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ABSTRACT 

Lipids are -composed primari ly.of atoms of carbon and hydrcgen. They 
-can be subdivided i n t o severa l c l a s ses , according, to t h e i r s t r u c t u r e . 
Most c l a s s e s have known func t ions i n * c e l l s or known anthropogenic 

- * * - i . -

s,putces. Groups of classes can thus be used to indicate the presence of 
certain types of organisms and the i r physiological s ta te . Oth^r classes 
riaft provide a strong signal of l i p id degradation or pollution. 

The measurement of the complete s u i t e of l i p i d 'c lasses in both 
dissolved and pa r t i cu la te matter in t h i s thesis i s a new^ informative 
approach t o research into oceanographic processes. A new comprehensive 
a n a l y t i c a l technique was used: Chromarod t h i n - l a y e r chromatography 
(TLC) wi th l a t r o s c a n flame i o n i z a t i o n de tec t ion (FID). Development 
schemes were designed for maximal separation of marine l ip id classes on 
Chromarods. Procedures were' also elaborated to optimise the detection 
and measurement of l i p id classes in. the latroscan.' An in te rca l ibra t ion 
showed that FID measurements were close to \ rue ..gravimetric values. ' 

The p r i n c i p a l environmental processes studied were those occurring 
during spring phytoplankton blooms and those occurring at pycnoclines. 
Laboratory" c u l t u r e ' d a t a were c o l l e c t e d under ca r e fu l l y c o n t r o l l e d 
conditions and several time-*series an"d profi les of f ie ld 'da ta were'also 
col lected in Bedford Bas.in, over the Scotian Slope and in Lake Huron., 

The production ra tes of i n t r ace l lu l a r and extracel lu lar algal l ip id 
classes were examined as a function of the rate of supply of nitrogen., 
A new system was used to provide a highly controlled algal environment: 
the cage culture turbidostat . The in t race l lu la r synthesis of a storage 
component, t r ig lycer ide , was tr iggered by n i t rogen-s t ress ; under these 
conditions other l i p id classes were released extracel lu lar ly , 

. The resu l t s of the culture s tudies-ref lected observations made during 
phytoplankton blooms in Bedford Basin. Triglyceride became the major 
l i p i d c l a s s measured in* p a r t i c u l a t e mat te r from the t ime , of the 
ch lo rophy l l maximum' onwards. This c l a s s was a l so observed to have 

' maximal va lues in the v i c i n i t y of pycnocl ines in a v a r i e t y of 
environments . The temporal and s p a t i a l l o c a t i o n of t h i s energy- r ich 
Storage component may ref lec t a survival mechanism used by autot rophs 
and i s important to the metabolism of 'heterotrophs. 

Dissolved l ip id class data indicate decreased exudation and increaoed 
"bacterial uptake a t the time of the chlorophyll maximum' during blooms. 
There i s a l s o evidence for the uptake of d i s so lved phosphol ipidc by 
algae. These l i p id s could be used by autotrophs as a source qf nitrogen 
and phosphorus when inorganic nutr ient levels are depleted. 
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Acylated glyceryl ether.,' „ , w*-" 

Hydrocarbon. 

High performance liquid chromatography. * 

. 1 . » 

f . 

K e t o n e . 
* 

• .» '' ' " n 
Micro-Eins te in . • „ , 

* fl . * . ' " 
Microgramme. 

„ M i c r o l i t r e . ° ' • > „ 
* . 1 • 

1 * . -

Methyl e s t e r . ' ,__ 

Methanol. 

Normal, unbranched* 
t K, -

I 

Unbranched l i p i d c h a i n w i t h rt c a rbon a t o m s and x doub le 
4 bonds. This i s a combination af t r a d i t i o n a l systems used by 
l i p i d chemis ts (Garr arid* James, 1980) and i s s i m i l a r t o t h a t 
used by S a l i o t (1981) fo r ' marine hydrocarbons'. 
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ABBREVIATIONS, SYMBOLS AND FORMULAE - II 

PAH Polycyclic "aromatic hydrocarbon. 

PL 

* 

TG 
*• 

TLC 

' WE 

Picogramme. *** 

Phospholipid. * ' •» 

(Density - 1) X tOOO*. 

Sterol. ~ ?'»( ' , 

Triglyceride. 

' '* %> 

Thin- layer chromatography. 

Wax e s t e r . ** 
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GENERAL INTRODUCTION 

r < 
1 " . *" 

•*/• 

is 

. Lipoids are hydrophobic compounds composed p r i m a r i l y of atoms*or" 

, carbon and hydrogen. In environmental science's the ^adjec t ive 

'biogenic' is?'often t a c i t l y implied whenever^ the t e tmpd^id i s usfed. 

In addition, this~term is' sometimes further r e s t r i c t ed to only those 
'' ! * ' « * » . . 

tnolecule"s5h.earing,,acyl groups (R-X3=0): prUncip'-ally the. ' ffee fa t ty , 

ac ids and t h e i r e s te r s ' . . These e s t e r s can be subdivided i n t o ' t h e 

following classes: wax es te r s , s t e ro l esters*4 methyl es te rs , acyl^ated 

g lycery l e t h e r s , t r i g l y c e r i d e s , d i g l y c e r i d e s , . monoglycierides', 

g l y c o l i p i d s , and phosphol ip ids . These c l a s s e s include^ e s s e n t i a l " ' 

components of membranes, energy s to rage compounds, and c e r t a i n 

compounds that are the products of l ip id degradation. j ,,, 

The ope ra t iona l de f in i t ion"of l i p i d s , however, can re^ t i l t in tfrfe 

inclusion of a l l hydrophobic classes that are extracted with orgariic 

so lven t s . Several of these^ad<| i t ional c l a s s e s a r e a l s o ' b i o g e n i c ; 

others can contain a s ignif icant proportion of pol lutants . Compounds 

in the additional classes include a l ipha t ic hydrocarbons, polycyclic -' 

aromatic hydrocarbons, a l ipha t ic ketones, aromatic ketones, phthalate 

es ters , a l iphat ic alcohols, a l i cyc l i c (a l iphat ic + cyclic) alcohols, 

glyceryl ethers , and pigments. I t i s the broader range of extractable 

l ip id classes that wi l l be considered in t h i s fstudy (Fig. 1.1). 

1 1 / 
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A 

„ The*" principal aim*« of this"'researehT* was to ; study the dis t r ibut ions 

of marine l ip id classes in, t ime-series and in prof iles.-( The" processes 

tha t were ^:on;sldered to be of part icular in teres t for a study of th is 
** f 

' ''<• $ • ' j V " , i 

kind^wjere^those occurririg during spr ing phy'toplankton blooms, and 
' -jf * - „ >.. « , * 

those occurring near-*frontal regions. j • \ , • 
v* ' * "- " ' * * * * * , 

3- T r a d i t i o n a l l y , l i p i d s in the n a t u r a l environment have been 
2* ' .. »' 

' «» <•' ' * .' 

investigated by«s, measuring the. t o t a l l ip id content or the fatty/ acid 

^moieties of several l i p i d c l a s ses a f t e r t hydro lys i s . With t h i s 

approach, however,' i t i s *difsflcult to elucidate the«nature and source 

of the original l ip id material^ ••* ' * » ••-J' 

' At t h e t ime t h i s p ro jec t began, a promising new a n a l y t i c a l 

technique for l ip id measurement, the Chrdmarod-Iatro'scan syatem, was 
- i /* 

starting*' ' to receive ' considerable,, attention*' in the biomedical 

li te^ature^ (Ackman, 1*981a). This technique employed a8 combination,"of 

two well-established analyt ical tools : thin-layer.chromatography and 
* 1 A 

the flame ionization detection of carbon. The- technique'became known 
as TLC/FID. The'firsjt s tep in t h i s research pro jec t then became the 

f. _ • » 
* a J 

development of l ip id class separation procedures sui table ipv aquatic 
s a m p l e s , as w e l l as t h e e s t a b l i s h m e n t of , c a l i b r a t i on and' 

• * • * ' , ' 

quantification procedures. The technique«was developed, not jus t ' for 

use in studies of marine dissolved and par t icu la te matter, but also 

for use i n the a n a l y s i s of l i p i d c l a s s e s in f reshwater samples, i n ' 

phytoplankton c u l t u r e s , and in a q u a t i c invertebrates;. Samples were 

taken from these oWSfr sources to complement field studies, undertaken 
in Nova Scotian marine, waters, *« ? 



r u 

At the time of the development, of,the TLC/FID procedure, the Only' 

^ studies of the complete suite of lipid clashes" in seawater were those 

'< of Jeffrey (1966) and«Larssop et al*. (1974). It was thus necessary to . 
( * « 

examine the recent literature on ̂ aquatic „lipids in order to estimate 
<£> 

the likely- contribution of each lipid class to a seawater sample, and 

to establish suitable representative compounds for »use as standards 
. ^ x 

" , <• 
in the TLC/FID procedure. ,'JThis l i t e r a tu r e Review forms the *basis of< 

" % ** ^ ' 

.Chapter ' l . \ 

There have been only, two other studies> involving t ime-series and 

p r o f i l e s Of d issolved and p a r t i c u l a t e marine l i p i d c l a s s e s jduring 

spring blooms. Kattner'set al.' (1983a) measured dissolved .free fat ty 

f + ac ids and fa t ty acdtd e s t e r s in t i m e - s e r i e s and p r o f i l e s during a 

spring ptankton bloom in the North, Sea. Morris et a l . (1983) measured 

the proportion§ of l i p id classes in par t iculate matter from a diatom* 

bloom in an enclosed jecosyst'em bag. These s t u d i e s are discussed 

• further in Chapters 1 and 4, , t- t 

After developing ^TLC/FID procedures for aqua t ic l i p i d c l a s s e s 

4 (Chapter 2), d i s so lved and p a r t i c u l a t e c l a s s e s vjere measured in 

diatom cultures'grown with varying rates of nitrogen supply (Chapter 

3). The diatom study, conducted with c a g e ' c u l t u r e t u r b i d o s t a t s 

.(Wang,ersky e t -al . , s u b m i t t e d ) , gave f u r t h e r ^ i n s i g h t s i n t o 
h ' „ 

distributions of lipid cl,asses that were observed during spring 

blooms in Bedford Basin, Nova Scotia (Chapter 4). Profiles of lipid* 

classes from Bedford Basin, the Scotian Slope and Lake Huron are 

compared0 in Chapter 5. y/ 
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« * ' ' ' "Chapter ,1 

A SURVEY OF THE LITERATURE PERTAINING TO 
a-

DISSOLVED AND PARTICULATE MARINE LIPID CLASSES 

N 

1.1 Introduction * ^ 

The ease wi th which hydrophobic compounds can be ex t r ac t ed from 

marine samples and concentrated using organic solvents, together with^ 

the widespread use of gas chromatography, has led to the accumulation 
/*"" ' ' • « 

of cons ide rab le in format idn on i n t a c t l i p i d s and e s p e c i a l l y the 

components of l ip id molecules. These molecules can be broadly divided 

into thoee that* are associated with the metabolism and-structure*of 

ce l l s and those associated with pollution, 
f 

Biogenic l i p i d s are" impor tan t energy -sources in the" marine 

environment. The fa t ty acid moieties of these l i p id s have been useful, 

t r a c e r s in food-web s t ud i e s ' (Lewi s , 1969;*Lee et al_., 1971; Morr |s 

and Culkin, 1976; Paradis'and Ackman, 1977; Velim.irov, 1982). For a» 

unders tanding of l i p i d metabolism, however, the measurement of' 
* , - • : • 

. cons t i tuen t c l a s s e s i s mofe useful (Lee e t - a l . , 1971, 197 2; Mor„rie 

4 
4. 

and Culkin, ] w | ) . 

Y 
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Hydrophobic p o l l u t a n t s a re a l so ex t r ac t ed frc-m seawater samples 

» in to organic so lven t s (Ware and Addison, 1973; Giam et a l . , 197 8; 
a 

Whittle et al . , 1982). The measurement of pol lutants in combination 

with biogenic l ipids ' would be useful in studying the d i s t r ibu t ions of 

p o l l u t a n t s s ince a l l l i p i d s can p o t e n t i a l l y act as s o l v e n t s , 

transporters or sinks for pol lutants (Olsen et al . , 1982; Sullivan et 

a l . , 1982; Florence et a l . , 1983; Simkiss , 1983). 

As with s t u d i e s of marine l i p i d s in i n v e r t e b r a t e s ,(Morns and 

Culkin, 1976), i t would see'm tha t the measurement of c o n s t i t u e n t 

l i p i d c l a s s e s m d isso lved and p a r t i c u l a t e seawater samples would 

provide very useful information. The detection of a pollutant c lass , 
i. 

or of classes of the degradation products of biogenic l ip ids would be 

important in assess ing water "qual i ty . High l e v e l s of c l a s s e s 

associated w i t h ' c e l l membranes would be a good indication of growth 

in a microb ia l community. An accumulation of high-energy s to rage 

compounds would give an i n d i c a t i o n of the o r i g i n , t he n u t r i t i o n a l 

s ta te and the energy value of par t icu la te material. An ^accumulation 

of an energy class associated only with heterotrophs would indicate 

tha t energy has been t r a n s f e r r e d in the food-web,, Inf OTmatidn ofJ 

these kinds can be derived only from the measurement of constituent 

l ip id c l a s se s . 

Since the f i r s t measurements of l i p i d c lashes in seawater by 

Jeffrey (1966) there have been few attempts a t quantifying a range of 

ind iv idua l c l a s s e d Recently, however, t h e r e has been renewed 
i 

interest in this approach to studying dissolved and suspended 
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p a r t i c u l a t e m a t t e r (Hennion e t a l . , 1983; Kat tner et, a l . , 1983a; 

Morris e t a l . , 1983; Fgr r i sh and Ackman, 1983a; Delmas e t a l v 1984; 

Wakeham et a l . , 1984). The purpose of t h i s review i s to examine the 

potential value of l ip id class measurements in seawater. A secondary 

but more p r a c t i c a l purpose of t h i s review i s to e s t a b l i s h which 

compounds should be used ' as model compounds fo'r qua l i t a t ive* and 

quant i ta t ive work with marine l i p id classes. 

Figure 1.1 summarises the resu l t s of th i s review. I t shows w°hat are 

thought to be^among'the chief n o n - v o l a t i l e r e p r e s e n t a t i v e s of the 

principal l ip id classes present in s"eawater. They are arranged in an 

approximate o rder of i n c r e a s i n g p 'o lar i ty . As one proceeds down the 

l i s t the compounds tend to contain a g r e a t e r p ropor t ion of oxygen, 

ni trogej i and phospho'rus. However, a s i g n i f i c a n t propor t ion of each 

^ molecule i s composed only of carbon and hydrogen atoms. This i s what 

t 
makes a l l these compounds l i p id s , and i t i s th i s hydrophobic part of 

t he molecule tha t prevents any of these compounds from being 

3 ' substant ia l ly- soluble in water. 

4t* The order in Figure 1.1 is also s ignif icant in analytical terms. I t 

i s the approximate .Order in which individual classes would be eluted 

from a s i l i c a gel column with solvents of increiasing polari ty. Sil ica 

gel chromatography, e i t h e r column chromatography or t h i n - l a y e r 

chromatography (XLC), i s the t r a d i t i o n a l means of separating l ip id 

c lasses . > • 

—s. 
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1.2 Dissolved and par t icu la te matter 

The primary concern af th i s survey is with marine dissolved matter 

and with .marine suspended par t icu la te matter. The dis t inc t ion betweefl1' 
„ O u • 

these two fractions is entirely operational, and has been causing 

problems fo-r many years (Whitehouse et_ al_.» 1984). The'reason for 
a T 

t . - / 

wanting to make a d i s t i n c t i o n i s p l e a r : it* i s an a t tempt to 

distinguish between l iving and r ecen t ly l iv ing„nra te r i a l* suspended 

s o l i d s , and mic 'e l les , and t ha t ma te r i a l which e x i s t s as s ing le 

molecules, diiuers or oligomers. The means of making the d i s t inc t ion 

i s also obvious: a f i l t e r with very small pores i s used. Par t icu la te 

material i s retained by the f i l t e r , dissolved material i s that which" 

passes through the f i l ter*. The problem has been"that no one f i l t e r 

has -been found t h a t w i l l a d e q u a t e l y s e p a r a t e d i s s o l v e d and 

p a r t i c u l a t e ma t t e r and a l s o t ha t ^no one f i l t e r has ever been used 

universally by, oceanographers. „ <L 
fr ... " 

Whatman,GF/F and GF/C glass- f ibre f i t t e r s are commonly used in work 

w i t h marine organic compounds (Wangersky and Zika, 197 8), In l i p i d 

work, Gelman A/E g l a s s - f i b r e l^ituers have a l s o beeft :used (Boehm, 

1980; Kennicut t -and Je f f r ey , 19jjpM>;.Bates e^tl. ,^jf!983; Delmas e t 

a l . , 1984; Wakeham et a l , , 1984). The reasons for using g l a s s - f i b r e . 

f i l t e r s are that they can be easi ly and thoroughly cleaned and^that 

they a re a l s o r e l a t i v e l y inexpensive . There are? however, s eve ra l 

problems associated With the use of these f i l t e r s . F i r s t l y , the above 

three f i l t e r types have three* different nominal, pete s izes : 0.7, 1.0 

and 1.2 am. These d i f f e r e n c e s way not be s^gni.fie&nt, however, m 
f \ a 

/ 
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, « 
1 

l ight of the fact that the manufacturers s ta te that the par t ic le size 

for which the f i l t e r s offer abso lu tWte ' t en t ion "... i s genera l ly 
, - . <• * ^ " > » — — « •* } i 

several times the diameter of the i r nominal rating." This si tuation 

•> could be exacerbated by the md's.t common method of cleaning g l a s s - , 

fj.bre f i l t e r s : heating overnight in an oven at 400"*- 450 C. 

. Data presented by Bates et al . (1983) suggests that although 25% of ' . 

1 um p a r t i c l e s pass a precomhusted Gelm^n A/E (1 um nominal pore " s 
' ' * - 4 

s ize) f i l t e r , a t 3 um the f i l t e r i s 85%,Tef f i c i e n t a n d ^ t 4 fim i t i s 

.90% d i f f i den t . I t i s necessary t o e s t ima te how t h i s might a f fec t 

l ip id chemists' perceptions of 'dissolved1 and 'par t icula te ' matter. 

F i l t raf t ion s tud i e s by i t u r r i a g a and Zsolhay (1981) ind ica t e tha t 

approximately 85% of autotrophs' and 55% of heterotrophs were greater 
i 

than 3 um in size in coastal water. Taking an extreme case where al l 

au to t rophs and he te ro t rophs are assumed to be ei ther significantly smaller than the median retention of a Gelman A/E or else exactly 3 

um in size, 'then a precombusted Gelman A/E should retain about 70% of 

autotrophs and about 45% of heterotrophs. "In another study involving 

f i l t r a t i o n of coas ta l wa te rs , Larsson and Hagstrom 01982) indicate 

t h a t more than 75% of au to t rophs a re g r e a t e r than 3 pm, whi le only 

40% of he te ro t rophs a r e l a r g e r than 1 jim. Again, t ak ing the extreme 

case, t h i s would indicate a reter 

of 3u% of heterotrophs by an A/E. 

/ 
case, t h i s would indicate a retention of 65% of autotrophs and only 

•r-t 

S* 
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Figure 1.1. 

The p r i n c i p a l l i p i d c l a s s e s of v s e aw a fee r-" and t h e p r i n c i p a l 

' representatives of those classes. The compounds are * subdivided into 

t h r ee groups according to the t h r e e TLC*separations obtained for 

these model' compounds on silca-coated Chrdiuarods (Parrish and Ackman, 

19,83a; Pa«rish» Chapter 2). Each compound structure i s drawn with the 

most hydrophobic part of the molecule* pointing towards the r ight of 

I k a 

the Figure. The hydrophobic portions of,-the molecules have been drawn , 

close together, as-they might be'expected to be 'oriented in-seawater. 

* (a) The least polar classes: .the hydrocarbons arid simple eeters. Wax 

es te rs and sterol es tars are d i f f icu l t to separate by s i l i c a gel* TLC. 

The- hydrocarbon molecules a re approximately equal ly hydrophobic 
4 

everywhere in each structure. Jf 
\ 

(b) Ethers, es ters , acids, and alcohols. 

