying or becoming seriou sl y disabled dur ing t he

hold ing period was less t han IDS as was t he case with flound er;

i n t he case of st ic kleba ck and sta rfi sh , t he f i gure was less

than is.

All areas from whi ch s peci mens were ta ken were free of

indu strial pollutant s but could have been mildl y poll uted by

sewage. The wate r f rom logy Bay, f ree of both t ypes, was pumped

th rough th e MS Rl system which cons i sts of- f i be rgla ss· l in ed

P.V.C. pip es , f ed by cer ami c- l ine d pumps.
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Phossy Water: Nature and Fonnul at i on

The di sper s i ons of colloidal phosphorus used i n the

experimental work . were obt ai ned by three di f ferent methods .

1. EReO Phossy Wat er.

For t he f irst ser i es of experiments , the phossy water was

procured f rom th e Electr ic Reducti on Company of Canada plant at

lo ng HarBour. Placenti a Bay. Thi s wate r was taken from conden­

se rs and P4 hold i ng t anks and as such contained some dis solv ed

phosphorus and variable amounts of colloidally-di sper sed particl es

of yel low phosphoru s (see individual experiments and appendic es).

The disp ersion s were not pure but contained particles of coke

dust and s ilica . This res ulted i n a grey color and greate r turb idity.

The [ReO sampl es also cont ai ned some S02 and a repor t ed few ugm/L

of cyan i de (I dler ,1969) . Si nce eamcnte was used to main tain a pH

of 7 in th e phnt pro cess , arrmonium phosphate , arrmon ium silicon

fl uoride and anrnon ium f l uor ide were also present i n undet enni ned

quantit ies .

The water sampl es were del ive red in 20 or 40 1t t ers

containe rs on re quest .

Experi ment s were run on t he northern starfish. the t hree- spi ned

s tick.le back. and t he Atlantic cod , usin g the ERCO phossy water t o

provi de th e pollutant . The re sul ts of t hese bto -asseys are found

in th e re le vant section s of the manuscript .
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2.Ultrasonic Preparation.

The second method "i nvol ved an ul trason ic generator f or

the preparation of a colloida l di sper sion of phosphoru s . On

advi ce from Dr.M.Newl ands. who had done some phosph orus oxid ati on

s tudi es fo r the M.U. N.Coor dfnatfng CollV11ittee on Pl acent i a Bay.

fl1llledi ate l y after th e ERCO poll ution i nci dent. 3()ngm.,1' P4 was

sonicated i n 1 liter of di stil led wat er at 4SoC for 25 min.

(The i nst r ument was a Blacks t one generat or, Model SP ~ 2)

The phossy water produced was poured into an i nsulated container ,

pl aced on a magnetic stirrer to keep the particles i n suspensi on

and pumped into the mi xing trough of the S.D.U.. Oril y one expe­

rfment was run wit h this method .

3. Dissolution i n Alcohol.

The l ast method used was that fol lowed by the Fi she r ies

Research Board In Halifax. in preparing di spersions of phosphorus

fo r their inve stigat ions into the pol lut io n i nci dent. Yell ow

phosphorus was first di ssolved i n IDOl ethanol . t hen preci pitated

as col l oi dal particle s by add in g de-oxygenated water at 45°C.

Ihe la tter was prep are d by bubbl i ng N2 th rough water f or a few

minutes . This produced the requi red di spersi on; For the bio-as says

with the pure disper si on. 0. 08 qms . of yel low phosphor us were

precipitated i n 1 l iter of atcc bot - wet er (l00 mls .ethano1 - gOO

mjs , H
20)

to gi ve 80 mgm/ l. Thi s method proved to be more pract ic al

t han the ultras onic techniq ue.
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Vol ume and Replaceme nt Time o f Te s t Wate r

The American Public Health As soc iation (1 9 65) has

reco mme nde d th at t here sho uld at lea st be 1 liter of wate r

per gram of f ish i n s tat ic t ests . Though th ese are cont inu ous

f low e xperi ment s, th e nat ure of th e pho sph oru s and t he desi re

to ma in t ai n t he f ish in a sys t e m where ot her var iable s s uc h

as o xygen co ncentrat ion and t he f r effects can be minimize d,

suggeste d t hes e cal cu la t io ns woul d be use fu l .

In t he case of 3 tes t s with Gastero steu s ecut ee tu s ,

t he mean weight of a s ample o f 300 fis h was 1. 57 gms ( s e e

Table l) . S f nce t he re a re 32 1ite rs of su s pen s ion i n eac h

aquar ium, ea ch gr am of f i sh had 2 .1 U t er s avai lable at all

ti mes . rnes e rl 9ure s ere UCI:lol:: U V II 1C r ;",:, j:.~' t;;, ii :;'. Acco r ::!1 ng

to Alasba s ter and Abram (19 65). th is is s at i s f ac to ry .

Table 1. COMparis on o f the weights of s ti c kl ebac k pe r tank
i n the f irs t t hree ERC O phossy wat er bio- as s ay s .

Tank Number Expt. l. Exp t . 2. Expt . 3 .

0 19. 0 gms . 16 .8 gms . 16. 4 gms .
1 15 . 8 18 . 4 16.9
2 17 .0 11. 3 17 . 3
3 17 . 3 13. 5 15. 1
4 15 . 9 9 .0 15.7
5 16. 9 17 . 2 21. 8
6 15.9 17 .3 14 .0
7 17 . 2 12 .8 14 .0
8 16 .7 12 . 2 14 .6
9 17 .9 13 .9 15.5

Aver age weigh t of
10 f i s h i n 10

14 . 2 15 . 2 gms.aqua ria 17 .0 gms. gms .