(c) The most po la r and most complex c l a s s e s . Monoglyceride's, 

glycolipids, and pigments often migrate together in TLC separations 

on s i l i c a gel. 
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.Lipid "t:lass 
•-(a) 

Structure 

^Representative compound 

T Name 

' A l i p h a t i c v 
hydrocarbons' 

n-Nonadecane 

Polycyalic 
* afoma^fc 

hydrdcarbons 

Phenanthrenc? 

Wax es te r s ** 
H'*C-

Hexadecyl 
palmitat c> 

Sterol e s t e r s Cholesteryl 
palmitate 

Short-chain ^ Q 
esters V 

Methyl, 
palmitate t 

(I 
0 
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Lipid class ̂
 (b) 

Acylated H4C v 0 
glyceryl I H 
ethers HC-O—C. 

Structure 

H*C, 
\ , 

Triglycerides 

* / " ' 

II 
0 0 ' 

HaC 0 
J HI 
HC-0-( 

! 

.Representat ive compound 

Name 

G l y c e r y l - 1 -
hexadecyl e t h e r , 
2,3-dipalmitate 

»Tripalmitin 

Free fat ty HO—C 
'acids 

Phthalate 
esteus 

Palmitic acid 

Di-2-ethylhexyl 
phthalate 

.Free a l iphat ic HO-~CH2 
alcohols 

Sterols 

Diglycerides 

J 

HeC 

Phytol. 

"X" 'Cholesterol 

-»• 1,2-Dipalmit in 



Lipid class 
(C) 

Structure 

12 

'Representative compound , 

Name 

Monoglycexides 

. / H2C 
* -\ 

HC-OH 
I 

HtC. 
\ OH 

sl-Monopalmit m -

i-Glycolipids * 
H2C0H 

H O > — O 
* <OH' > 

OH 
0 — C H 2 

Pigments -

H 0 4 ^ 
0 - C H 2 0 ' 

H C - O - C 

OH H * \ 
0 , ' 

•f t * 
C J H J , i .CHj 

C H a o - C H s 

) 

Digalactosyl 
diglyceride-

Chlorophyll a 

Phospholipids 

CH. 
\ 8 

H»C -~N"~"CHjji'"*C1 

CH, 

Dipalmitoyl 
l e c i t h i n 
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I t would seem tha t in coas t a l wa te r s , 70% of the autro ' t rophs and( • - , 7 
40% of the microbial heterotrophs are reasonable minimal estimates.of 

the propor t ion of each popula t ion e x t r a c t e d from f i l t e r s by l i p i d 

chemists; Although absolute retention of- l iving matter i s clearly not 
feasible with glass-f ibre f i l t e r s , an advantage of having a nominal 

^ *' 
pore s i z e of the order of 1 pm is1 t h a t t r u l y d issolved m a t e r i a l i s 

less l ikely to be adsorbed on the . f i l t e r than would be the case with "" 

smal le r pore siz>es (Jahnson and Waflgersky,* 19 85). As wouTd~T>e 

*• expected, however, the adsorpt iqn of l i p i d s oji f i l t e r ^ xs s t i l l , a 

s i g n i f i c a n t problem. Schultz and Quinn (1972) suggested the term 

•retained organic matter' for samples f i l t e r e d through g l a s s - f i b r e 

f i l t e r s . They found t h a t 20% of the1 f a t t y ac ids r e t a ined by g l a s s -
9 A ' ' 

fibre f i l t e r s actually belonged to the dissolved fraction of seawater 
t ' » 

(Schultz and Quinn, 1973; Schultz, 1974). A value of around 20% seems 

to be an accepted level for adsorption of fatty acids in near-shore 

waters (Schultz and "Quinn, 1977; Goutx and Sa ' l iot , 1980). This 
* . . * - = . - • > 

suggests t ha t from a q u a n t i t a t i v e pe r spec t i ve , adsorp t ion should , 

c r e a t e only a small b i a s ; however, t h e r e i s c l e a r l y a need for 

further research on the effect of f i l t r a t i o n on dissolved hydrophobic 

compounds. . ^ 

From a quant i ta t ive perspective i t also would appear that- inclusion 

of dissolved fat ty acid compounds m par t icu la te l i p id samples should 

g e n e r a l l y not have a gre-at, e f f e c t on t h e i n t e r p r e t a t i o n of 

p a r t i c u l a t e l i p i d data.* Dissolved and p a r t i c u l a t e f a t t y acid 

compounds present in re la t ively unpolluted coastal samples have been ' 
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found to be s i m i l a r except for a g r e a t e r ra,nge of d"ompoundsy in 

"pa r t i cu la te" l i p i d samples (Goutx and S a l i o t , 1980; Kennicutt and 

Jeffrey, 1981a,b). This i s not the case for dissolved and par t icula te 

' hydrocarbons'which setem to have qui te different sources (Boehm, 1980; 

Goutx and Saliot, 1980). There i s , however, only 3 'to 10% adsorption 

of. dissolved hydrocarbon^ on f i l t e r s (Schultz, 1974; Boehm, 1980)„ 
x ' * - > ' ' '' 

Given that bacter ia l '.carbon has been estimated to const i tute only 

about 10% of the total par t icu la te organic carbon in coastal waters 

' (Douglas, 1985), in samples where ch lorophyl l a i s a s i g n i f i c a n t 

p ropor t ion of "the l i p i d mass measured, i t can /be assumed t ha t ' 

p a r t i c u l a t e l i p i d c l a s s d a t a a r e a r e a s o n a b l e r e f 1 e c t i o n « o f 

autotrophic ac t iv i ty in the water column. 

The next ques t ion to be addressed is ,what i s mfeant by Vdissolved' 
" * * * * • * * 

l i p i d s and whether the c o n t r i b u t i o n of 'picoplankton* (Siebur th et -
•a 

al . , 1978) to th i s fraction should seriously 'affect our perception of 

t h i s f r a c t i o n . The maximum value of p a r t i c u l a t e organic carbc^i 

measured in a <1« pm/fraction in, coastal water by Smith et a l . (19'85) 
J r 

was 84 p g / 1 . K6*inxcutt and Je f f rey (1981b)/ e s t imated tha t lipids** 
r ^ " - . ' * 

accounted for about 20%- of the par t icula te organic carbon retained by 3. 

Gelman A/E f i l t e r s . Bacteria*which pass gla-ss-fibre f i l t e r s should 

not be expected' to synthesize any more l i p id than the phytoplankton 

thai: are retained by these f i l t e r s , since most bacter ia do not s tore 

t r i g l y c e r i d e s (Fu lco , 1983). N e i t h e r should p h o t o s y n t h e t i - c 
/ 

'picoplankton contribute excessive, amounts to what, are thought of ao 

d i s s o l v e d l i p i d s . Glover e t a l . (1985) found t h a t e o a e t a l 
» 
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picoplankton fixed l e s s of ' t he i r carbon in to l i p i d s "than >3 p i 

plankton. The maximum incorporation they measured was 20%. > 

Using 20% as a reasonable proportion of <1 um cel ls that i s l ip id , 

and using the maximum' par t icula te organic carbon value of Smith et 

a l . (1985), th iS ' suggests a maximal concent ra t ion for l i p i d s 

associated with l iving ce l l s that pass a glass-f ibre f i l t e r would be 

around 20 jug/1. The minimum gravimetric value for dissolved l ip ids 
r 

measured by Kennicutt and Jef f rey (1981a) i s 60 u g / 1 . Thus the 

maximum l i k e l y con t r ibu t ion of p lanktonic l i p i d to tjie d i s so lved 

fraction would be around a third. The remaining l ip ids are presumably," 

present in t rue so lu t iOn 'o r e l s e they may b e n h e l d ' i n a, c o l l o i d a l 

dispersion (Cauwet, .197 8; Yanv^and Cross, 1979; Sigleo et a l , 1982).' 

« Although l i p i d s are hydrophobic compounds, -a l l l ip ids are soluble ' 

7 • ' • ^ 
to some degree in water. There a re fewa data on the aqueous so lubi l i ty 

of l i p i d s and v i r t u a l l y - none on the i r - s o l u b i l i t y in seawater . 

< .Examination of data from two sources (Ralston and Hoerr,'' 194-2; 

Stephen and Stephen, ,1963) suggests i h a t 100 pg /1 would be a 

conservative estimate of the so lubi l i ty of individual compounds from 

a variety of lipi,d classes. This value applies to l ip ids dissolved in 

1 l i t r e of d i s t i l l e d water .a t around 20 C. I t i s necessary to 
/ 

estimate how applicable th is 'va lue might be to seawater. 
* Decreasing the temperature»f rom about 20°C-to about 0°C, Which i s 

r " 

closer to the global average seawater "temperature, decreased the 
* * 

solubi l i ty of free fat ty ,ac£ds and polynufilear aromatic hydrocarbons 

(PAH) in d i s t i l l e d water by_ about 50% (Ralston and Hoerr, 1942; 
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Whitehouse, 1983). A change in sa l in i ty from about 0%„ to 35%o, which 

i s ' close to the global average, decreased the aqueous solubi l i ty of 

PAH by about 50% (Whitehouse, 1983). The presence of more hydrophilic 

organic compounds dissolved in seawater may have the opposite effect 

(Hassett and Anderson, 1979; Glassing and Berglind,_1981). Whitehouse 

(1983) found that the inclusion of naturally occurring organic master 

in seawater increased the s o l u b i l i t y of some PAH by about 50%. The 

e f fec t of l i p i d compounds on each o ther , however, should Be 
r 

negligible. At seawater temperatures most non-volati le marine l ip ids 

(Fig. 1.1) are l ike ly to be solids. Although mixtures of these solids 

in water should not i n t e r a c t and change the s o l u b i l i t i e s o f ' t h e 

components, in p r a c t i c e some dev ia t ions dc?,, occur (Egatthouse and 

Calder* 197 6; Banerjee, 1984?; The dev ia t idns a re usua l ly smal l ; 

however, m one. quaternary system a dev ia t ion of 65^ was observed • 

(Eganhouse and Calder, 1976)^ 
& 

'•'"Using a value of 100 tig/1 as the solubi l i ty of an individual l ip id 

in d i s t i l l e d water, and using w'drst-case values in the t rans la t ion to 

an equivalent so lubi l i ty in seawater, 1 ug/1-seems to be a reasonable 

minimum so lub i l i ty for lipid'compound's in seawater. Since individual 

l i p i d s a*re presen t i n ' u n p o l l u t e d coas ta l water m fhe 'ng / l range 

(Kennicutt and Je f f rey , 1981a) i t would appear t ha t many l i p i d s in 

seawater c o u l d ' b e in t rue so lu t i on . "This i s supported by the -

measurement of s i g n i f i c a n t l e v e l s of a complete range of l i p i d 

classes in dialyzed seawater (Chapter 3). Some l ip ids , however, are 

undoubtedly associated with co l lo ida l - s ized p a r t i c l e s (Sharp, 1973; 
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Sigleo et a l . , 19,82; Means and Wijayaratpe, 1984) which would pass a 

glass-f ibre f i l t e r . Some may be~adsorbed onto inorganic surfaces, and 

sfeme may occur as m i c e l l e s which a re a l s o of c o l l o i d a l dimensions „ 

(Yariv'and Cross, 1979). -.* 

Although the a c t u a l phys ica l s t a t e of the o p e r a t i o n a l l y defined 

'd i s so lved ' l i p i d s " i s unc lea r , i t i s c l e a r t h a t p rocesses occur r ing 

i n t h i s f r a c t i o n ,are d i f f e r e n t from those ' o c c u r r i n g m t h e 

operationally defined ' p a r t i c u l a t e ' f r a c t i o n . Tejmporal and s p a t i a l 

d is t r ibut ions of dissolved and par t i cu la te l i p i d s have been found to * 

be_very d i f f e r e n t (Boehm, 1980; Morris ^et a l . , 19 83; P a r r i s h , 

Chapters 4,5). The range of compounds p r e sen t in t*hetwo f r a c t i o n s 

has also been found to be s ignif icant ly different (Boehm, 19 80; Goutx 

and Saliot , 1980; Kenhicutt and Jeffrey, 1981a,b). 

1.3 Hydrocarbons v- •* v 

Hydrocarbons - in seawater^are often thought of as being an indicator 

of p o l l u t i o n . Hydrocarbons can, however, account for a s i g n i f i c a n t 

proportion of the l i p i d s of aquatic organisms. 

1.3.1 Biogenic hydrocarbons ,- / 
a 

The u n i c e l l u l a r green a"lga Botryococcus b r a u n i i i s an example of a 

f r e shwa te j and b rack i sh water organism which i s predisposed t o 

hydrocarbon s y n t h e s i s . I t can produce hydrocarbons in amounts^-edE 

bet'ween 20 and 80% of i t s dry mass (Wake-and Hillen, 1981; Bachofen, 

* *S - 1982). This i s e x c e p t i o n a l , however, as hydrocarbons aire u s u a l l y 

s 
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present in much smaller quantities in microorganisms (-Tornabene, 

" \ IV 

1981). They occur in a l l marine organisms and normally account for 1% 

or less of the t o t a l lipid" content of the organisms (Sargent et a l . , 

1976). In marine microalgae7 however, a 10% hydrocarbon content i s 

qu i t e common, wi th the major i ty of t h i s being composed of n-

h e n e i c o s a h e x a e n e (Lee e t a l . , 1972; Holz., 1981) . Th i s i s an 

unbranched alkene with 21 carbon "atoms and 6 double bonds (n-C2i;6^ 

which i s t h o u g h t t o be formed by d e c a r b o x y l a t i o n of t h e 

character is t ic marine fatty ac id , Ji~C22:6 ^ e e an t* L o e b l i c h , 1971). • 

Fatty acids are a common biosynthetic precursor for hydrocarbons in 

phytoplankton and b a c t e r i a (Mclnnes et a l . , 1980; Tornabene,, 1981). 

Mpst n a t u r a l l y occurr ing f a t t y ac ids have an even number of carbon 

atoms. This i s a r e s u l t of t h e i r being b u i l t up by success ive 
\ 

condehsat ions of ,Co u n i t s (Gurr and James, 1980). Synthesis of -

hydrocarbons by decarboxylation thus leads to a predominance of odd
s' -

numbered hydrocarbons 'in biological extracts . ^The major n-alkanes, in* 
» % 

b a c t e r i a and p roca ryo t i c and euca ryo t i c phytoplankton are in the 

range n -%5 .0 *-° B - c 21:0 ( M a t e r a s s i ' e t a_l., 1980; Miron'ov jet a 1., 

1981; Saliot , 1981; Goodloe and Light, 1982). 

Another common biochemical building block i s the branched lsoprene 

unit. Condensation'of th i s unit leads to the formation of regularly 

branched alkenes and a lkanes as we l l as t o a l i c y c l i c ( a l i p h a t i c + 

cyc l ic ) compounds., Squalene (C30H5O) i s an example of an isoprene s 

derived alkene; i t i s quite commonly found in small amounts in algae 

and b a c t e r i a (Volkman e t a l . , 19 80a; Tornabene, 1981; Wake and 
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Hillen, 1981). In eucaryote°s» squalene i s a precursor of s t e ro l s aneî  

s t e r o i d s . P r i s t a n e (C^g.Q) i s the most^colrmon r egu la r ly branched, -

alkane i n marine organisms, e s p e c i a l l y le^ooplankton where i t i s 

be l ieved to be derived from phytol (Sargent et_ a^., 1976; S a l i o t , ^ 

1981). ^ _ ,*«,; . 

<̂  " ' - 7 . « 
- 1.3.2 Hydrocarbon pollution 

Oil pollution i s a source of n-alkanes, isoalkanes, cyclbalkanes^and 
» ,. 

aromatic compounds to the1 'marine'environment (Whittle et al . , 1982). 
i r , - ' . 

These compounds enter /the marine environment through accidental oi l 

^pTlls" , as we l l as through a v a r i e t y of chron ic , continuous i npu t s . 

Whittle et a l . (1982) presented data on the various sources of inputs 

to the marine environment. From these data i t p o s s i b l e to e s t i m a t e 

that 17 .to 21% of the total ' inputs are the resul t of urhan runoff and 

e f f l uen t s d ischarged from „ re f ine r i e s and o the r i n d u s t r i a l and 

municipal sources. 

Hydrocarbon concentrations of the order of mg/1 have been measured 

in urban runoff (Hoffman et a l . , 1982). Concent ra t ions of 0.3 to 3 

ug/1 "of alkanes in ; t he range tr-C^.Q to n-C^cuo have been measured in „ 

sewage e f f l uen t s (Barr ick, 1982). Although the range of petroleum 

alkanes overlaps with biogenic n-alkanes, there i s no preference for 

odd-humbered carbon chains in petroleum compounds. 

Po lycy l ic a rcmat ic hydrocarbons a re syn thes ized by only a few 

o r g a n i s m s in" s m a l l amounts ( S a l i o t , 1981) , and t h u s . l a r g e 

concentrations in the marine environment are a strong indicat ion of 
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arithropogenic^knput^. Concentra t ions of ind iv idua l PAH in the ng/1 
• " " ' j - ~ ~ _ * 

range, wi th t o t a l PAH val'ues up to 7.7 u g / 1 , have been measured in 

sewage and in water from the urbanized portion of ,an estuary (Kveseth 

et al . , 1982; Readman et al . , 1982). Phenanthrene and pyrene were the 

major PAH detected in these studies. 

This c l a s s of compounds' con ta ins many carcinogens and mutagens; 

however, much of , the organic m a t e r i a l added to e s t u a r i e s probably 

doesMnot reach the open 'ocean (Wangersky, 1978). Up to 93% of 

petroleum" hydrocarbons were found to- be associated with par t icula te 
j , 1 - . - ' • 

mat t e r in urban runoff (Hof f mart^etr'al"., 1982), and i t would appear 

that petroleum hydrocarbons are rapidly«*sedimented near the point at 

which they enter estuarine systems (Knap and Williams, 1982). 

Other t o x i c , hydrophobic p o l l u t a n t s t h a t a re re leased in to the 

environment are the polychlormated biphenyls (PCBs) and the biocides 

DDT and pentachlorophenol (PCP). Concentrations of each of these have 

been found to"be below 10„ng/l,-"even near point sources of pollution 

(Murray e t a l . f 1981a,b). , "•' 
' * 

1.3.3 Dissolved and par t i cu la te marine hydroaeroions*. 

With the except ion of s e r i o u s l y p o l l u t e d a reas of the ocean, t o t a l 

d issolved ' or p a r t i c u l a t e hydrocarbons a re * e s e n t in seawater a t 

concen t r a t ions between 1 and 50 ug/1 ( S a l i o t , 198^1). Zsolrray (1977) 

' suggested t h a t the average conqen t ra t ion was under 10 u g / 1 , and i t 

has been .suggested-that unContaminated samples* should have even lower 

concentrations (de Lappe et al.fc 1980). 
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Kennicut t and Je f f rey Cl9-81a,b)' observed t h a t the ; a l i p h a t i c 

fractions of dissolved and pa r t i cu la te material .in Jth* Gulf of Mexico 

were dominated by n-a lkanes ' i n - the r a n g e ^ - C i ^ i n tQ^nr*C3 2:(VL,r 

Dissolved ^l iphat^c hydrocarbons often showed 'a ijimodal d i s t r ibu t ion 

wi th a maximum at C^g or C2o which was l i k e l y , to have a s s u r e e in 

phytoplankton, and a second maximum a t C32 whicjj--w3*s l ike ly to have a 

source in t e r r e s t r i a l p l a n t s . Concent ra t ions of t o t a l d i s so lved 

a l i p h a t i c h y d r o c a r b o n s were^b'etWHeeri" t)»l "and 6.0 u g / 1 , w i t h 

cons iderab le v a r i a t i o n wi th depth and wi th season. ti-Alkangs^ have 

been found to account for -20% of th§_ t'otal ^urocarbons in seawater 
, " A* 

(Goutx and S a l i o t , 1980T; Barbie . r e t a l . (1973) f o u n d ^ t h a t 
,»• 

hydrocarbons 'were oa 20% of the to t a l dissolved l ip ids . 

Boehm (1980) and Goutx and S a l i o t (19-80) examined the seasona l 
* . * ' 

var ia t ions in dissolved and particulate^hy'drocarbons; they found that" 

p a r t i c u l a t e hydrocarbons were r e l a t e d to b i o l o g i c a l p r o d u c t i v i t y . 
> » . : ' fc, 4 ' 

Dissolved hydrocarbons, on the other hand, seemed to.be more of an 
•v •* ^ 

* / 
indicator of pollution. . ^ % 

In conclusion/ it seems that ihe detection of total PAp at the pj?/l 

level in seawater could be an indication of jserious pollution, while 
* * 

^the, .de tec t ion of s i m i l a r l e v e l s of a l i p h a t i c hydrocarbons in 

p a r t i c u l a t e ma t te r mray simply be an i n d i c a t i o n of high b iogen ic 

. = t i , i t T . The presence of , g / l l e v e l , ?t i i s a o l ^ a U p n a U c 

hydrocarbons could be indicat ive of e i ther s i tua t ion; however,.where 
* *. t 

there are few 'organisms i t i s ,likely to indica te pollution. 

y < 

http://to.be
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1.4 Free and e s t e r i f e d f a t t y ac ids - « . . 

F a t t y a c i d s a r e t h e majpr componen ts of most l i p i d * * e l a s s e s . Some 

f a t t y a c i d s e x i s t i n t h e c h e m i c a l l y uncbmbined form ( ' f r e e ' ) i n 

na'tu*re «'but the most commonly employed a n a l y t i c a l techniques do not 

allow them to be d i s t i ngu i shed from the combined forms. * 

w ** '-"" ""1.4.3* A n a l y t i c a l techniques 
t .. 

>f, - Gas ch roma tog raphy (GC) *of s a p o n i f i e d s a m p l e s has been t h e most 
* T ' ' *•» 

common way of analyzing marine, l i p i d s (Dawson and L i ebeze i t , 1981). 
- • ,' * --> * t 

«• <**" '"-"' -©The i n f o r m a t i o n from GC i s r e s t r i c t e d t o compounds t h a t a r e 

A»-. v * t h e m s e l v e s r e l a t i v e l y , v o l a t i l e , or e l s e t o compounds t h a t have, 

%: * " v p l a J j ^ l e d e r i v a t i v e s . With t h e use of * m o d e r n ' c h r o m a t o g r a p h i c 

- "T-~ * * t e c h n o l o g y ^ e f f o r t s a r e npw h e i n g made t o o b t a i n s u p p l e m e n t a r y 

,, ^"information on i r i tac t b iogen ic l i p i d s , 

t ~~ '* v *- * ' * 
i.' „ - . * -

" T * High- temperature g l a s s c a p i l l a r y GC and GC/mass spect rometry }(MS) 
' " ' • * " w . 

..V -«< , can be used t o ana lyse i n t a c t marine f a t t y ac id e s t e r s (Wakeham and 
t . 

'Frew, 19 82). These t e c h n i q u e s have been used i n t h e measurement* of 
wax e s t e r s , s t e r o l esters*, t r i g l y c e r i d e s and d iacy l g lycery l e t he r s 

lx *"- * 

i n s e d i m e n t t r a p m a t e r i a l (Wakeham, 1982). Most of t h e more p o l a r 

' . r l i p i d s a r e n o t amenable t o GC o r GC/MS a n a l y s e s ( K e n n i c u t t and 

J e f f r ey , 1981a, b ) . " - , 
h : «; 

High -performance l i q u i d chromatography (HPLC) has had very l i t t l e 
/ % ' '* "' „w •** _ 

u s e i n t h e a n a l y s i s of m a r i n e b i o g e n i c : l i p i d s . T h i s i s b e c a u s e of a* 

v - * 

# 
i t 

la'&k ,of s e n s i t v e HPLC d e t e c t o r s f o r m o s t l i p i d c o m p o u n d s 

„(Aitaetmulle.r, «,°i982). Advances i n MS technology (Cooks e t al.». 1983) 

i & » 
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and tht?r recent use of l igh t - sca t t e r ing Bias's detectors In l ip^d work 
JT * <J " * ' "" 

(Chris t ie ' , 19 85) i n d i c a t e , however, thaifc ^ s e n s i t i v e un ive r sa l 

detection may soon be readily available for HPLC systems. \ 

There have been a„few-"attempts at quanti tat ive analyses of seawater 

lipids^using thin layer chromatography. Ratios of l ip id /c l a s ses have* 
* • * x 

° * & v 

been^ measured in dissolved matter using densitometry (Kattner et al., 5 
. ' .'I "* > f ' " ' e

 : 

' - ' i. * ' <« rt 

1983a) and ^n a .diatom^population using flaiae i o n i z a t i o n de-tection 

(Morris e t al . , 1983,). With the use of an internal standard? (Parrisfe 

and Ackman, 1983a) i t has been possible to obtain direct estimates of 

dissolved and par t i cu la te marine l i p id class concentrations (Delmas 
% 

e t a l . , 1984)."Th&se s t u d i e s , t o g e t h e r w i t h t h o s e of Je f f rey (196$) 
and Larsson et* al . 11974), have shown that there i s a_ complete range 

, - * : A "" -; * v v 
'of classes of fa t ty 'ac id es ters present in seawater. J" 

'•t s-

fc 
J 

1.4.2 Total fatty acids ^ " - < 

The fat ty acid moieties of es ters of aquatic origin are characterized< 

by th^ ^predominarrce of pa^mi%ic acid (n -C^ .Q) . as ve^^as the 

presence of several polyunsaturated fatty acids, especial ly ST^O^ 

andw»-C22:6 (Gunstone, 1967).'"the l a t t e r ' a r ^ . p a r t i c u l a r l y p reva len t 

in marine l ip ids , >and .recently they have; been found to be of in te res t 

in .the fields* of epidemiology and c l i n i c a l and medical r e s ea r ch 

bedause of t h e i r apparent b e n e f i c i a l e f f e c t s on human, hea l t h 

(Goodnight et1 a l . , 1982; Gl,iH^e|i^l985). '* ' - * ' - * ' 

Quantitatively^ "palmitic acid has W e n found to be the majdr fatty' 

acid in marine bacter ia , ^yanot&^p^la, eucaryotic algae, and k r i l l 
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(Parker e t a l . . 1967; Chu and Dupuy, 1980;, Mate.rassi jet a l . , 1980; 

< -Sargent and Falk-Petersen , 1981; Goodloe.and Light, 1982; Morris, 

,1984). It has also been,found to be the major fatty acid in sea fdam, "•' 

in the sea,-surface microlayer, in .dissolved and part iculate matter 
A - \ 

and in sewage (Larsson et_ al., 1974; Goutx and Saliot, 1980; Hunter, 

and Liss, 1981; Matsumoto, 1981; Velimirov, 1982; 'Kattner et al., 

; . 1983a,b). Unsaturated fatty acids were also ̂ 'detected t in these 

samples. The release of these acids into seawater may be a key step 

„ ^ -- — - «. 
i n i t h e f o r m a t i o n of m a r i n e humic s u b s t a n c e s (Haryey e t a l . , 1984). 

v „ 
The. moat important rtfle of f a t t y ac id moie t ies in seawater , however, 

' - _ &~» 
' i s undoub ted ly a s a ' s o u r c e of ene rgy . The o x i d a t i o n of 1 mole of 

o l e i c acid Cn-Cjg.j), for i n s t ance , suppl ies over 3 t imes the amoutjt 

' of energy s u p p l i e d by„ the o x i d a t i o n of 1 mole of g l u c o s e , and more 

t h a n 1 3 f t i m e s t h e amount of energy s u p p l i e d by t h e o x i d a t i o n of 1. 

, mole of ammonia (Anderson, 1980). The r e l e a s e of these compounds in to 

. seawater by a lgae may have a more sub t l e ecologica l s ign i f i cance ae 

wel l . I t may be a means *of i n h i b i t i n g the growth of o the r spec ies o"f 

a lgae or e l s e of b a c t e r i a (Proc ter , 1955; Gauthier and Aubert, 1981). 

The t o x i c i t y of f a t t y a c i d s a g a i n s t mar ine o rgan i sms may occur 

" -, d i r e c t l y a s a r e s u l t of t h e i r s t r o n g s u r f a c e a c t i v e p r o p e r t i e s , or 

e l s e I t "may be t h e r e s u l t of t h e f o r m a t i o n of t o x i c o x i d a t i o n 

products (Hashimoto, 1979). Release of these compounds may a l so be a 

means of complexing t r a c e meta l s (Mantoura, 1981). / 

Goutx and Sa l io t (1980) measured temporal v a r i a t i o n s in t o t a l f a t t y 

a c i d s i n t h e M e d i t e r r a n e a n Sea and found t h a t t h e d i s s o l v e d and 
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u r 1 

particulate fractions had similar fatty acid dis*tributiqns. The 
6 * ' •' ' ' ' . 7 

highest total fatty acid concentration, recorded in either fraction 

was 11.6 ug/1. They -found, no correlation'1 between fatty' >acid 

concentration" and chlorophyll a'content. They suggest, however, that 
, — . » 

the largest amounts of'dissolved fajtty acids were produced after a 

zooplankton bloom, as a result of (.excretion and degradation 

processes. ' i 'I \ '' " » 
Although plankton pre likely to be majot.sources of fatty acids in 

,1 - -
the oceans, it should be noted that the concentration of fatty acids 

1 ' * ' * 11 fl) p 

in river^water ,can be .very high in urban are4s*]§Matsumoto (1981) 

recorded a value for total dissolved arid "particulate fatty acids as 

high as 1 mg/1 for the Tokyo afrea. The conjoint!ration of particulate " 

fatty acids was about two order's of magnitude greater thah^that of 

dissolved fatty acids, so i t might be* .expected t'hat, ?as wit̂ hff 

hydrocarbon pollution ' (Sect. 1.3.2), notK much of this material 
° ' \ 

actually reaches the open ocean. v \ ( ' 

1.4.3 Free fatty, acids ' , 

' It was thought that free fatty acids detected in biological extracts 

' were only an artefact caused by the "action of lipases released from 

damaged cells. It is now known that they are also normal constituents 

of the tissue'lipid pool (Chapman,, 1969). Values between 5 and 25% of 
r .' v ' * 

the tjfljal- lipids have been measured in phytpplankton^and zooplankton 

(Lee et al., 1971; Billmire and Aaronson, 1976; Hende-tson et al., 

1981; Sargent«and Falk-Petersen,' 1981; Parrish, Chapter 3). A limited' 
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Amount of work on phytoplankton cultures indicates that extracellular 

* „ algal lipids do not have exceptionally high free fatty acid contents. 
.'4 l *" 

E x t r a c e l l u l a r f ree f a t t y ac ids accounted for between 10 and 20% of 

e extracel lular l ip ids in two experiments with cultures (Billmire 

7and-Aaronson, 1976; Parrish, Chapter -3). 

Free f a t t y acids' have accounted fo-r 15 to 50% of the*-total l i p i d s 

in r i v e r water , sea foam, the sea sur face micro layer , and the 

d isso lved f r ac t i on of seawater (Larsson et_ al.., 1974; Matsumoto, 

1981; Velimirov, 19 82; Katther st, al . , 1983a). 
i * + 

Free f a t t y acid va lues quoted for environmental samples are 

probably maximal va lues . D u r i n g ' t h e sampl ing and e x t r a c t i o n 
1 • • 

t O \ •* 

procedures l i p a s e s a re l i ke ly , to inc rease tr ie-proport ion of free 

f a t t y ac ids in the e x t r a c t . Poorly s to red samples can a teo show 

signif icant increases in free fatty acid content (Sasaki and Capuzzo, 
i > ' 

< r ' 

1984). For> seawater l i p id s , a 25% free fatty acid content seems to be 

a reasonable value to take as a maximum proportion that i s normally 

produced by c e l l s . So long as t he re has been gVeat care in sample 

handl ing, any r e p o r t s of h igher values can be taken to be an 
' t " k : 

v indication of 'in s i t u degradation. „ 

1.4.4 Wax es ters and s terol es ters 
.' 

g Wax estejrs and s t e r o l e s t e r s a re among the mo-st non-polar of the 

f a t t y acid e n t e r s . , Wax e s t e r s genera l ly occur on the sur faces of 

organisms to protect against water loss , but in aquatic animals they 
" i * ' * 

are used as metabolic energy reserves (Chapman, 1969; Sargent et al . , 
j 
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1977), S te ro l e s t e r s a re components of membranes (Sect. 1/7). These 

two types of esters have been grouped together here because they are 

d i f f icu l t to separate-on s i l i c a gel (Morris and'Culkin, 1975; Parrish 
• „*• i 

• * '̂  t 

, arid Ackman, 1983a). They can, however, be separa ted and analysed 

uging,. h igh - t empera tu re gas1 chromatography. Using t h i s procedure, 
* " * f -

Wakeham and Frew (1982) found t h a t the two groups were^present in 

approximately '"equal proportions in sediment t rap samples. 

* Wax esters are the major neutral l ip ids of numerous zooplanktonic 

Crustacea, especially^ calanoid copepods, where they have been found 

to accou-nt for ûp 92% of the to ta l l i p id composition, and they often 
t, o 

account for one t h i r d of the dry weight (Sargent e£ a l . , 1976; Lee 

and Nevenze l , 1979). .Lee «et a l * (1971) shpwed t h a t copepods 
* - -'' ' " " ' t 

incorporate fat ty acids from phytoplarjkton into tbe i r t wax es ters with 

l i t t l e a l t e ra t ion to the source fat ty acids* 

Although the presence of typical wax es ters or cer ides , ( f ree fat ty 

acids esterif ie4r withV'unb'ranched alcohols) i s rare in algae (Lee et 

a l . , 1971,, 1972), a s i g n i f i c a n t amount <5% o f ' t h e t o t a l l i p i d s ) of 
— — - 8 ^ ' . 

phytyl e s t e r s were found in a marine d ino f l age l l a t e^ (Withers and' 

Nevenzel, 1977). The „cells were harvested a t the s tat ionary phase of 

growth'when the t o t a l l i p i d per c e l l had increased t h r e e f o l d over 
/ 

log-phase c e l l s . I t i s pos-sible th (at t h i s unusual occurrence of 

branched-chain e s t e r s i s a response to s t r e s s . Phytyl e s t e r s have 

also been found in a dinoflagel late collected from a lake (Cranwell 

e t a l . , 4985.), but in t h i s case they only accounted for 0.2% of t h e 

t o t a l l i p i d s . Ceyides a re a l s o uncommon in b a c t e r i a (Assel ineau, 
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1966; O'Leary, 1967). * * 

Wax esters can be released into the environment following the death 

of large numbers of zooplankton. This results in the formation^of 

'wtiite' or 'milky' water. Volkman et1 al. (1980b)'analysed samples of 

this water^and found 20 ug/1* of an oil-consisting mainly af two wax 

esters, the majjot fatty acids present were n-C-ĵ Q an<j n-Ci6:o: They 

found few sterol esters, present in the milky wafce'r or in the 

zooplankton. ^ , 

Wakeham (1982) suggests that the major sterol esters in sediment 

trap material are of zooplanktomc origin, and thus a measurement of 

total wax and sterol esters (Chapter 2) can be taken as a reasonable 

indication of the zooplanktomc contribution to a sample extract. 

This generalization is limited to samples that do not contain 

significant levels of terrestrial material where wax 'esters are more 

t 

common. v » 

1.4.5 Short-chain esters 

Ehrhardt et a l . (1980) and Kennicutt and Jeffrey (»1981a,b) 

demonstrated the presence of fatty acid methyl esters'in seawater; 

both groups of workers found more in particulate matter... The dominant 

methyl ester in the dissolved fraction was methyl palmitate. Ehrhardt 

' et al. (1980) identified 8 methyf e.stern in.particulate matter and 

Kennicutt and Jeffrey (198la,b)^identified ethyl and prppyl esters in 

addition td methyl esters in both fractions. The highest total methyl 
ft 

and ethyl es"ter concentration they measured was 0,2 ug/1. They 



/ . 

29 

suggest that fatty acid es,ters are formeds as a result t of the 

. ' ' ? ' 

degradation of humic-substances^ Another possibility is that „they are 

the resul«t of th%° action of yeasts on marine nhydrocarbons. 
s * * * * 

•Significant levels of fatty acid methyl esters have been found in the 

medium of* yeasts grown on n-alkanes (Blaf-sig et al.^ 1984). ' . » 

1.4.6 Acyla,ted glyceryl ethers ' \ ~ > \- • 
. " , . ) ' 

In plate TLC, acylated glyceryl, ethers appear as a spot just above 

triglycerides. They have a widespread occurrence in marine animals-
i t " " " • / -

(Malins and Varanasi, 1972; Hallgren et *al.» 197 8). Eatty alcohols 

ate important precursors m the biosynthesis of ether bonds in marijhe-

animals. Glyceryl ethers have a rapid turnover and may be'used in 

" ' - ' ' ' J 

buoyancy control (Malins a'nd Varanasi, 1,972). „ -"'' 

Small amounts of acylated glyceryl ethers were detected'-m sediment-

trap samples by Wakeham (1982). The source for these ethers is 

unknown but they can be assumed to be derived from zooplankton,since 

there is l i t t l e evidence for their being present in significant; ' * 

quantities in algae. Some bacterial phospholipids have ether bonds as > 

part of theit? structure (Comita and Gagosian, 1983; Mancuso'ejt al.< -

1985), but there i s no evidence at present of significant levels of 

bacterial neutral lipids containing ether bonds. 

/ 

' * * \ 
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'1.4.7 t r ig lycer ides , diglycerides,p and mdnoglycerides ,,, 

Where t r i g lyce r ide s* are important consti tuents* of the l i p i d s of 

marine organisms "their functions are similar to.* those of wax es te rs : 

4theyucan act as* energy . reservoirs , buoyancy controls, or as thermal- -

insulators (Gagosian and Lee, 1981). 

, Triglycerides are lanl important," neutral l ip id class in f lagel la tes 

1 and diatoms (Lee °jet al. , 1971; Opute, 1974a; Holdsworth and Colbeck, 

19f6; Holz, 1981; Par r i sh , Chapter 3).*The exapt proport ipn of 

t r i g l y c e r i d e ' i n the c e l l i s p robab ly r e g u l a t e d by n u t r i e n t 
° t-j. * • < 

- a v a i l a b i l i t y ; i t i s l i k e l y to be the maj or" c e l l u l a r l i p i d clas's in 

stressed cel ls (Chapter 3). 

Unfortunately, t r iglycerides cannot be used as a direct indicator 
* . • * 1 

of phytoplankton productivity.- Triglycerides have also been found to 

be the major c o n s t i t u e n t in Calanus eggs, in euphausi ids , and in 
L 

small copepods (Larsson et al.s 1974; Gatten jet al . , 1980; Henderson 

et al. , „1981; Katther et al. , 1981; Sargent and Falk-Petersen, 19B1), 
« 

In b a c t e r i a , however, neu t ra l g lycer ides of any form usua l ly 

represent only a minoif percentage of the t o t a l l i p i d s . Most of the 

• glycerol-fat ty acid combinations are in the form of phospholipids*.and 

* glycolipids (O'Leary,, 1967; Fulco, 1983). 

I T r ig lyce r ides have been found to be the maj^or l i p i d component'in . 

tathe sea surface microlayer , in sea foam, and m phytoplankton and 
* <i, 

* Q 

par t icula te matter at certain sampling periods (Larsson jet al. , 1974; „ . 
» » ' " " " • , ' " 

°Velimirov,» 1982; Morris et a l . , 1983; Pa r r i sh , Chapters 3,4)". Algae 
ft * 

are l i k e l y to be, an important source of t r i g l y c e r i d e s to the sea 

J9 ' . 