Average wei ght o f
1.7 1. 4 gms . 1. 6 gms.1 f ish gms.

" I
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Since the test apparatus was built f or cont in uous fl ow

bto-assays an d a collo i dal dispersi on was us e d as t he.

pollu t an t, it was impo rt ant to calc ulate th e replacement

t ime of water in t he aqu aria . He us ne r , as repo r t ed by

Sprague (1969) devise d a method t o estima te th i s f a c t o r .

Usi ng a graph develope d by Heus ne r , and presente d i n

Sprague (1969) . I foun d t ha t 90S rep l ac e ment of t he test

sus pension takes appro ximatel y 6 hours . Sprag ue c onsi de rs

this more t h an ade quate . This also re asonable when one

remembers that t he half-l ife of yellow pho sp ho ru s in dil ut ed

phossy wate r is 7.5 ho urs ( Zit ko . tl. !l. . 1969 ) . If 100 %

rep la cement is necessary. t his may not be adequat e .

Therefore 90 S r eplacement of t he 32 l iters of s us pen s i on

whic h con tains an a ve r a ge of 15 gms . o f s t t ck Leb ack takes

6 hou r -s; th is prov i de s a va lu e of 7. 7 L./ gm./ d \lY. Over a

24 hour per iod. it would appear th at t he rep l ace men t t ime

is ade qu at e t o prov i de fo r respi r ation of t he f i sh an d

accomo date any oxi datio n of P4 in th e aqu aria .

Exper i mental Proced ure f o r Bi o- as s ay s

Re adin gs of ce r tain en v t ro nmenta l va r ia b l e s we r e ta ken

at r e gu lar i nterva ls th r ou ghou t th e t e s t peri od . Ot he r

techni ques r e la tin g t o t he e xper ime ntal work are also

desc r ibed i n this s ect i o n .

a} Te mperature was mo ni tore d hourl y dur ing the

e xperi ments conduc t e d be fo r e t he cont r ol un it

was i nstalled . A temp era t ur e re co rde r
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Figure 12.

The Gilmont Flcenet er-, No.2.

The. flo lr«llet er was i nst alled to f acil itate
the monitoring of t he valves i n t he S.D.U.





had al so been used fo r t wo bio- assays . Si nce temperature

dependency work was to be done, and abrupt changes i n water

t emperature were known to occur at t he HSRL . moni t ori ng was a

necessity t o explain the possibl e ef fect s of a cl-astic change

in t empera tu re in a confined area such as an aquari um. on t he

to xic ity of P4'

b) pH read ings were take n during t he te sts conducted with th e

phossy wat er obt ained from ERCO. These were recorded accurately

with the ORION Ion Anal yzer .with its expanded scal e . whic h was

obtained in the la t t er part of the work with ERCO phossy water .

c) Readings of the flow rates of the valves in t he S.D.U. were

taken every hour with t he Gl1mont Floese ter . No.2 , (see f ig.12) .

Thi s was t o det ermin e if any of t he val ves were becoming clogged

with matter whi ch had not been fil tered out . (It was found

that al gae settled i n the troughs and grew rapidly even in

dilut ed phossy water .)

d) Du r i ng t he fal l and winte r when most of t he bio-as says were

run, th e di ss ol ved cxyqen concent r ation of the sea water at

logy Bay incre ases mar kedly at t imes due to the cooling of t he

water and t he gener ally rough seas whic h prevai l . The desi gn

of the S.O.U. i s such tha t i t provides for a loss of some of

th e excess oxygen as t he seawate r runs fro m tro ugh t o trough.

This i s evidenced by t he f act th at air bubbles were often



-43-

seen (when D.O. i ncreased above 8 ppm ) on animals i n the

A~frame t r ays whereas no bubbles have been not i ced on the

animals i n t he test aquaria . These obse rvat ions on di ssolved

oxygen . however . were not substant iated by D.O. measurements

by col orimetric t i t r ation or wit h an oxygen met er . Direct

aeration of t he test aquar ia was avoided , es i t would have

inc reased the oxidat ion of the phosphorus .

e) Sel ected spectee ns were preserved for la ter st udy. The IIOr t al1 ty

t ime of every fish and starfish was recorded as well as the no.

of the aquarium 1n which i t di ed. and the l engt h of t he ant mal.

The weight was al so i ncl uded for two stickle back experi ment s

t o obt ai n an i ndi cat ion of possible to xic ity we ight rela t ionsh i ps .

Tho;o!~ ~ .. i"' 1I1< whi,-h _ r p r:nl1P r:ted f nr poss ib l e ht sto'l oetca l

study at a l at er dat e . were f ixed and preserved as fol lows :

Vert ebrates were pla ced i n Dietrich 's sol ution fer 10 mi nute s

and s t ore d i n neutral formal i n. Invertebrat es were f ixed in a

modified Zenker's solution (Yevich - persona l coll'lt1unica tion)

before storage in neutral fonnalin. The period of f ixat ion was

12 hours for th e starfish .

The st ic kl ebacks were preserved in i ndi viduall y labelled

bottl es whil e t he cod were t agged and stored in a sea led plastic

tray . liver s of t he cod and fl ounder were . fb:e d and prese rved

as t he f i sh became moribund in the fi nal ·10 day bio-a ssays on

t hese species . The livers were placed in la bell ed vials.

f ) For the majo rity of btc -asseys , ten animal s were used to provide
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