31 

surface microlayer and to sea foam. ,„ . >^ 

Monoglycerides and diglycerides are usually minor const i tuents in 

ce l l s but\ they are important intermediates in anabolic and catabolic" 

f a t t y ac id e s t e r pathways fGunstone, 1967; Gurr and James, 1980; 
•a 

Kindl, 1984). Lip,ases act on e s t e r bonds and are ub iqu i tous in 

na tu re . Of the t h r e e f a t t y acid e s t e r s being considered in t h i s 

section, l ipases act most rapidly on t r ig lycer ides and leas t rapidly 

on monoglycerides (Gurr and James, 1980). Thus high monoglyceride 

l e v e l s i n marine samples would be i n d i c a t i v e of in s i t u f a t t y ac id 
* ^ , 

e s t e r degradat ion , so long as t the samples were handled c a r e f u l l y 

(Sect. 1.4.3). -

Monoglycerides and diglycerides have been detected in dissolved and 

p a r t i c u l a t e seawater samples (Kattner e t a l . , 1983a; Morris jej: a l . , 

1983; P a r r i s h , Chapter 4). While d i g l y c e r i d e s a r e i n v a r i a b l y minor 

components, i t has been suggested that monoglycerides can account .for 

las much as 40% of the l ip ids in phytoplankton grown in an ecosystem ' 

hag (Morris e t al*., 1983; Morr i s , 1984). The i d e n t i f i c a t i o n of t h i s 

comfusnent is" given on the b a s i s of TLC and GC of f a t t y ac id methyl 

es ters . Nonetheless thi,s value must be taken as a maximum. No de ta i l s 

a re given of the TLC procedures , and no in fo rmat ion i s given as t o « 

where ch lprophyl l a and g l y c o l i p i d s occur in the l i p i d c l a s s 

Separa t ion Scheme. Using the s e p a r a t i o n procedure descr ibed in 

Chapter 2, ch lo rophy l l a was found to account for 50% of the c l a s s 

wifh which monoglycerides c o - e l u t e in e x t r a c t s of Phaeodactylum 

t r icornutum, (Chapter 3). G lyco l ip ids a re a l s o l i k e l y t o be an 



32 

important component of th i s acetone-mobile polar l ip id band (Chapter 

2) . * 

High concen t ra t ions of the acetone-mobile polar l ip id class have 

been ffeund m the dissolved fraction of seawater (Chapters A.5; Table 

A.2). I t would be' important t o find oout i f the d issolved and 

p a r t i c u l a t e c o n t r i b u t o r s to t h i s c l a s s were r e l a t e d , and i f 

monoglycerides, glycolipids and pigments are indeed major components. 

1.4.8 Chloroplast l i p i d s ' • * 

Chloroplas t l i p i d s include pigments, glycolipids, sulpholipids and 

phosphol ipids . The l a t t e r are important c o n s t i t u e n t s of a l l c e l l 
. •* 

membranes but the o the r pigmented and non-pigmented l i p i d s ar^. 
,„' * ^ V 

pecu l i a r to c e l l s capable of photosynthes is . These l i p i d s a re 

a c t i v e l y involved in the mechanisms of photosynthes is (Benson and 

Shibuya, 1962; Nichols and James, 1968; Holz, 1981).oChlorophyll a i s 

the p r i n c i p a l pigment in a l l photosynthef ic p lan t c e l l s and 

monog 'a lae tosyl d i g l y c e r i d e , d i g a l a c t o s y l d i g l y c e r i d e , and 
/ s-t J * 

" J • 

sulphoquinovosyl d ig lyce r ide , a re the p r i n c i p a l g l y c o l i p i d s and 

sulpholipids in plant ce l l s (Chapman, 1969; Kirk and Tilney-Bassett, 

197 8; Gurr and Jame's, 1980). Sulphoquifiovosyl diglyceride i s both a 

sulpholipid and a glycolipid: i t contains a direct (>$ bond atf well 

as a sugar moiety.* * ^ 

The l i p i d s of Ochr&monas danica were found to contain around 40% 

g l y c o l i p i d , 20% phosphol ipid and 10% s u l p h o l i p i d (B i l lm i r e , and 

Aaronson, 197^6). Significant amounts of these classes- par t icular ly , 

> 
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su lpho l ip id , were a l so found to be r e l eased e x t r a c e l l u l a r l y by 0^ 

danica (Billmire and Aaronson, 1976). 

Phospholipids are mixed es te rs of fatty acids and phosphoric acid 

with an alcohol, usually glycerol. They are continuously be*i'ng broken 

down and resynthes ized "in l i v i n g c e l l s (Gurr and James', 1980). 

1?hosphatidic acid- i s the simplest of the phospholipids and i t i s the 

precursor of not only more complex phosphol ip ids but a l so of 

t r i g l y c e r i d e s . Phosphol ip ids , t r i g l y c e r i d e s and d i g l y c e r i d e s a re 

c lose ly , l inked b iochemica l ly (Gurr and James, 19 80; Goodwin and1 

Mercer, 1983). This has been used as the basis for an explanation of 

the manner in which s t r e s s i s expressed in; n u t r i e n t - l i m i t e d 

phytoplankton ce l l s (Chapter 3). • 

Despite the name, many phospholipids contain equimolar proportions 

of nitrogen and- phosphorus. An example of- such a compound i s l ec i th in 

(Fig. 1.1c) which comprises between 30 and 40%«of the phosphol ip ids 

» n 

°f Chlore l l a pyrenoidosa and Scenedesmus obl iquus (Benson and 

Sh ibuya , 1962) . I t i s a l s o t h e major p h o s p h o l i p i d in t h e 
d i n o f l a g e l l a t e s (Holz, 1981). The amount of c e l l u l a r n i t rogen 

rf " , , , _ " , 

incorpora ted in phosphol ip ids and ch lo rophy l l s i s not t r i v i a l . The, 

proportion has been/found -to be between 5'and 15% in Scenedesmus sp.-

and T h a l a s s i d s i r a f l u v a a t i l i s , and i t has been found t o depend on 
' \ ' " ' . ' - ' ' 

c u l t u r e condit ions. . (Conove'r, 1975a; Rhee, 197 8). A s i g n i f i c a n t 

proportion (10%) of to ta l organic nitrogen has also been found to be 

assoc^-tftd w i th p a r t i c u l a t e l i p i d s in seawater samples (Conover, 

1975b). Given t h e s e n s i t i v i t y of ch lo rophy l l s t o oxygen, l i g h t , and 
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.to enzyme.3 act ivated by .cel l disintegrat ion (Jen and Mackinney, 1970; 

Owe.ns and Falkowski, 1982), l i p i d n i t r ogen might be expected to be 

mainly associated with phospholipids -in the d e t r i t a l and d isso lved 

fractions of seawater. I t should be noted,^ however, that significant 

l e v e l s of ch lorophyl l a have been measured in samples taken from 

sediment surfaces as deep as 4500 m (Bi l le t t jet al , , . 1983).' 

There is^very l i t t l e direct information concerning the presence1 of 

phospholipids, glycolipids or sulpholipids in seawater. However*, i t 

would appear that the t o t a l concent'rat ions of these compounds are in 

the ug/1 range (Chapters 4,5). 

1.5 Ketones ^ - * 

Aliphatic ketones are minor components of the lipids of marine 

organisMJl This is presumably the result of a rapid recycling of w 
these^moTecules (Forney and Markovetz, 1971). They are in teres t ing in 

the context of t h i s review because they have been proposed as 

internal standards for. marine l i p id work (Paradis and Ackman, 1977; 

Parrish and Ackman, 1983a). " ' 

Small amounts of ketones have been found in various marine systems. 

For instance, Hayashi and Yamada (1972) found minor amount's of methyl 

ketones in a gastropod which feeds mainly ^ott brown algae. ^Whether the 

a lgae a re the source- of these ketones i s not d iscussed. C37-C39 

unsaturated ketones have been identif ied in a marine coccolithophorid 

JVolkman et aJL, 1981), Exudation of a hydroxy diketone has been 

demonstrated for a phospha te - l imi ted d inof iage l la te (Trick et al.-. 
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1981), and the ketone func t iona l group has*also been found in o ther 

more complex molecules produced by marine biota (Fenical, 1982). i 

, There i s evidence for the presence of saturated,! Unsaturated, alkyl 

s u b s t i t u t e d , a l i c y c l i c , and aromatic 'ketones in marine par t icu la te 

mat te r (Wakeham e t a l . , 1980, 1984; Kennicut t and J e f f r ey . 198l'b; 

Ehrhardt et a l . , 1982). In a l l cases the l e v e l s of ketones "were 

e i ther in the ng/1 range or below 5% of the t o t a l l ip id mass. 

Despite t h i s evidence for small amounts" of varioiis ketones in the 

marine environment, the use of mono-functional, saturated^ unbranched 
v 

ketones as internal standards (Paradis and Ackman, 1977; Parris*h and-

Ackman, ' 19 83a; Delmas jet a l . , 1984) seems t o "be »'a reasonable 

p ropos i t ion . Most of the ke tones i d e n t i f i e d in seawater would^not , 
' , K» 

• * " \ . *<-

i n t e r f e r e chromatographical ly wi th t h i s type of i n t e r n a l s tandard 

(Parrish and Ackman, 1983a). The effect of those that „do in ter fere i s 
, i . A - - ~-

reduced by using substantially more internal standard than the 
>"* " %. 

maximum amount measured in seawater (Delmas et a l . , 1984). «̂ „ 

1;6 Phthalic acid esters 

Large q u a n t i t i e s of p h t h a l i c ac id esjters a r e used in the p l a s t i c s 

industry (Majthur, 1974)/ These phthalates have been detected in the 

marine' environment in extracts of water, sediments, aijr "ethd biota. In' 

samples*of seawater and sediment, phthalates have been detected Ht 

higher levels .- than DDT or PCBs (Giam et a l . . 197 8;' Murray jet a l . , 

1981h). Away from d i r e c t * s o u r c e s of p o l l u t i o n , s e a w a t e r 

concen t r a t ions of ind iv idua l p h t h a l a t e s have been repor ted in the 

•v .H 

• *&• 

X 4?. ,,'' - ^ ^3* f* 
' H * It- « 
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^ 1 % 

r a s g e 0.1 a g / 1 . t o 200 n g / 1 (Giam e t al^," < 197 8; E h r h a r d t and 

i. ~ Deij-e||>ach.. 19*80; Waldock, 1983). Concent r a t i o n s m the jug/1 range 

y. 7ibave^been de^ected^nearer sources of p o l l u t i o n (Jungclaus et_ a l . . 

*»' 

,t ^ f97 8; MtiYra/ V f c * ^ . 1981b; T a y l o r e t a l . , 19'81). The major 
«v ^ r " , • •"-•*" 

fe. ** phthalates detected in these studPies were di-2r;ethylhexyl phthalate 

and *dibut*yl phthalate. # ' 

^Reliable estimates^ of phthalate concentrations in the environment 
1 ' ^ "Sf~ \ ** 

require exceptionally careiufj analyt ical work. Considerable care has 

t o be taken not ' t o add/phthala$sgs to ^amples f rpm reagents and 

•equipment us-ed in the l a b o r a t o r y ( Ish ida et a l . , 1980), nor to lose 
*̂  * $^ * / _ ^ 

phthalates from* samples during storage "dr/during sample concentration 
' * 

(Bowers et al., 1981; Karasek £tsa^.,v 1981; Sullivan e_t°al., 1981). 

\ - **•" * . 

B 1.7 Free aliphatic alcohols „ ^ w 

There are few data documenting the presence of free fat ty alcohols-or 

• a c y c l i c i sopreno id a lcohols ' in d i s so lved or suspended p a r t i c u l a t e 

m a t t e r . This is s u r p r i s i n g "because even i f t hese a l coho l s a re not 

/. * , produced in s ignif icant amounts as ftfee a l ipha t ic alcohols by marine 

-' " b i o t a , they ,should'b<e r e a d i l y a v a i l a b l e from t h e hydro lys i s o-f wax 
i A . • > 

e s t e r s and c h l o r o p h y l l s a and b . Low l e v e l s of these Compounds may ' 

i i .1" 

. , _, reflect the ability of bacteria to convert thenr to the corresponding 

t •., t ' acids (Gilbertson et. al., 1981; Gillan 'et al., 1983). ' ' 
>. It t> , 

. ' " " Sever ahdt Parker, (1969) r epor t ed the f i r s t ana lyses o/ recent 
< marine sediments from several environmentB where s ignif icant amountc 

, ' ' ' * 
', - of normal and isoprettoid alcohols, were observed. These alcohola w-ere 

* . * ,K ' . ' ' * 
. c 
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present at l e v e l s up t o the skiae o n t e ^ i f magnitude as f a t t y "ac id s . 
• * 

T*rere have r ecen t ly be^en r e p o r t s of s i g n i f i c a n t amounts of f ree 
^ ( , l< ' ' ' t :* :' 

al iphat ic alcohols, principally Ci6:0* i ° both marine and freshwater 

p a r t i c u l a t e matter , caught by sediment t r a p s (Wakeham et a l . , 1980, 
> i l : ," 

1984; Meyers et a l . , 19.84)". • -** - , 

Kennicutt and Jeffrey (1981a»h) found evidence for the presence of* 

free a lcohols in dissolved^and'jsu^pended p a r t i c u l a t e ma t t e r . The 
* . * ~ i ' * " i. -*«- i -? "~ • 

total concentration of these* compounds in freshwater and in se'awater 

, t would appear to he in *be ug/1 range (Meyers e t a.l.', 1984; Pa-rrish 

Chapters ^4,5), Free' a l i cyc l i c alcohols^ were also present a t si-mila'r 

l e v e l s (Meyers^jet a l . , 1984; "Parrish*" Chapters 4,50.-The major 

Sterols . „» , c,. 
i . . . * J-

There Ste four c l a s s e s of jplant l i p i d s based on s t e r o l s : ' f ree 

% s t e r o l s ^ et,e,rol e s t e r s , s t e r y l g lycos ides , and acy la ted s t e r y l » 

glycosides. All of these appear to be components-of membranes (Elbein t 

a n d F o r s e e , 1976). S t e r o l s a r e thought t o a f f ec t mi tochondr ia l 

function,' ce l l p l a s t i c i t y , and membrane permeability (fleftmann, 1971, 

•» , r 
Elbein and Forsee, 1976; Boutry jet a l . , 1979). 

— —— A 
y * 

h^e ejt al. (1971) ~found that free s t e ro l s accounted "for between 10" 

and 17% of the l i p i d s in t h r e e diatom spec ies . The chemical ly 

^/ 'uncombined^ form seems t o be t h e main- fotm in ^diatoms and-

> coccolithophorids (Volkman et a l . . - 1980a, 1981). / ' >' 

Formerly ^ was thought that a l l bacter ia were unable to synthesize 

sterols* but i t i s now known* that there are a few exceptions to t h i s 
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ru le (Heftman, 1971; Bouvier e t a l . , 1976; Gurr and James, 1980). In 

. add i t ion , many procaryotes a re now known to ' syn thes i ze s t r u c t u r a l 

analogues of s te ro l s (Rohmer et a l . , 1979). These compounds are based 
^ *" * 

on the a l i cyc l i c hydrocarbon, hopane, and the "lipophilic, ring system 

bears one to five hydroxyl groups. The most common type of hopanoid 

in proCaryotes contains a polyol hyjdrophilic* side-chain (Our is son et 

. a l . , 1979). , . . . 

S i m i l a r l y , c h o l e s t e r o l used to he considered to be exc lus ive ly 

.confined to the animal kingdom, but it" i s now knpwn to be" a key 

oiosynthetic intermediate in p lants /as well (Heftmann, 1971). I t i s , 

however, present in only t race amounts in most algae (Goodwin, 1974.). 

By c o n t r a s t , c h o l e s t e r o l can be one of the most' abundant l i p i d 
4 

compounds in the water column in samples taken near the point a t 

which-municipal discharges are released. Cholesterol levels as high 

as 10 ug/.l 'have been measured in the Delaware River (Sheldon and 

Hitea , 197 8). 

In the Sargasso Sea, Gagosian (1976)'found a. maximum concentration 

pf j u s t under 0.4 pg/1 of t o t a l free s te ro l s (unfiltered water) with 

c h o l e s t e r o l being the most abundant s t e r o l a t a l l depths. Above 
/ ' . yt ' ' j 

1000 m, p l an t s t e r o l s , inc lud ing b r a s s i c a s t e r o l , <• s i t o s t e r o l and 
> 

f u c o s t e r o l , jwere p resen t a t concen t ra t ions c lose to tha t of 

vcholesterol. Saliot and Barbier (1973) measured dissolved s t e ro l s in 

the eastern,, A t l a n t i c . They saponif ied t h e i r samples and so were 

m e a s u r i n g 'combined and uncomhined d i s s o l v e d s t e r o l s . The 

* concentrations they measured were much higher: 2 -» 14 (ug/1, but the 

*> 
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most important compounds p resen t were the same as those desc r ibed by 

Gagos ian (1976). * V V 

Sterol product ion and, growth r a t e has been found t o be. s t r o n g l y $, 

c o r r e l a t e d in a t u r b i d o s t a t c u l t u r e d diatom (Chapter 3). This 

suggests the p o s s i b i l i t y of"us ing high c o n c e n t r a t i o n s of p l a n t 

s t e r o l s as an i n d i c a t o r of an a c t i v e l y d iv id ing phytoplankton 

population. ' ,-

1.8 Conclusion 

The purpose of th i s review has been to examine the potent ia l value of 

marine l i p i d c l a s s measurements, and to e s t a b l i s h s u i t a b l e model 

compounds for use in exper imenta l work. Figure 1.1 i s a summary of 

the .major classes and compdunds that' can be expected to be found in a 

seawater l ip id extract . * 

The most non-polar c l a s s e s , the hydrocarbons, can be -used as 

indicators of pollution as well as of biogenic ac t iv i ty . Par t icu la te 

a l ipha t ic hydrocarbons are l ike ly to be the most closely related to 

b iogen ic a c t i v i t y . Po lycyc l i c a romat ic hydrocarbons t o g e t h e r w i t h 

p h t h a l i c acid e s t e r s can be expected to reach ug/1 c o n c e n t r a t i o n s 

near po in t sources of p o l l u t i o n . Wax e s t e r s , s t e r o l e s t e r s and 

g l y c e r y l e t h e r s a r e most l i k e l y t o i n d i c a t e a z o o p l a n k t o n 

c o n t r i b u t i o n . E s t e r s of s h o r t e r chain l e n g t h s , f ree a l i p h a t i c 

a l c o h o l s , and high l e v e l s of f ree f a t t y a c i d s , d i g l y c e r i d e s and 

monoglycerides a re most l ike ly to be indicat ive of l i p i d degradation. 

Away from municipal waste ou t f aL l s , a l a r g e i n c r e a s e i n l e v e l s of 



40 

, particulate glycolipids and phospholipids would indicate" an increase 

in living cells, whereas a similar increase in> particulate sterols 

would pe indicative of an increase in eucaryotes specifically. 

r 



Chapter 2 

SEPARATION OF AQUATIC LIPID CLASSES BY CHROMAROD^ 

• THIN-LAYER CHROMATOGRAPHY WITH DETECTION AND MEASUREMENT BY THE 
i 

- LATROSCAN FLAME IONIZATION DETECTOR 

2.1 Introduction 
f O N 

The Chromarod-Iatrosckn system is., based on two w e l l - e s t a b l i s h e d * * 

a n a l y t i c a l ' t o o l s : t h i n l ayer chromatography (TLC) and the flame 
*. / <* 

i o n i z a t i o n d e t e c t o r (FID) o use'd in ,gas chromatogr,aphy (GC). The 

Chromarods are reusable s i l i c a gel coated quartz rods (Ackman, 1985) 

on which t h e " t h i n - l a y e c s e p a r a t i o n s a r e performed. The Iatrosca 'n 
< i V s> - ' 

houses the FID- and the "machinery used to pass"*'the* Chromarods 

sequentially through i t s flame and under i t s col lector electrode. ' 

This new a n a l y t i c a l system, known in shor t as TLC/FI-D, has 

received considerable a t ten t ion in the biomedical l i t e r a t u r e (Ackman, 
1981a), pr incipal ly ii* the area of l i p i d c lass measurement. I t i s now 

a l s o ga in ing popular i ty" in environmental r e sea rch , e s p e c i a l l y in 

marine l i p i d c l a s s work (Kellogg and Pa t ton , 1983; Morr is e t a l . , 

' 1983 ; P a r r i s h and Ackman, 19 83 a b e t t e r e t a l . , 1983; Del mas jet a l , , 

Eraser jet af., 1985;*Volkman e t al.., 1986). 

41 
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TLC/FID is not limited to the measurement of lipid classes. It has 1 V also been used, for example, to estimate the relative proportions ofs, 

total lipids and proteins in chloroplasts (Hirayama and Mprita," 19SO) 

" as well as to quantify monosaccharide derivatives (K*ondo, ̂ 15«82), 

* Nonetheless, interest in quantitative techniques for lipid Classes* 

and the complexity of the alternatives,^has meant that TLC/FID has*' 

( been used most intensively for lipid class measurements^ 

In the past five years i t has become cdear'that TLC/FID cannot be 

considered as simply a combination qf the traditional piete-TLC and 

, ' GC/FID techniques. "It is indeed dn analytical system in i t s own 

right, ^and there has"been extensive research specifically into 
* 

Chromarod-̂ TLC separations (Kramer et al. , 1980, ,1985; Sebedio and 
Js »-. 

„ Apkman, 19-Slj Parrish and Ackman,' A983a; Tatara et al., 1983;> 
t ' - \_L/ T —* 

4 

Banerjee et al. , 1985a; Murray, 1985) and into Iatroscan-FID 

responses (Farnworth et al. , 1982; Crane et al., 1983; Parrish and • 

Ackman. 1983b, 1985; Kaimal and Shantha, 1984; Peuchant et al., 1984; 
* "' ' 

Banerjee et al. , l«985b; Harvey et al. , 19 85; Rao et al., 19 85; 
\ 

Sebedio et a l . , 1985). ' -N 

. The* presents 'study is the culmination of a secies b"f experiments 

designed to establish separation and calibration procedures for the 

determination of marine'lipid classes m dissolved and suspended 

particulate matter (Parrish and Ackman, 1983a,b; Delmas et al., 1984; 

, Parrish and Ackman, s 1985). The methods described herein have now been j used successfully^ in the analysis of over five hundred different-
l 

samples, and the types of samoles have been extended to include 

*v 
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freshwater samples, particulate matter from sediment traps, and.'V ' -
J, 1 .« w ' 

*j benthic and pe lag ic i n v e r t e b r a t e samples. ,The indent ion of t h i s 
' * "\ ' 

Chapter i s not Only to provide a detailed examination o£ 'analytical , 
'•*• i j : - • , - "„ 

' < i ' *, •• *J 

procedures , but a l so to supply a ' recipe* sp tjhaf'a r eader With a-

minimal'background in a n a l y t i c a l chemistry could makecljipid fcl,a"ss,?' , < 
' « • - * ' ' , - I - . ' > * 

determinations using the Chromarod-Iatroscan system Within a' period* , ' 

of days. The procedures 'described here were designed spec i f ica l ly ' for 

complexj'aquatic environmental samples, but they ^should be r e a d i l y 

applicable to samples from other sources, and; eventually<they should , v̂  ' 

be eas-ily ta i lored to„ other specific needs, -j* i^' * „ t 
> f ' ' 

T r a d i t i o n a l l y , l i p i d s lh the n a t u r a l \env,ironment have oeen\ 

investigated by measuring the to ta l l ip id content or the fat ty acid" , 

imoieties of several hydrolysed l ip id classes., Gjravimetry and GC have 
/ " i ' 

{ been the mainstays of t h i s q u a n t i t a t i v e work wi th ' . l ip id e x t r a c t s . 

These techniques, however, are not without the i r shortfal ls ." 

Gravimetric measurements can be easi ly biased, upward (Hopkins I t 

a l . , 1984), whi le t o t a l l i p i d s obtained by G*C are i n v a r i a b l y » 

. considerably sma l l e r than t h e a c t u a l l i p i d mass (Wakeham et a l . , , " 
"" * T r * 

1980; Kennicutt and Je f f rey , 1981a,b). The main reason for t h e ' b i a s 

in GC i s undoubtedly the f ac t tha,t t h e s e measurements'" inc lude only 
» u 

those compounds tha t a re both v o l a t i l e and s table , a t t empera tu res , 

used in GC ovens. * , - , ' 
GC and g rav ime t r i c measurements a r e not l i m i t e d so l e ly in an 

* r' i 

analyt ical sense, there a r e ' a l so l imi ta t ions to the i r su i t ab i l i t y for » 
environmental and eco log ica l in terpre ta t ion . With measurements of , 
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t o t a l - ' lipid rOf f a t t y acid moie t i e s i t i s "sometimes d i f f i c u l t to 

• elucidate the nature and source of l ip id 'mater ia l . By measuring l ip id 

classes i t shojild be possible to distinguish energy storage glasses, 

membrane c l a s s e s , p o l l u t a n t s , and i n d i c a t o r s of l i p i d degradat ion 
i * 
j 

(Chapter 1). • . * ' f 

The ChrOmarodr*Iatroscan system i s provided -with a unique fac i l i ty 

which makes i t p a r t i c u l a r l y sui table* for the measurement of l^p id 

- classes.. This feature i s the ab i l i t y to stop the scan'part-way along 

a rod? and then to be able to reuse the pa r t , that has j u s t been 
ft 

, scanned. By set t ing the scan-stop screw in the latroscan each rod in 

,a frame can'be stopped at a predetermined point. When the Chromaroda 

reach t h i s po in t , the rod c u r r e n t l y being scanned i s au tomat i ca l ly 

Lkoved^out of the flame and tthe scan of the next rod i s s t a r t e d . 
* Passing jthe rods through the flame not only removes organic matter, 

• ** * T 

'* t * '* 
* V ft 

"but i t a l s o c leans and re-act ivates the s i l i c a l ayer so tha t i t i s 

ready for immediate reuse. Material lef t sunburnt on the rod can thus 

' be, developed in.to the pa r t of the rod tha t has been scanned. By 

combining the p a r t i a l scanning f a c i l i t y , wi th the use* of severa l 

different solvent systems i t i s possible to optimise the separations 

between the major l ip id classes in a complex sample. • < 

^ i t i s not the intention of trtis Chapter to t e s t the hypothesis t ha t 

TLC/Flt) can in a|ny way r e p l a c e g r a v i m e t r y or a l ' t e r n a t i v e 

chromatographic techniques. Rather, i t i s hoped t ha t t h i s Chapter 

^ w i l l show that TLC/FID. can have a role of i t s own to play: one which 

i s ent i re ly complementary to more conventional analytical techniques. 
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2.2 Methods - - " " 

The a n a l y t i c a l methodology l ead ing to the measurement of aqua t i c 

l i p i d , c l a s s e s cdmprises ' severa l s t eps . These inc lude sampling, 

ex t rac t ion , -^s to rage , concent ra t ion ,^and analysis . Throughout these 

steps i t i s important to exclude contact with otheivi ipid-containing 

materials , as, well as to minimise exposure to ligntT oxygen and heat:x 

aquatic l ip ids are characterised by a high degree of polyunsaturation„ 

* andj^can thus be qui te l ab i l e . 

, -To minimise c o n t a m i n a t i o n , ^ a m p l e s came i n t o con tac t only with-

precleaned glWs*, Teflon, or metal wherever solvents were involved in 
ir 

the sample handling. Where possible, glassware was baked overnight in 

'A a 400 C oyen, and g l a s s or Teflon sur faces due to be exposed t o 

samples were cleaned V i t h chromic-su lphur ic acid. The ohromic-

su lphur ic acicPmixture was made wi th Chromefge (Fisher S c i e n t i f i c 
I) v 

Co., F a i r Lawn, NJ). Al l g lassware Was r insed wi th ace tone and then 

dichloromethane (CH2CI2) immediately before* use. High-purity solvents" 

were used throughout: BDH 'Omnisolv' grade was found to be sui table 

for a l l purposes. Sample extracts were stored in d i lu te solution (ca 

5 ml), under nitrogen, in a freezer. Nitrogen was purified by passing 

i t through activated charcoal and molecular sieves. 

f 
2,2,1 Sample workup' ^ . 

Sampling for dissolved and par t i cu la te matter was, usually performed 

wi th convent ional 5 1 Niskin b o t t l e s . As soon as the samples were 

brought on deck they were transferred to precleaned and sample-rinsed 
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amber-g lass so lvent b o t t l e s . In the process 'o f t r a n s f e r r i n g , ' t h e ,. 

seawater was screened through a 200 pm nylon mesh to remove larger 

zooplankton and particles,- The bot t les were closed with Teflon-lmed* 

caps which were also precleaned1 and sample-rinsed; * and the bot t les 
"* l 

were removed from direct sunlight as soon as possible. , 

„ In the l a b o r a t o r y the seawater was swir led in the g l a s s b o t t l e s 

before f i l t e r i n g through preco'mbusted (400 C) g lass f i b r e f i l t e r s . 

The f i l t e r s used were usually Gelman A/E 47 mm f i l t e r s which have a 

nominal pore s i z e of 1 um. The f i l t e r was held in a precleaned and 

sample- r insed a l l - g l a s s f i L t e n n g appara tus . Light suc t ion was 

applied v ia - tap water aspiration. The more commonly "used Millipore 

pumping systems were used i n i t i a l l y , but were avoided subsequently, 

because of high hydrocarbon contamination. Water samples t h a t could 

>not be- f i l t e red immediately Were kept in the 'dark in a coldroom (ca , "* 

2°C). ' • . " 
-s 

Between 500 ml and 3 1 of seawater was"f i l t e r e d ' f o r ' p a r t i c u l a t e * 
l i p i d measurements, and between 200 ml and 1 1 was f i l t e r e d ^ f o r 

i t ' f • ' 

'dissolved' l ip id measurements (Fig. 2.1). The exact amount f i l te red * 

depended on location and season. Wherever possible, f i l t r a t i ons and 

extract ions were done-, in quadruplicate, and a total system blank was -

run for each set of four dissolved l ip id extract ions, as well as for, 
each set of„four par t i cu la te l ip id extractions. 

'A 
The filtrate'containing the dissolved lipids was Usually extracted 

a 

with 20 ml of CH2&2' at seawater pH {ca 8) a,nd then' twice with ?10 ml 

• Of CH2CI2 af ter adjusting with sulphuric acid to'approximately pH 2. 
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Part iculate "lipids were extracted from the f i l t e r by sonicating or 

grinding in CH2ci2-methahol (2:l)< The methanol (M#OH) and the non-

l ip id material was back-extracted i n t o ''Super-Q* water (Mi l l ipore) 

' * > 'o 

*which had beeri r e d i s t i l l e d and.oassed through an oven a t BOO C to 

far ther purify i t . The two phases were-separated by .centrifugation. 

All subsequent extractions and transfers were done with 100% "QLjC^ 

to^minitfisje t h e amount of .MeOH in the f i n a l concen t ra t e . The 

4 pa r t i cu l a t e material was extracted three times; the to t a l volume of 

'CH5CI2 ^sed in the extraction's was normally" 20 ml. 

i Prior W extracting e i ther the dissolved or pa r t i cu la te fractions, 

*a s o l u t i o n con ta in ing 5 t o 20-ug of an i n t e r n a l s t andard -in- * 

- hexadecan-3-one) was added ^o each sample.. The internal .standard was 

then e x t r a c t e d w(ith t he l i p i d s in the^ sample and the amount of -

i n t e r n a l s tandard measured i n the f i n a l concen t r a t e provided an 

estimate of lipid- recovery. * . " '"/ 
~\ * /' '' 

The G H 2 c l2 - ex t r ac t s were ro to -evapora ted down to /1 td 2 ml and 
' / ' '/ 

transferred to 5 ml centirifuge Ijubqs. The CH2CI2 vas t h e n evaporated 
under p u r i f i e d n i t rogen down' to about 20"'Jul, *and t h i s t o t a l . 

v ' -- '" 
concentrate was usually spotted onto' a single Chromarod. 

A V 

«K 
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Marine l i p i d c l a s s chromatograms from ex t rac t s"of o p e r a t i o n a l l y 

definetl (Whitehbuse e t a l . , 1984; P a r r i s h , Chapter 1) d i s so lved and 
s H * 

p a r t i c u l a t e m a t t e r . JSach frod i s scanned twice p a r t i a l l y and once 
•• 

completely, result ing in t h r ee d i f f e r e n t chromatograms per sample v 

application. The developing and conditioning sequences are given in 

Table 2.2 (p62). The developing d i r e c t i o n i s from r i g h t to l e f t in 

the Figure , t he scanning d i r e c t i o n i s from l e f # to r i gh t . Lipid 
' r^ 

Glasses increase xn polarity from left to right m the Figure. Lipi,d 
* ' "' 

class abbreviations are explained in Table* 2.3 (p63); NLM = non-lipid 

m a t e r i a l , KET ~ spike added to each sample before e x t r a c t i o n , 

Chromatograms were recorded a t an a t t e n u a t i o n of 16 mV f u l l - s c a l e 

deflection (FSD) unless otherwise' indicated. w 
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* iFxtfaets of benthic invertebrate samples and sediment t rap samples 

A \ >'^ "from the Great, Lakes (Figs. 2.2, 2.3) were ' k ind ly suppl ied by Dt-* 

Tt * " W.S. ,Gar drier (NO^A, Ann A'rbor, Ml)* These samples had peen extracted^ 

„ „ into" chl^roform-MeOH (2il) qsing- a Jtticcometbod specif ical ly designed 

_ ' ' - for., these types* of vsamples (Gardner jet al . , 1985). The®final extract 

was, t r a n s p o r t e d and s tored in sea led c a p i l l a r y p i p e t t e s . The-same 
* - * i * - ^ - * . * -i $ l 

capillary* p ipe t tes were^also lised; £o\ d irect ly applying' the samples 

t o th-£ Chromaro'dsi After breaking both ends of the p i p e t t e , the 
> » ^ , i ' - * *• * r" s , ' „ - % 1 

* * * ehlprpform solu^ion^was^spotted onto the rod and then a few ul of 
•* \ / : , . \ - - ; , > > ** ^ ' « 

' CHgCl2 was^drawa u,printo the p ipe t te . The CH2Cl2 wa$ also spotted pn 
1 ^ the rod to ensure a q u a n t i t a t i v e t r a n s f e r of the sample. About- hal f 

* , , * ' <•' > <>" c * ' « * f ' ' 

of teacV s a m p l e " was ' ^ re ta ined i n Ann Arbor fo r g r a v i m e t r i c 

i " ' "determinat ions (Gardner et_ a l . , 1985). Figure 2.3 i s a comparispn 

between these gravimetric measurements and total l ip ids determined 

with-the latVos-eah. ' \ * 
J I •" t ? * 1 . 

- i' The V a r i n e , i n v e r t e b r a t e sample (Figs. 2.2b, ^2.4) was obtained by 
' ' + -

-. , sonicating â  244.um mesh net-tow sample in CH2CI2? T h e 

\ . * ^ •> »»' ? » 

"̂  ' -sVawateT/CH^Ql^/^oofrankton mixture was then f i l t e r e d fchrpygh 

a "solvent-rinsed Whatman f i l t e r paper. The f i l t r a t e was transferred 

to a segara^tory funnel w i t h a g l a s s s topper and*a Teflon stopcock. 

* P u r i f i e d water was. added and the sample was t r e a t e d as for marine 

dissolved l i p i d s except that,„ no internal standard was used and the pH 

was not adjusted,^ \ ' 
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figure 2.2 

s. 
LJ.pid c lass ' chromatograms .from sediment t rap and invertebrate 

• .*• *'' ' 
samples. The developments and scares are. the\same as in Fig.-2.1. 

-w* -' • / ' 

Lipid class abbreviations are explained^in Table^2.3; "''NLM - non-lipid 

material; no'internal standard wais'added to'any of these samples* 

Chromatograms were recorded at 8 mV FSD Unless otherwise indicated 
" j ^ Si 

Under the chromatogram. 

(a) Sediment trap sample from Lake Hurori. 

(b) CH2CI2 extract of'zooplankton from a 240 um mesh bongo-net tow 

near the edge of the Scotian Shelf. v \ , 
* * J* ~, ~ 

(c) GHGl3"Me0H extract of Pototoporeia ,hoyi,£rom Lake ^Michigan. 

* *?> 
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A comparison of gravimetfically determined l i p id weights with the sum 

of Iatroscan-measured classes. Fi l led c i rc les represent Great Lakes 

.benthic invertebrate samples. Crosses represent Great Lakes sediment 

t r a p samples^ The slope of the l i n e a r r egress ion l i n e i s 0.8; the 

broken l ines are 95% confidence intervals for the regression l ine . 

r 
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Figure 2.4 

One-step development and scan of marine zooplankton (Fig.0 2.2b) l i p id 

classes; peak ident i f ica t ions are given in Table 2.3, S and E denote 

the s t a r t and end of the scan, 0 i s the po in t of a p p l i c a t i o n . 

Recorder a t t e n u a t i o n was changed a t X. The rod was developed from 

r i g h t ; t o l e f t in the Figure for 40 m|n in hexane - d i e t h y l e t h e r -

formic ac id (80:20:0.1). , * 
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2.2.2 Analytical apparatus and operating conditions \ 

o6» . 

«t * i *** 

Chromatfids-SIKwere used for l i p id classv separations and an latroscan 

" 1 • '' • ' '* * 
TH-10 MK I I I analyzer was used ftfjr detection and' quantif ication. The 

.*' t 
Chroiaarods and the latroscan are supplied by Jatron Laboratories of 

'' V ' } 

* Japan v ia NewmarileHowells Associates Ltd., 'Winchester, Hants, England. 
- - f i 

'-t Stainless't s t e e l ' frames t6 hold the rods, and glass ' tanks specif ica l ly 
• ' ' - l '"• i* 

' » ' -- • " ". ' ' \ " 
designed for Chromarod developments are supplied with the latroscan. 

Operating conditions >fot (the JEatrosCan were adjusted to maximize 

FID response: a re la t ive ly high .hydrogen flow rate (173* ml min -1) and* 
, > , ' * *• • t * V l * , * « 

"scan r a t e (4.2 mm s e c - 1 ) were-used. Rods w e r e , a l s o subjec ted t o 1 
' ' • ' l . « , ' ' ' ' ' • . y \ 

double developments to increase' the ,JFID response o f ' t h e more^ mobile 

l ip id classes (Parris*h*and Ackman,. 4.985), •» • *" - „ '' 

For recording of chromatogrHms and for "peak1 area integrat ion, the 

* * ' * • * „ r _„ \ ' * e y 1 

l a t r o s c a n was connected t o a Hewlet t -Packard 3396A computing 
i n t e g r a t o r . The l a t r o s c a n Was a l s o f i t t e d w i th a s*can-interruptor 

' « - - ' ' ' . '/ 
, swi tch ' (F ig . '2.5). In lfes o r i g ina l - fo rma t (Fig. 2.'5a) t h i s^cons i s t ed 

. , * ' • , ' \ . * -"t . 
•J * ' 

simply of a .pushbutton switch* placed in ser ies with the Iatros'can ls , ' 

own microswitch (S,) used to°-stop scans. »By pushing th i s s ingle-pole, 
single-throw.switch (SPST) i t i s possible t o stop any FID scan at any 

1 * . * . ' 
V * , " - • 

t ime. E l e c t r o n i c i n t e g r a t o r s can be atopped a t t h e end-of a p a r t i a l 

scan by. replacing the SPST sVi tch with a - double-pole, .double-throw 

switoh (DPDT). In order <to stop the intsegra^or, the signal sent from 
' - * J- * ' » 8 " 

the DPDT i n t e r r u p t o r swi t ch (Fig,, 2.'ib) needs to be converted to* a 
pulse. This i s done with a smal l - in ter face consisting of a rfesistor-

\ ' f> ''" ' 
c a p a c i t o r c i r c u i t . Fu r the r de ta i l s , , qoncetning t h i s i n t e r f a c e are* 



t 

. * / ' 
* '* - & { 

ava i l ab l e from Technical Marketing Associa tes Ltd., Halifax. I The 

i n t e r f ace i s a l so necessary to convert - the scan-Star* t,sscgVi,al 

4' ' i " generated in the latroscan to a signal that wil l simultaneously s t a r t 

computing integrators'. , ^ 
i ^ « > , > - . ' ( 

'^2.2.3 Standards and c a l i b r a t i o n 

Standards were obtained frcW-a v a r i e t y of supp l ie r s '(Aldrich, 

Analabs, Eastman,v' Fisher S c i e n t i f i c , K &K Labs, Mann Reseach Labs.' 

Polyscience, Sigma, Supelco). T a b l e ^ . l gives the s tandards used 

routinely for lxpxd class ^identificntion Wd calibration. These were 

* '".obtained from Sigma (St. Louis, MO), K & K Labs "(Plainview, NY}-Wd'/ ' 

•Supelco (Bel lefonte , PA). Avstock vsolution of an, eight-component 
/ * ' ' • " / 

composite Standard (Table 2.1) was5 made up in chloroform and stored 
o / \ * 

under nitrogen at -20 C. Several different dilutions-of th i s standard 

"̂  Were made and these were s tored in 3 ml b o r o s i l i c a t e g l a s s micro- J 

* ; * * i • • • . , ' ' ' : ,, 

reac t ion )vess,els (Supelco) f i t t e d with Teflore Mininert va lues 
(Supe lco) . S t a n d a r d s , used on *&• d'^y-^o-day h a s i s » r a n g e d i n " , ' 

^ . " A 

i ' v*' " ' , ° ,» . ' ' 

concentration from 0.2 ug/pl to 15 ug/jil.. They, were regularly renewed 

from d i l u t i o n s of the s tock so lu t ion . Befare matting the composite 

, s tandards , each component' was run s ihgly through the fgfPtire " *, 
development procedure (Table 2.2) to determine purity. Only standards 

> * » * t , v f 

giving a ̂single chromatographic peak at the,. 3 - 5 ug level werexused 

in the composite standards.̂  Table 2.3 gives the compounds |hat can he 

* * * ' *' 
ŝeparated using the procedures described in Table 2.2. • f 

.,'* 

\ 
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Figure 2.5 

Circuitry for scan in ter rupters . . 

(a) ' Modif ica t ion of part" of the l a t r o s c a n ' s main board c i r c u i t r y : 

momentary, normally closed SPST push-button switch placed in ser ies 
V « 
With S i . ^ * 

(b) Simultaneous stop of computing integrator with a centre-off DPDT 

switchr 

« 

' \ 

<%, *-+ «, 
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Table 2.1 

Standard^ used routinely for identification and calibration of 

aquatic lipids classes in the latroscan.* 

Class T r i v i a l name Chemical name Suppl ie r 

A l i p h a t i c 
hydrocarbon 

Wax e s t e r 

Nonadecane, 

S t ea ry l p a l m i t a t e f 

n-Nonadecane 

Octadecyl 
hexadecanoate 

Ethyl ketone 3-Hexadecanone n-Hexadecan-3-one 

Sigma 

Sigma 

,K & K 
Labs 

T r i g l y c e r i d e * Trj$>almitin Glyceryl ' Sigma 
t r i hexadecanoa t e 

Free f a t t y ac id Pa lmi t i c ac id % n-Hexadeeah&ic a c i d , Supelco 

Free aliphatic 
alcohol 

Cetyl alcohol n-Hexadedan-1-ol ' Sigma 1 

Free sterol 

Polar lipid 

Cholesterol 

Lecithin 

5(6)-Cholesten-"3-ol, Sigma 

Dihexadecanoyl * * , Sigma 
phosphatidyl' choline 

yr •-
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Table 2.2 ~^-^ 

Developing and condi t ion ing sequences used rou t ine ly ' l o t the • 
s epa ra t i on of aqua t i c l i p i d * c l a s s e s on Chromarods. Abbreviat ions 
explained in Table 2.3. * *̂ , 

Sequence leading t o the f i r s t chromatogram (classes HC to KET): 

(a) Blank scan rods twice. „ ^ 

(b)> Apply samples and standards with a Hamilton syringe. 

(c) Focus twice in acetone to produce a narrow band of l i p i d 
material near the lower' end of the rods. 

(<y Efry and condition in constant humidity chamber fqpr 5 min. 

(e) Develop t w i c e in hexane - d i e t h y l " e t h e r - fo rmic a c i d 
(99:1:0.05). The f i r s t development i s for 25 mm, the rods are dr ied 
at room temperature for 5 mm, and then" redeveloped for 20 min. 

n -

, f 
(f) Dry 5 min at room temperature in* the latroscan. 
(g) Scan to the lowest point behind the KET peak. * 

Sequence leading to the second chromatogram (GE to, DG): 

"(a) Condition for 5 min. 

(b) Develop for ̂ 0 "min in hexane1*- dietnyl ether - formic acid >,*,% 
(80:20:0.1). ' - ( \ ' • * 

(c) Dry and scan to lowest point behind the D*G peak. 
0 , „» 

4. » 

Sequence leading to the. l as t chromatogram-(AMPL and PL); ' 

(a) Condition for 5 min. * ' . 

(b) Develop twice for about 15" min in 100% acetone. ' . •** * * 

(c) Condition for 5 min. * 
(d) Develop twice for about 10 min in dicbloromethane - methanol - s 
water (5:4:1) . > ' ' . . < • ' . * 

8 

(e) Dry1**!** scan entire length of rods. 
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v 

i" 

Table 2i"3 , . . ' ' - * ; - ,* , 
t . . . - i 

J Model compounds r e p r e s e n t i n g a q u a t i c ,1-ipi^ c lasses- t h a t can-^be / § 
resolved in a three-step separa t ion (Table 2.2). R e p r e s e n t a t i v e s , i h 5 
the second compound column cannot be completely separated from Jhose J-j 
in -the same class in the f i r s t column, but they can can be completely* 

' resolved from r e p r e s e n t a t i v e s in o t h e r c l a s s e s using the so lven ts 
systems described in Table 2.2. 

• - * ^ 

w 

Aliphatic 
hydrocarbon 

Polycyclic 
aromatic 
hydrocarbon-' 

Wax ester/ , 
sterol ester 

Methyl .ester 

Abbreviation Principal- * "Other 
^representative compound representative 

_J_ i " compounds * «. 

HC 

PAH 

WE 

ME 

KET 

'GE 

Ketone* 

Acylated 
glyceryl 
ether 

Triglyceride TG 

% 

n-Nonadecane 

Phenanthrene 

Octadecyl 
hexadecanoate 

Methyl docosanoate 

'Hexadecan-3-one 

'"Gly ce ryl-1-oct decy 1 
ether, 2,3-* 
.dioctadecanoate 

Glyceryl 
trihexadecanoate 

n-Hexadecane- , 
n-Heptadecane 
n-Octadec-l-ene 
n-EicoVvL-ene 
Squalene 

Anthracene 

Dodecyl 
hexadecanoate 
Choi est erylj. 
"hexadecanoate 
Cholestery'l *• 
octadecandate 
*. ' '« " 

Mkhyl 
dodecanoate 
Methyl 
hexadecanoate 

* 

adecan-3-one 

Glycefyl 
t ridodecan^at e 
Glyceryl 
t rioctadecanoate 



>a!.'+ 

»3 

* f 

**?ahfe 2 
re 

if, »> 

.3 (cogtd) 1 

" % ? 
» • » " * • ! 

*& 
Free fatty, % '̂ fAV ^ ,. 
acid 4 ,« , / V V 

*-<* i l Free 
aliphatic 

** alcohol' 
,.. 

I'ree sterol ST,g" 

< f , , 
t--
&• 

i. 

biglycep#qe DG i 

»» 4 ' 

AMPL 

Hexadecanoic a^id 

* 

Hexadecan-l-ol 

Cholesterol f ' 

<# 

Acetone-
mobile * 
polar .^lipids 

Phospholipids B PL 

Glycery1-1,2-
dihexadecanoat e 

, Glyeery1-1-
jaOnohex#ecanoate 

* ' 

^ .* 

Phosphatidyl choline 

Dodecanoic acid 

Hexadecan-2-ol 
•Phytol 

Brassicasterol 
Campesterol 
Stigmasterol 
r-Sitoctexol 

Gly-ceryl-1,3- ' 
dihexadecanoate 

Chlorophyll a1*' 

Phosphatidyl 
ethaholamine 
Lysophosphatidyl 
choline 

.Lysophosphatidyl 
et'hanol amine 
Sphingomyelin: 

it'll* 

I 

\ 
4 
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* » " . 1 

(j* ^ 5 
Whenever a l a rge &€t of "samples was to be analysed,! . -ca l ibra t ion 

>eurves "were compiled throughoutVthe whole period of sample ^analyses. 

• . With each set o f t e n rods, one rod, chosen randomly, was used for 

standards on each day of analyses.'' The load,applied to the" rod ranged 

from 0.4 to 20.0 ug (Fig. 2.6a). Measurements were done mainlv a t Idw 

* » r - t , V, * ' 

loads , neat the middle of t he range, and a t high loads (Fig. S.£b). 
i * ' ' f 

I t was thus possible to obtain*estimates of analyt ical .precision for^ 

Individual classes at these levels , as well as at other levels where 

s u f f i c i e n f d a t a were c o l l e c t e d (Fig. 2»6, Tahles 2.4, 2.5).\ ""* /*•» *£ 
- 4 

2.2.4 Standard and sample application ' > 

St>andards were rou t ine ly s p d t t e d ori£o Gnrom'arods using Hamilton 

syr inges f i t t e d i n to Ham.ilf on„repe<a>ting -d ispensers . Occasional ly 

Standards were spot-ted w,ith disposable* u l -p ipe t t e s , v (Drummond « ,,' 

Scientific Co., Btoomall> PA). „ 
' * - - ' & ' 

To apply sample's o,r s t anda rds to* the r<3ds, the,frame holding the"" 

rods "was placed on a warja (ca 3 0 C) ,ho t -p la te *w.ith»_the 'lower edge 
" " " " ^ V * J " <*• 

extending beyond the e îd of the h p t - p l a t e so t h a t t he po in t of" - &, 

application at the bottom qf the rods'was not d i rec t ly over th.e5 hea't » 
* - , » Ji * <-

«.* . v - " * • 

so.uroe. This wais to heJLjTk:e*ep the s o l u t e i n a harrow band near the 

end o f T h e Chromarodsl* Solvent fecus ing (Ha-rVey and Pa t ton , 1981; '-

Pa r r i sh and Ackman, 19*83a,b) was a l s o employed for t l j i s purpose. 
* * i"' r 

Solvent focus%ng,ie usefurwhen^a l a r g e volume (>10 ul) njeeds to he 

.spot-ted on any' one Ch roistered.* Any solu€e t h a t has spread away from . 

]Lhe poin-t of 'appli j tat ion is-"fefocuse'dl i n t o a narrfw jjband- by 
* i V \ ' * * '* 

** ''' * ''"..'<&*> . * " » • * - * • % K * • ' 



f t 

• • • . • . «* 

."* J 

developing in a polar solvent to just above the point of application 

(Table 2.2).' * " " " . « . 

Hi 

2.2.5 Chromarpd developments 

'To perfqrm the separations on the rods, the frames were placed in 

paper-lined glass tanks containing solvents. About 50 ml was required* 

to keep the level 6f the developing solvent between the Bottom of the 
* " ' \ * 

tods »and the point of application-;, Depending on use, it was sometimes 
v 

necessary to replace the solvent daily. The rods were developed for a 

- v 

fixed amount of time in each solvent system, and the solvent was 

' »allowed to evaporate from the rods, at room temperature before 

ft O • 

f >t redevelopment or before scanning. Table 2*2 gives the solvent systems 
ft 

and developing(times used routinely in,the measurement of lipid 

a &. 

T* " „ . * i 
classes. 

** * » ."2.2.6 'Chromarod conditioning and cleaning 

' o Rods were blank-scanned tj-ice pfipr to use to activate them and'to 

4 V. remove any *material .which had been deposited on them since they were , 

(v , las t scanned* After spotting and l*efore,,each development, the rods 
° * 8 " ' > ' \" 

v*% " ; * «were conditioned for 5 min at a constant humidity (ca 30% at room, 
* V*» * * «" '^ •> " •» • • 

, ' tempersa^JiteJl^by' placing the frame in* a desiccator containing p. (!»*• 

saturated solution of%CaCl2Jg|^is desiccator was also'used. foi 

Y 

* - v saturatea soiutioji or vuaui«.>«This desiccator was also used for 

storing* the rods between-, analyses.* » „ - . 

«„ r 
**v» 

N. 

\ 

& 
A * * # - * if J* 
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Figure 2.6 • * 
it 

l a t ro scan c a l i b r a t i o n d a t a , for nine d i f f e r e n t l i p i d c l a s s e s . 

Compounds used to represent each class are given in Table 2.1 (p61). 

A d d i t i o n a l deve lopmen t s -and sca^ns were performed to ob ta in 

cal ibrat ion curves for s tery l es ters (SE). Cholesteryl palmitate was 

used to represent th i s class. 

* 

(a) Average responses from nine d i f f e r e n t compounds. Each symbol 

represents a different l ip id c lass . Levels^ at which average response 

da ta were a v a i l a b l e have been jo ined by s t r a i g h t l i n e s . Note t h a t 

above 10 ug, average response data a re a v a i l a b l e for only seven 

classes; i t was not possible to obtain a good separation between TG 

and FFA when each was present at loads above 10 ug. 
? 

(b) Raw data from nine d i f f e r e n t compounds s p l i t i n t o tw-o groups. 

Crosses represent classes with high responses: WE, A£, ST. Boxes are 

low-resppnse classes-. HC, KET, TG, FFA, ALC, PL. Linear r eg re s s ion 

l ines are drawn through each group. Broken l ines are,95% confidence 

intervals for the regression l ines . * . 
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•Average precision Of integrator areas obtained from scanning TW to 

20.0 ug of compounds with low FID responses (Fig. 2.6b). 

Compound 
» t 

Average Coefficient of Average number of 

variation analyses at each level 

7% 

16% 

'8% 

9%' 

/ 

4 

5 

4 * 

4 . 

3, 

3 • 

Pooled low-response 

* ca l ibra t ion data ^ 

S? 

* *-

s2> 

.« / 

S .' \ 4 * " 

4 ' v 

' • > * 

V 

> i 

M '< 
,p . 
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'u 

v „ Average <. p r e c i s i o n of i n t e g r a t o r ' a r e a s obtained from scanning Oj'4 " t o 
' *• . * »,"* « 
. 20.0 ug, of compounds wi th high FID' responses (Fig. 2.6b). 

Compound 

f>" 
Average, coefficient of Average number of 

variation analyse's at each level * 

V. ' -
WE 

SE* 

ST * 

< \ 

11% 

9% 

8#' 

2 

> 3 

Fooled h igh- response 11% 
* \ 

c a l i b r a t i o n da ta , , 

. - 6 , 

• ' • / 

i 
« • ? „ 

• 

„*•-

" 
* ^ ' 

•» 

I 

;\ii 
n 

% 

i 
. 

"t 
/ 

\ \ 

.b 

* * 

»8 -< 

4 ° * , I 

*: *>. . ? 
• > ,,: 

» ' '1 3° 
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At the end of each developing session, after the last", complete; scan 
* ' \ * *' ' ' ' * '* 

of each rod, the Chromarods were removed from their frame „and* placed 

. * 

*. individ-aally in numbered.^test-tubes conta in ing chromic-su lphur ic 

.acid. They were l e f t t he re format l e a s t an hour before being 

thoroughly washed with Super-Q dis ' t i l led water. They we're placed' back 

in t h e i r o r i g i n a l p o s i t i o n s i n ^ t h e i r frame, ' and the frame and the 
+•< * * / * 

K • * -
a 

rods were r i n sed wi th ace tone . They were then e i t h e r stored»a_n the 
•< » * - » , " -" < -

, desiccator or placed in the datroscan' for blank-scanning to ac t iva te 
* ' i ' ' > ' ' " ** " * « A' ' * '*•' ' * * / 

them for further analyses. > '**. 

' * ' , •* * * ,' 
- - - - '" ' * 1 * ' ' \ 

2.3 Results, and Discussion s . i h • 

: The Chromarod-Iatroscan system consis ts qf two independent par ts . • Up 

to ten rods are grouped together in f frames, and each frame i s Usually 
*», "v • * * " " * ' * ' " 

**' '« '> * " L >' ' ' " 
considered as a'utiit. It, is'possible to be scanning one-of these 

-* , f ' > 

uni ts while preparing another for development. 
' ' * 

When applying So lu t ions to the rods , each frame was placed oh a 
* " ' * * 

hot-plate so that any s p o t t i n g - s o l v e n t , m i g r a t i n g apprec iab ly along 
' " ' / v ' 

~, t he rod was„ rapidly .evaporated. Solvent focusing (Table 2.2) was also 
i *> * * - , ' ' 

performed to minimise the/Bp*reading of s o l u t e . Without these 

precautions'1 i t "was^fSund th'at^ a f te r development (Table f2.2), pefcks on 

ehrOaatograms could be'very broad-or-eVen s p l i t in two (Pairrish**hnd 

* V "Ackman, 1983b)*; " . * ." . j , < 
.Development times can be qui te long (Table*?.2), but i t i s possible ' 

' ' * " ' ' ' ' * . ' • • ' 

to be0analysing\one>8et of samples whi l e p repar ing another se t for 

- „ application* .to the €hroSai|pde. the extract ion and Concent ration stake 

•-' "• - -Y 
•< ' ' „ * , 

' 

j o ' . " ' - \ 

' f , * f * •>* 
•• y-

. .*** 

Mi 4 
1 ^ ^ * 
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• was found 'to be the sloŵ  step in the entire procedure leading to the 
' • * • • » ' , 

de te rmina t ion of l i p i d c l a s s e s . Every e f f o r t was made to s impl i fy 

• t h i s s t age and *to make i t as rapid as p o s s i b l e , whi le -main ta in ing 

maximal extract ion efficiencies and recoveries, together with minimal 

" a r tefac t formation. 
, #> * i 

2.3.1 Extraction and storage of seawater l i p i d s . 

Chloroform (CHCI3) was used i n i t i a l l y to extract the l ip ids from both 

4iskolv.ed m a t t e r and suspended p a r t i c u l a t e matter. CHCI3 was l a t e r 

replaced by dichloromethane (CH2CI2) which"has been suggested as an 

a l te rna t ive to" CHClo in the extraction of l ip ids because i t i s l e s s -

hazardous to human h e a l t h (Chen et_ al»* 19 81) t These workers found 

tha t CH2CI2 was equally as effective as CHCI3 m extracting" various 
* * • < fe * $ -T 

' lipoid c l a s s e s from food products . Comparisons between CHCl'3 &nc* 

, CH2CI2 for seawater e x t r a c t i o n s i nd ica t ed tha t , they were equa l ly 
e f f e c t i v e a t e x t r a c t i n g marir ie°l i^id cj a s ses . Since CH2CI2 is .more 

~ '. * ». , - ° * . 
° " « 4- ' ?*-*>. * vo la t i l e i t has the advantage of permitting a flatter""concentration of 

„ < > _ *--• ' , 

solutions a t a lower temperature than would be feasible with CHCl3« 

When i t i s 'necessary^to spbt Targe volumes (>1*0 u D ' o f s o l u t i o n s , • 
' „ - » 4r 'v • 

' . ' ' - * .*' 
CH2CI2 i s again pr&fe rattle since, the. solvent evaporates .more rapid ly- * 

-> * * * < i ' . * t ' » 

1 from the s i l i c a surface^on the Chromared^Spotting i s thjjs faster 'and ' 
, , . ' < ' F » -»• 
" the spreading jofr solute away from the origin i s less . , 

• . / ' ' \ «• 8 ^ , • _ 
All samples were s to red in CH2Cl2, *-*n' d i l u t e t,*soi*t|ion, „under' 

nitrogen, in vthe dark, a*nd a t ' - 20 to K35°C. These conditions are vetjy./ 
I ". ' ' ' s * " " 

s imi lar to^ those that«have oeen f©commended recently for the storage K 

* 
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of marine invertebrate l i p ids (Sasaki and Capuzzo, 1984)* In the case 

of marine par t icu la te l i p id s the en t i re "f i l ter was stored in jthis way 

unt i l analysis; Immediately before analysis, the CH2Cl2w a s temoved 

and the f i l t e r s were ground m CH2Cl2-methanol. As much as possible 

of the methanol (MeOH) .was removed writh water and subsequent 

i extract ions were performed 'wit,h .CH2C12- All the CH2CI2 extracts from 
«, 

one sample were combined and concentrated together. 
I V 

C^C^-MeOH has been used previously for the extraction of lipids 
o 

0 

in phytopiajikton, (Volkm^n„_et_„aJU» J.9J30a,- 1981). In the case, of marine 
f 

* pa r t i cu la te matter , the inclusion of' MeOH was found to be essent ia l ' 

for maximizing the recovery of l i p i d s from f i l t e r s . ^This wag. 

e s p e c i a l l y t rue for phosphol ip ids . R e p e t i t i o n s of the complete / extracjtioM procedure on previously extracted samples indicated that 
* ' * . - fl * ^ --

.at l e a s t 8Q%, of the recoverab le l i p i d s in each l i p i d c l a s s * a s 
v < ", . r • 

ohtained vt%h the .pjrocedut^e described in -the' Methods sect ion (2.2.1). 

Although MeOH was found to be e s s e n t i a l . f o r ex ' tSact ions , . i t was 

jEound to be an, uwesia"ahle component in solvents coming into contact „ 

with samples for long' (H month) periods of time. Samples stored itt 
J ' • - "' « " } 

MeOH-containing so lven t s / o r long per iods showed0a s i g n i f i c a n t 
. . . s * ' • * * „ • " 

/ '"" : ' ' ItoCre^Se- in ME,'eonfc<&£-(abbreviations e x ^ a i n e d in^Table 2'.3).' In 

(' " * A „ t . - ' toine* marine1-'samples, 1'eveJ.s were high enough-to, in terfere with the 
. ' % ' " , • ' *i. r**1 # ' ' "* « . " • * ! * ** ^ ^ *• 

' . ' / * * , quantif ication of the iftt^ernal^ standard jpeafe (KET); Thus" «*fforta/hav,e 
I , " , * ' " ' " < . . •* ' 1 'k 

'}' . A * '« 'been madf to reduce the level of exposure of l i p id ext rac ts t o , MeOH 

• ' ",* ' , ? a f t e r the! "ex t r ac t ion process has been .completed, .Estefif ication of 

«-. vC ^ „ * ' carbpsflic 'acid group's with. MeOH has also been found to be".a "serious 

1 

'<' > ,A . % ' 
ti . u I . 1* . ^ * ' 
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problem in extracts of airborne, particulate matter (Clement et al., 

1982). This artefact formation is also a widely acknowledged problem-" 
1 * 

a in other f ields. „ . . 
** * 

The extraction procedure used for dissolved lipids entailed shaking 
r ' 

t h e sample wi th t h r e e sepa ra t e a l i q u o t s of CH2CI2- - ? o r each c l a s s , 

the first11 extraction was found to remove 40 to 90% of the extractable 
t ' \ 

l i p i d s from the aqueous-phase. The second and t h i r d e x t r a c t i o n s , 

performed a f t e r a c i d i f i c a t i o n , removed smal le r prop'ort ions 'of the 

t o t a l for each class. In^some instances, the proportion detected^in 

the t h i r d extract was negligibly small. 

The exact percentage extracted at each step seemed to depend/on'the 
-r * , ' 

***-* polar i ty of the l i p i d ' c lass 'beikg extracted. At each step, the least 

po la r and the most polar* c l a s s e s were generality ex t r ac t ed l e s s 

ef f ic ient ly than the, rest . This'lowered efficiency occurred'sometimes 

to the extent that a ( r epe t i t i on of the en*tire extractlon^orocedure on 

a previously extracted seawater sample would result in the detection 
' ' ' ' " / 

. of s i g n i f i d a n t l e v e l s of,HC, DG, AMPL, or PL. However, the minimum 
> . * *« 

t o t a l e f f i c i ency of t h e f i r s t s e t of e x t r a c t i o n s for these c l a s s e s 

was s t i l l 75%. By comparison, the minimum extraction efficiency for* 

solvenf-extractable classes of intermediate polari ty (WE to ST), was 

* ' above 80%. / * . 

' "" Several "'•dissolved and 'par t icu la te samples were, reanalysed, af ter an 

extended storage' period in order to assess the effects of prolonged 
.•> * . > * v 

» , : > 

' storage on lipid class quantilicatfon". The results were, however, 
" ' * 

, inconclusive:'there we're no clear trends in .these data. In some 
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Samples c e r t a i n c l a s s e s would decrease , while*the'same c l a s s e s in 

other samples would remain a t the same l eve l or even inc rease . The 

Only statement that can be made here with any certainty i's that after ' 

four months of s torage a l l c l a s s va lues were w i th in 30% of the 

•or ig ina l "values. This four month s torage-per iod i s not uncommon in 

oceanographic work, and i t ite r e a s o n a b l y , r e p r e s e n t a t i v e of the 
* • . j~ 

majority of the samples*measured in TLC/FID studies involving aquatic 

lipid classes in this thesis (Chapters 3'*- 5)., In order to assess the 
• r 

f. . > 

1 e f f ec t s of s torage in more d e t a i l , i t 'would have been necessary t o 

ex t r ac t much l a r g e r volumes of seawate*r so t h a t i t would have been 

possible to perform several reanalyses of the same sample. To reduce 
f 

the effect of sample storage on the interpretation. 'of da£a, attempts 
" i it. * 

Were made to analyse as many, as possible of the quadruplicate samples -
within days of Sampling. These data would l a t e r be combined ,with the 

% 
0 * 

data from the remaining samples stored.' for extended periods so that 

to ta l analytical precision values also include a storage component. 
1 1 

2.3.2 Chroma-rod separation^ and par t ia l scanning '' 

With the use of so lvent systems--of inc reas ing p o l a r i t y a n d by 

developing and scanning in opposi te d i r e c t i o n s , i t , i s j>6ssible to 

design a s t ep -wise sepa ra t ion procedure which q u a n t i f i e s lipoid 

c l a s se s of g r e a t e r p o l a r i t y wi th each ste,p ' (Figs . 2 .1 , 2.2; Table 

2'. 2).' 

/ 

7 , *' IS 
4 

« 
.3 

% 
t>.\ 
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The most c r i t i c a l s tep in t h i s multi*-step procedure i s the f i r s t 

*. one involving a double development .in a hexane-based solvent system 
• -a 

'(TabJ.e 2.2).' The chdice of so lven t system i s based on de ta i led , 

studies of the* effect of varying -the proportions of hexane, diethyl 

e the r , or .formic acid on n e u t r a l l i p i d s epa ra t i ons (Kramer e t a l . , 

1980^ P a r r i s h and Ackman, 1983a). I t i s p o s s i b l e to measure marine 

FFA in the f i r s t scan (Delmas et a l . , 1984; 'Par r i sh and Ackman, 19 85) 

& s ince FFA runs ah^ead of ,TG m non-polar v solvent systems, but i t was 

eventually, decided that i t was be t te r to mea*sure i t routinely in the 

second scan to avoid problems wi th c u t t i n g the scan behind l a r g e 
« " - » • - * • \ 

/, 
t a i l i n g FFA peak's. There are also problems, however, with measuring 

• • '. 

° FFA J.n the ' second scan. I t has been found to be ra re ly ^possible to, 

quantify ei ther TG qr FFA accurately when both are present at"1 loads 

h igher than 10 fig. It? i s p a r t l y for t h i s reaspn tha t a double 

development i s , n o t performed before the second scan (Table 2.2). 

While *d»uble developments improve the separation of compounds near 
/ '* f 

the point bf a p p l i c a t i o n (e,rg. KET in t he f i r s t scan), the more 

mobile compounds near the end of the rod tend to be closer together 

t h a n they would he w i t h a long s i n g l e deve lopment . A ' b r i e f 
o 

4 

investigation into the use of isopropanol to increase the separation 

of TĜ 'from other compounds (Sasaki and Capuzao, 1984) indicated that 

the improvements would be negligibly small for hexane-based solvents. 
. • ° 

( Thus, the only recourse found for s i t u a t i o n s where there , were high 

levels of TG and FFA was to spot a smaller amount of the same? sample 

in a second analysis. « * • . 

/ 
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Figure 2.4 i s a single-step separation of the samesajnple that was-

"measured in a multi-st-,ep separation in Figure 2.2{b).^ft can be seen 

that considerably mote ihformai:ion i s available from the mult i -s tep ->« 

separa t ion , and t ha t as a r e s u l t of t h i s i t i s p o s s i b l e t o a as s ign r 

j v 

i d e n t i t i e s to peaks wi th g r e a t e r confidence. ,$h^re i s a l so more ^ , 

information available about the wax e s t e r component i t se l f . WE peaks _ 
' ; ** 

from t h e net- tow sample and from' sediment t r a p samples often showed 

some s p l i t t i n g (e.g. F ig . 2 .2a) . This some t imes o c c u r r e d t o the , 

* TJ * rf-

extent tha't two peaks were c l e a r l y d i s t i n g u i s h a b l e i -a ' the wax e*s'ter *y 

r e g i o n of t h e chromatogram (Fi,g. 2 .2b) , and c o u l d p o s s i b l y i n d i c a t e 

the presence 'of shor t - cha in e s t e r s in addition* t o WE.. However, t h e r e 
< •*• -

i s probably not much ME^present since the R̂  values (distances moved*" <• 
T " -1 

along the rod) suggest "that the second component i s , s l i g h t l y v l e s s 
i 

polar than ME, Another poss ib i l i ty i s a WE/SE sp l i t but 'this i s alsq^ 

thought to be un l ike ly s ince i t was not p o s s i b l e to achieve such "a 

sepa ra t ion wi th s tandards (Table 2.3). I t i s probable tha;t the 

sp l i t t i ng represents differences in unsaturatio'n and/or chain-length 

within the c lass : both of these factors have been found to affect K* 

f (Kramer et al*. 1985)°. TG,-peaks have prev ious ly been found to be 

' s p l i t in d issolved and p a r t i c u l a t e m a t t e r (Delmas e t "al., 1984; 

, Pa r r i sh and Ackman; 1985). This peak s p l i t t i n g wi th in c l a s s e s , 

together with s l ight ly different*R f values depending on samafe load 
ana sample type, means that i t i s advisable to -co-spot low loads of 

•*> * 

•' * 
new sample types with.authent ic standards in order to confirm peak 
designations. 

tr, < 

4 
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Although the re i s les's informat ion a v a i l a b l e wi th the s imple 

approach, used in Figure 2.4 i t i s cer ta inly a good s ta r t ing point for 

samples?of unknown l i p i d con ten t , or for a f i r s t - t i m e user of the \ 

la t roscan/ With- one-step separtft^RwBfcji^. i s often possible to "reduce 

"the developing time without setiously affecting the separation. Thus 

With **a s i n g l e "fratfte of ten Chromarods i t ,wbuld be poss ib le to 

quantify the major t ip id classes in, ten different samples wifhm half 

^ '" * ' * ^ ' *f 

r an hour of spotting. - - ,""» 

A separa t ion such as t h e one in Figure 214 would a l s o be adequate 
Jr 

v* • ... i -% 

if, for instance, one was mainly in teres ted in quantifying wax e&ter 

' •conten t . WE i s by far the major component in the sample (note the 

change in a t t e n u a t i o n in Fig. 2.2b),^ so t ha t given the p rec i s ion of 

FID responses (Table 2.5), the presence of other minor components 

under the sa'me peak wo.uld not s e r i o u s l y affect qunn't t i i.cat xola'. 

However, foValjl samplextyt»eis? i t "fe advisable t'o perform at least one 
j f " 

c extended a n a l y s i s in order to gain ^mih^t'" ciintidencc- irV'pVaV 
F « «.i' V - ; ! r i d e n t i t i e s . ° . ''" ***• 

i 

Figures 2.1 and *2.2 also provide good examples id ,tfj$i«rations th*u 

cou ld not be^ rep laced- 'by a ^ i n g l e - p t ep^d-tv-fl o p n e u t . In TI.J-* 

r e p a r a t i o n s of n e u t r a f l i p i d o , phosphfl ipuds a r t of tunit ft at thr-

o r i g i n (F ig . 2 .4 ) , An FID scan of t h i s n o t a r i a l If ads t« ti-u 
'* - -» ( V 

escit&ation of the amount et ' p o l a r tijf*i«5*' in the aataplf, 7Uic 
** » ' N <i 

DSt^rial iu §iv&n the same &bbrev &&t itm^ && ft b*st unc*4 for 
. ft * n i-

phospholipids*,, and I t i s of ten ta**lti.y i e p l i o d th«i sliix. I'S. 

Bfaeureoent ie d i r e c t l y represomat iv* ; cf ph&sph&l spiaJ r<,*»tcf*t* 

y 

e 



s? 

79 

Hoxjever0 the m^S^rial remaining a t ' t h e orig'in can often be subdivided 

i n t o tu<o or tbytee ma jo r componen t s , a s can b e ' s e e n from t h e f i n a l 

s c a n s \ n F i g u r e s 2=1 and 2»2. . -

A mt t l t i - s t ep "scheme has been used here to obta in a r e l a t i v e l y pure 
„ v y * 

band-of ""phospholipids on the Chromarods. It involves the use of 

acetone and a MeOH-cotttaming solvent system (Table 2.2) and it is 

based on procedures used in silicic'acid column chromatpgraphy 
> 

( R o u s e r e^ a j . . ,a 1 9 6 7 ; C h r i s t i e , L.973). A c e t o n e ' s e p a r a t e s 

g l y c o l i p i d s , . p i g m e n t s and any r e m a i n i n g n e u t r a l 1 l i p i d s from 

phospholipidsD 'and »£he po la r v a r i a t i o n of a phosphol ipid-developing 

s o l v e n t sys tem used h e r e (Table 2.2) moves p h o s p h o l i p i d s away from 

t h e p o i n t - o f a p p l i c a t i o n . The m a t e r i a l l e f t a t t h e o r i g i n has been 

t e r m e d n o n - l i p i d m a t e r i a l and i s presumed t o c o n s i s t ' o f t r a c e s of 
p r o t e i n s , carbohydra tes , humic ma te r i a l and p a r t i c u l a t e m a t e r i a l . 

/ ' . 
Acetone has been used previous ly in marine l i p i d c l a s s sepa ra t ions 

° , "» 
on Chromarbd^ (Delmas" e t ' a l . D 198°4s Harvey e t a l . , 1984)„ but f o r 
shor te - r deve lopment s._ The l e n g t h of t i m e used h e r e (Table 2;2) fo r 

* the f i n a l developments i s probably excess ive for many samples (e.g. 

F ig . 2.2) and c o u l d be r e p l a c e d , f o r i n s t a n c e , by a s i n g l e 10 mm 

development followed by an 8 min development in the MeOH-containmg 

so lven t system.., However, the p a r t i c u l a t e l i p i d sample in Figure 2.1^ 

I 
shows -a s i t u a t i o n where t h e e x t e n s i v e development t i m e s a r e 

Q 

necessary , , In o r d e r t h a t t h e minor c l a s s e s cou ld be q u a n t i f i e d , i n 
o ^ V 

t h i s s c a n , a "high l oad u a s a p p l i e d t o t h e Chrpmarod and thuti b road 

AMPL and PL peaks , a r e p resen t in>the f i n a l scan. In a d d i t i o n , " b o t h of 

K$ 
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ji 

these classes show ôme splitting into their -component parts, bjgt* the 
* & i —- — . . 

developments were extensive enough to permit the identificatiorTjs>f 

the three major classes and to allow a summing of the various .parts ^ 

_ of these "classes for their quantification. <• a r\ %& 

3S> 

The multi-step approach to obtaining a pure phospholipid value is 

not, hot7ever, 'foolproof? As with any peak, an absolute positive 
* ' ' 

identification or quantification of the various compounds within a PL 

* - ( 

peak is not possible, bfut an indication of the presencex of non-

phospholipid compounds has b&eji observed in "particulate samples. W»ith 

high sample-loadmgSji some blue colouration" has been seen in the PL o 

band on the Chromarod. This could well indicate the-presencg of a 

blue rearrangement product of fucoxanthm (Jensen,, 19S4; .Hallegraeff, 

1981). ' * ' ' . * • 

Multiple development schemes (,Figs. 2.1, 2.2; Table 2.2) requJLre, 

extensive use of the Jtop-sca'n facil i ty m the latroscan^ In order 
* ° o (*> 

that the scan be stopped at tne right*position, one of the rods which " 

has been spotted with the- sample has to be completely burnt, and 

tneasuremfflnts have to be made %6n the chromatogram of the distance to 

the desired scan-stop poijBJU ^After converti'ng this distance to a 
distance to be burnt on the Chromarods, the scan-stop screw can be 

.- * fa* ^ | * 
set at th@ desired position for the remaining rods' containing the 

* V , , 
-l . T -^ 

satu-ja. sample. This procedure, has to. be' repeated" whenever it" is 
A * . H 

* , „. « 

necessary to change the scan-stop position for other, separations on 

other rods. , * 6 

0 
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When "uging the scan-s top scnexr ift the l a t r o s c a n , ' a r e l a t i v e l y l a rge 

s epa ra t ion between c l a s s e s ' i s required in order t o avoTd carry—over 

* » ' *- -
i n to the next development.- This i s hecause d i f f e r e n t rods often show >*\ 

f ' ' ^ *-*' t 
s l i g h t d i f f e r e n c e s ±n t h e Rf v a l u e s and l e n g t h s of bands t o be„ 

^ s e p a r a t e d .by p a r t i a l s c a n s . Th i s can be. a r e s u l t of u s i n g rods of 

d i f f e r e n t ages or of s p o t t i n g d i f f e r e n t vo lumes of" s o l v e n t or* 
-y - ~ * ' 

d i f f e r e n t loads of s o l u t e . I t t/ould not be p o s s i b l e , for instance, ' t-o 
* » ° * « 

h a l t t h e scan w i t h t h e s e t - s c r e w f a c i l i t y b e t w e e n FFAland°ALC m 0 ° 

F i g u r e 2.1 and o b t a i n c o m p l e t e s c a n s o f ^ G and FFA, andjonly^SG and 

FFA, on more t h a n a fex-j r o d s . A s i m p l e " way of overcoming t h e s e 
p r o b l e m s i s t o i n s t a l l a n o r m a l l y c l o s e d 4sx**itch''i"n s e r i e s , x / i t h t h e 

, f > \ , ~ > 
^ l a t r o s c a n ' s mHcrosxj i tch fo r s t o p p i n g gcan,s (F ig . 2 ; 5 ) . Using t h i s 

* - , I * - r 

sx j i t ch i t i s p o s s i b l e "to s t o p t h e s c a n a t any p o s i t i o n on any rod; 
f * . , " « 

t h e d e c i s i o n a t which p o i n t *to st 'op can be Sfl$de a c c o r d i n g t o t h e 
\ • I ° 

t r a c e t h a t i s being produced "on the ch-a^rt^recorder^ dtirxng a,acan. ( ; ' 

A 

/ 

2.3.3 Q u a n t i t a t i v e de te rmina t ion of aqua t i c l i p i d c l a s se s 

The s t a n d a r d s used t o - r e p r e s e n t " a q u a t i c l i p i d c l a s s e s (Table 2.1) 

xjere ochosen»_ofi t h e . b a s i s o f ^ a rev iew of r e p o r t s on l i p i d s i n 

***» d isso lved and p a r t i c u l a t e ma t t e r (Chapter 1). In the b e l i e f t ha t each 

rod should"be considered as an i s o l a t e d a n a l y t i c a l u n i t , c a l i b r a t i o n , 

c u r v e s xjere i n i t i a l l y c o n s t r u c t e d f o r each s t a n d a r d on-< each 
o ' ** 

i n d i v i d u a l rod -of a ' se t (Delmas e t a l* , 19 84). S u b s e q u e n t l y i t x)oo 

fourfjtTthat t h e i n c r e a s e i n p r e c i s i o n ove r the°use, of i n t e r r o d dafra ' 
I * . 

( P a r r i s h and Ackman, 19 85) was. not enough t o xjarrant the cons iderab le 
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enstra effort involved in calibrating each^rod individually. Thus,-

„r calibration carves (Fig: 2.6) and estimations "of analytical "precision 

(.Tables 2.40 2.5) are obtained from ali 'ten' rods* x/ithin-a Set. _, 7*t 
* • s p - * 

However, ( before starting any extended period of TLC/FID analyses i t 

has been ^found to be very useful to. group, rods xjith similar 

properties together--. By'tneasurmg a single compound on each rod of 
•» 5 *• 

several sets after short developments in a polar solvent, an 
estimation of the magnitude*of the response-and the coefficient of 

Y .» ; *tJ * 

variation (CV) can be quite quickly obtained for each ChromarocL" The 

rods can then be rearranged into sets of tens of similar properties 
* et 

and each frame can then be considered as an analytical unit." - ^ 
1 

^ „ Previously it xjas found thet the precision of repeated analyses of 

. standards x-jas usually between 10 arad 15% X7ith about seven analyses _ -

per cojnpound (Delmas et al. , 1984, Parrish and A.ckman, 1985). These D 

, * » , ' * 

early CVŝ xjere abtaineTd from latroscans operated at a lox-jer scan rate 

-^ and a lower hydrogen floxTt-han xras used in the present study,- and all . 

the standards xjere spotted xrith disposable capillary pipettes. The 

' loxjefr latroscan settings „xjere used ear l ier in the belief. that 

incomplete pyrolysis X70uld be a -problem ett a higher scan rate (Crane 

et al„, 1983), and tha't rod' -life xrould be reduced *at a higher 

J, hydrogen floi? (Aclcmani 1981a). It noxi appears that these precautions 

tjere unnecessary. In the present.study X7here higher settings xrere 
used, i t x?as possible to analyse over 500 samples on -fhfe one'set of 

10 rods and, except in the case of WLM, siaall pealcs xrere detected m 

rebuins only when high loads (>25 |ig) of certain classes were 

^ - " 
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pyro lysed . „ ' .(? , . ^ ^ , 

The hi^gh^r s e t t i n g s used h e r e xjersa an a t t e m p t t o i n c r e a s e FID 

r e s p o n s e and t o improve- o e p r d d u c i b i l i t y (Ackman', 19.81a*). Double 
wJl « 

developments xzere performed for the" same reason. I t has prev ious ly 

been found thatoFID response could be-* mcrea^ecf by producing narrower 

bandso on Chromarbds (Par r i sh and*Ackman„ 1983b), ""J-he use of a second 
a o p O o ~J 

, deve lopmen t i n t h e ,,same s o l v e n t ^ , s y s t e m _ c e v e r s e s ' t h e n o r m a l , 

chromatographic^process, of band-broadening aha^thus a h igher res.ponvse 

i s obtained. A double development x?as not performed before the second 
" '* ° 

scan <Table 2.2) "because of problems xtfith the TG/FFA, s e p a r a t i o n s a t ' 1 ^ 

high- loads and because p r e c i s i o n x-ras/not improved m a previous' study.. v 

t & •* 

X7here a double development x«jas performed? before t h i s scan ( P a m s b i , . 
'" - .- " " -

and Ackman, 1985) . ' -

The use of GuSO^-impreghatect Cnromarods has a l s o been suggested as " « 
<-„ - i 

a means of improving FID response (Kaimal and Shantha, 1984). A b r i e r 

i n v e s t i g a t i o n of t h e u s e of CuSCv i n d i c a t e d t h a t t h e r e x;ould be no 

>' p a r t i c u l a r advantage in quant i f ica t ion , , over the procedures used here ,* s 

„ and t h a t t h e r e m i g h t be some d e t e r i o r a t i o n i n s e p a r a t i o n cf 
..* -** TV. o * =/ a " 

* - . P 
c a p a b i l i t i e s . •., " . ' • *" • , 

" ' " S f • 

Tables 2.4 and 2.-5 suggest that there has indeed been some 
. * > " . » • «s. 

• - A . iP " ' 

improvement i n p r e c i s i o n for , i n d i v i d u a l compounds. The CV i s nox7 

, Usually b e t t e r than 10% X7ith > onl,y about 4^'analyses per compound. At 
' - 1 , •< . 

l e a s t pa'rtaiOf t h e improvement observed. x7ith most compounds i c 

u n d o u b t e d l y due t o t h e use of: & sy r i n g e , f i t t e d x?ith a r e p e a t i n g 
u 

/ <* 
dispensed for* sample application, rather, than the disposable 



I 

1 

=84 ' 

capillary tubes, that have been used in the past' (Ackman, 19 81a). Read 

(19855 reported that the use of. a similar fringe, application method 

could reducê  th^standard deviation of the latroscan measurements to" 

I> * , 

(\,as l i t t l e -as a ,third of t.he vaiues obtained from the traditional 

* methoc^i Thec poor precision obtained X7ith FFA (Table 2.4) appears • 

->anonralot\s and it jmay, be rel-ated'^o the tendency of this peak to tai l 

in the solvent systems «used here. ' f . 

- * * ° 
By comparison X7ith the instrument precisoh given in Tables 2.4 and 

•2o5, the total analytical precision for quadruplicate samples is 
» - ' «?- t ' * ' " 

** c * O 

msu*jlly betx7een 15 and 30%. C¥s even.as high as->-35% are not uncommon, 

especially for classes1 present .̂n lesser amounts in e3ctracts, or x̂ hen . 

- less than four separate extractions x?ere possible. THis degree of 

imprecision might seem surprising at first glance, but iV*should"be 

realised? that even xzith the most entrenched or the most expe-nsive 

equipment available, 20% total analytical precision is v.ery common , 
0 - «• • 

v 

(e.g. Jungelaus _et -al%„ 197 8j Gouts: and Saliot, 1986; Uakeham et al . , 

19 80;, Barricltj? 1982,). Instrument precision is clearly not the x*reak 

step in the measurement of .aquatic l ipid glasses. Problems i7ith 

- replication probably arise, at the eastraction stage, -during storages 

,jor simply as a result .of-slight differences'in s'ample handling*. ° 
"* " - * * ^ - <*X ' 

Another reason foe—maximizing FID "responses nss that i t x?as hoped 

. that truly linear FID response'Curves could, be cfSt̂ ined. It should be 

noted that tlse term /l inear- ,hao often b<g*enAemployed somex/hat 

incautiously by latroscan- users xjhen referring to FID responses. For 
a „ ^ * . - < y 

a, detector Ptq_ be truly linear,,, not only must a s"tra"ight -line 

, «? .- „ - / * ' 

0 * ' " J. - , 
1 " • * * l c 
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regress ion be obtained from t eg re^smg FID response on\loadD but the 
/ ' I' a 

i n t e rcep t must not be s i g n i f i c a n t l y d i f fe ren t from zero-zero. In more 

formal terms, the detector should obey a poxjer law equation (y=aXb) 

x/here t h e exponent , kn-ox?-̂  as" t h e response index , shoulcl be betwee'h 

0.98 and 1,02 (Scott , 1983). In the la t roscan l i t e r a t u r e , c a l i b r a t i on 

o curves x;hose i n t e r c e p t s ' are far from the or ig in are frequently used » 

as an i n d i c a t i o n of t he l i n ' e a r i t V of "the FID re sponse . The same has 
' ' c- ft * 

even "been said of, Iatroscan„ data p lo t t ed on log- log p lo t s xjhege the 

s l ope i s c l e a r l y d i f f e r e n t from 1.0. I f a p l o t o£ r e sponse v e r s u s 

„loa"d curves upxjards as in F igu re 2.6, then t he ' ' r e sponse index i s 

g r e a t e r than 1.0 and the d e t e c t o r r e sponse i s r e f e r r e d to as be ing 
, /> ° * 

<- ~ & * "*' . 

' s u p e t l m e a r ' . T h e r e a r e two i m p o r t a n t c o n s e q u e n c e s of t h e 

' s u p e r l i n e a r i t y of t h e I a t r o s c a n - F I D d e t e c t o r . The f i r s t i s t h a t 

mu l t i - l eve l c a l i b r a t i o n curc*es af'fe e s sen t i a l and the second i s tha t 

i t i s p o s s i b l e to g e t d i f f e r d j t r e sponses for t he same amount of* 
o $ - d . , / ' , ' • \ 

com_gound depending o® the xjidth of the,band pn the Chrom'arod (Parr ish 

and Ackman, 1983b, 1985; Rao e t a l? , 1985). ' With**a ' t r u l y l i n e a r 

r e sponse â  s i n g l e - l e v e l c a l i b r a t i o n x7oUld*v s u f f i c e f or "the, e n t i re 

l i n e a r dystamic range, and the same amount* of "compoirnu would alx7ays 
• - O —/ 

* give the same 'response xjithin t h i s range. L, k " 

I t can be "seen from^ Figure- 2.6 t h a t d e s p i t e ' a l l e f f o r t s , the* 

c a l i b r a t i o n curves a r e s t i l l d i s t i n ' c t l ^ c u r v i l i n e a r . Although t h e 

coeff i-cj .ents of d e t e r m i n a t i o n ( r 2 ) in F i g u r e 2^&(b) a r e bf>£h h i g n e r 

than 0 .97 o f j the JJLnes c l e a r l y pass* above tl^e m a j o r i t y - o f t h e d a t a 

p o i n t s near this c e n t r e of t h e tfange and belox7 ,"the major i ty* a t bo th 
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e n d s . As <a r e s u l t , t h e s e r e g r e s s i o n s c o u l d n o t ' b e u s e d Sor 
* a * * * 

q u a n t i f y i n g samples X7ith c l a s s - l o a d s belox? 2.5 gig.. I t i s f o r t h i s 

<•*• ' ' - " & 
r e a s o n t h a t q u a d r a t i c ? r e g r e s s i o n s have been used r o u t i n e l y f o r 
•t' + , J,

 a < o » „ " • 

» c a l i b r a t i o n purposes (Delnfa& e t a l . , $.984; Pa r r i sh and Ackman, 1985). n 

i An unexpec ted b e n e f i t ^ o j : t h e a t t e m p t s t b improve FID r e s p o n s e i s 

t h e c l o s e g roup ing of c a l i b r a t i o n d a t a i n F i g u r e 2.6. Prev, iqus 

. / "j c a l i b r a t i o n data X7ere sp read 'over a much broader range a t each l e v e l 
' "-* " 

-° i 

(Del-mhs tet aJ,
1,, 1984; .Parrish and Ackman, 1985). Beyond about 5 ju-g 

' " the data tend to fall into one of two groups' (Fig. 2.61), so that it , 
B 

\ v « 

is" poss ib le ' t o d i s t i n g u i s h higher—response compounds (WE, . SES ST) and 

l o w e r - r e s p o n s e compounds,,(HC, itET,- TG, FFA, ALC, PL). Withinr each 
r . * u ' 

grojirf*, c a l i b r a t i b n l i n e s £end t o c r o s s 'and r e c r o s s t F i g . -2.6a) 

s u g g e s t i n g fthat one c a l i b r a t i o n c u r v e migh t s u f f i c e f o r t h e l'ox7-* 
-**s ** . *" - • 

response 'compounds and that another might suffice for the high-

y 

r e s p o n s e cormpounds. Th i s i s s u p p o r t e d by compar ing t h e single-- , 

compound p rec i s i on X7ith t he p r e c i s i o n of a l l th,e da ta pooled t oge the r 

i n t h e tx^o. c a t e g o r i e s (Fig- 2„6b; T a b l e s , 2.4n 2 .5) . The e r r o r b a r s ^ 

for the pooled data a r e not u sua l ly any xrider than for da ta obtained 
" > • - - * . » * 

fl £ ron«a s i n g l e compound. I t i s not" kn'Ox7n xjh*y WE, SE, and ST g i v e a 

s i g n i f i c a n t l y h i g h e r response than the r e s t , , but d t should be noted 

t h a t the proximity o£ the responses of these compounds t q one another 

ia l e s s than £or t h e low-responding compounds; t he mean p r e c i s i o n i s 
"f - » - P ° 

w » n o t improved by. p o o l i n g t h e d a t a ' d e s p i t e t h e l a r g e r number of 

analyses, a t each l e v e l TTable 2.5). * v » 

» ". ». 

P * , 1 ' 1 

„ r > 
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Kaimal and Shantha (1984) also fcbu,nd that jseye ral» of the classes <*_ 

scanned on CuS'O^-xmpjregnated Shromarods gave similar* responses and ^ 

had calibration curves X7hich crossed one another. I t xrould seem that 

the s i m i l a r i t y m response to Several confpounds cquld be a 

fundamental property of latroscan measurements if efforts are made^to „ 

* 
maxinijize FID response. °Th;?s could prove to be a valuable asset inj> t?he ;j •, „ 

" * • • * ' . ' 
. . * * » i< 

case'of lipi^, classes X7here there1 may be a mixture of compound" types V-." 

- ,s - J* .- V - - • 
(e.g. WE]- or where the ident i ty of the majority ofvthe compounds is •> 

' S «• > \ - / 
uncertain (e.g. AMPL). With both these classes there "is likely to be B 

* el ' ' * » . • 71 * ~ * 
a s i g n i f i c a n t ' l e v e l of va compound t h a t has a s t r u c t u r e d i f f e r e n t from;? 

'I * ' -•/ 

<» that o:: the main contributor to the band on t*he Chromarpd ^Table 

2.3).^ I:: the responses'to different compounds xtfithin a single band^on , 

a Chromarod wefe very different, then i t X70uld not be possible to 
t 

- quantify* these two particular chromatographic peaks in natural 
9 ' * Q v ' o • 

* " n " ^ 
materials . „Thijs s i tua t ion x7ould be analo'gd'us to o>ne that occurs m-

4iigh--performariee l iquid chromatography (HPLC). The use of short-

x?aver&ngh UV detection f or quantif location <&,$ HPLC-separated lipid* „ ' 
' . " ~ . ^4' » °*> * o 

" , classes is not possible unless there us a known or constant number of -

„ double 'bonds itil*each sample (Ait,zetmulle*t„* 1982).- . * 
^ „ - * "' -

In. TLC/FID studies, involving aquatic lipid classes ^Chapters 3 , -5) 
" r 

ŴE an^ 'AMPL 'have fo&e*n> cal ibrated on the assumption- that the 

components gave a high response. Stearyl palmitate .and cholesteryl 

, * palmitate0 xyhieh cannot be separated (Table 2;,3)„ do indeed give 

similar high responses t(Fig. 2.6), and chlorophyll a, X7hich; accounts 

„ for about 50% of theHAMPL*opealc in Phaeodactylum tricornutum "(Chapter 

*V 

N 
.& 
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' 3)'i has a r e s p o n s e s i m i l a r t o sf \(Delmas* e t a l . , 1984; Volkman e t 

a l . , 1986). I t ^ s h o u l d be-noted t h a t undeveloped 'PL peaks g i v e a h i g h 

.. response CDelmas a t al.„ 1984), . but a f t e r development^ the response i s 

lox7.er (Fig. *2.6), as x?ould be expected from developed Chromarod bands 

ft •* ( P a r r i s h and Ackman, 1983b). I n t e r m s of m a x i m i z i n g FID r e s p o n s e , 

d o u b l e d e v e l o p m e n t s (Table. 2.2) a r e c l e a r l y no t a s e f f e c t i v e as no 
* , * ^ ' u 

' 0 

developments a t jail. Hox7ever, p r e c i s i o n i s improved a f t e r developing 

because the ma te r i a l i s more evenly spaced'around the rod; i t i s a l s o 
* 

' « p o s s i b l e to dif f e r e n t i a t e P L , "from NLM. ( 

The r a n g e of r e s p o n s e ^ i n F i g u r e 2.6 c o r r e s p o n d s t o compounds of 
-* •» 

X7idely vary ing . s t ruc tu re and molecular x-jeight. This range could be 

i n d i c a t i v e of the bounds on the p o s s i b l e e r r o r in t he e s t i m a t i o n of 

fhe l i p i d clasps c o n t e n t i n a s amp le . I f ' t h e r a n g e i s r e p r e s e n t a t i v e 

of responses from t h e ma jo r B non-vo la t i l e l i p i d s - t h a t could be p resen t 

ci " a 

"in aft a q u a t i c sample (Chap te r 1)B t h e n t h e p o s s i b l e e r ro s r t h r o u g h 

u n c e r t a i n t y i n the a c t u a l composit ion of a c l a s s should be r e l a t i v e l y 
•4 

smal l . There i s , -noxyevefs one major d i f fe rence between the s t a n d a r d s . 

' / 
u s e d " ( T a b l e 2.1) and a q u a t i c l i p i d s i n g e n e r a l . A q u a t i c l i p i d s , and 

c 

. e s p e c i a l l y m a r i n e l i p i d s , a r e c h a r a c t e r i s e d by a r e l a t i v e l y h i g h 

p r o p o r t i o n of p o l y u n s a t u r a t e d f a t t y acid 's ; b u t because of l a b i l i t y 
o 

n o n e ' i s p r e s e n t i n Tab1?e 2 . 1 . Hoxjever , F r a s e r e t a l . (1985) 
<* * ^ . 

d e m o n s t r a t e d t h a t t h i s . s h o u l d have l i t t l e e f f e c t on TLC/FID 
« ' * o ° o * 

calibration. 

Figure 2.3 suggests that the range of responses in Figure 2.6 is 

indeed a reasonable representation of responses to lipids in aquatic 
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s a m p l e s . The l r e . i s a s t r o n g l i n e a r r e l a t i o n s h i p (£2=0.96) betx7een-
' * V " & 

g r a v i m e t r i c a l l y determined l i p i d X7"fe-yghts and l a t ro scan measurements, 
O o ' " '* -̂  „ 

i and t h e i n t e r c e p t i s .not s i g n i f i c a n t l y d i f f e r e n t f.rom *zero. On 
'" " - 3 . 

average, t he Iatroscaft g ives 84(+9)% of the gravimetr ic , va lue (n=27). 
The re iT|„ hox7ever, c l e a r l y a dependence on .sample t y p e (Fig . 2.»3),^ 

sugges t ing t h a t t he q u a n t i f i c a t i o n procedures used here a re , in t h e 

end, more a p p l i c a b l e t o some a q u a t i c s amples t han t o o t h e r s . 

N o n e t h e l e s s , t h e o v e r a l l * compa*rison i s favourable , and i t supports 

t h e v a l u e of 88.2^-5-2.0)% r e p o r t e d by 'Sasa lc i and Capuzzo (1984) fo r a 

s imil&r in te rcompar i son perf or'med on ,a much l a r g e r number of marine 

i n v e r t e b r a t e samples. The" accuracy of TLC/FID appears to be equal ly 

I I ° '- ' / ' - * ' 

. a s good on an a n d i v i d u a l c l a s s b a s i s ( F r a s e r e t a l . , 1985). A valuer 

of 93(+16)% can be c a l c u l a t e d from t h e .da ta of F r a s e r ' e t a l . (4985) 

f o r TLC/FID v e r s u s c o m b i n e d g r a v i m e t r i c , " c o l o u r i m e t r i c and 

d e r t s i t o m e t n c procedures for l i p i d c l a s s e s . I t i s i n t e r e s t i n g t h a t on 
-> -

a v e r a g e , TLC/^iiD seems- t o g i v e s l igh t ly* 3 ^0x7er v a l u e s " than a r e 

o b t a i n e d x?ith o t h e r t e c h n i q u e s . , - T h i s may r e f l e c t t h e f a c t that" 

TLC/FID i s - s t r i c t l y a p p l i c a b l e on ly t o n o n - v o l a t i l e compounds: ug-
-. „ j . 

loads of naphthalene and methyl naphthalenes^ give no response. These 
i. |* 

r e l a t i v e l y v o l a t i l e compounds p r e s u m a b l y e v a p o r a t e from th© rods 

i 

b e f o r e t h e band i s d i r e c t l y over t h e f l ame and u n d e r , t h e c o l l e c t o r -

' e l e c t r o d e . tfw 

The a ccu ra t e de te rmina t ion of l i p i d c l a s s e s in aqua t i c samples does 

not depend e n t i r e l y on ah accu ra t e c a l i b r a t i o n of the" FID. I t i s kaXoa 
t ^ 

important to be,able to accurat^ely^determine the proportion of the 

- \ 
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• " "' » 

. sample l i p i d s t h a t ' - a r e a c t u a l l y measu red i n a Xhromarod? . scan . I n 

addit ion* -a" r e p r e s e n t a t i v e blank must be measured for each sample, 

u n l e s s i t can be shox7n t h a t b l a n k s a r e i d e n t i c a l and p r e f e r a b l y 
a 

/ , * < 
i n s i g n i f i c a n t for a l l samples. % 

* ' » ,. 

For. d i s so lved and p a r t i c u l a t e marine samples ,(Fig. 2.1), t he use of 

an x n t e r n a l s tandard , , ^ - h e x a d e c a n - S - o n e o has been found t o be very , 

u s e f u l f o r c a l c u l a t i n g l i p i d c l a s s c o n c e n t r a t i o n s i n seax?ater. The 
•> t e r ra ' i n t e r n a l s t a n d a r d " i s a g e n e r i c ones i t has been a p p l i e d t o 

<9 ** „ 
•r n 

k e t o n e s added t o seawatfer s a m p l e s b e f o r e e x t r a c t i o n i n o r d e r t o 

measure recovery (Faradis and Ackman, 1977; Delmas e t a l . , 1984),,° as 

xjeall as t o ketones added t o Ghroma^ds t o compensate fo r va r i a t ions^ 

i n ^ d e t e c t o r response . (Parr ish and Ackman, 1985). Kei th e t a l . (19 83), 

recommend the use of the te rm ' s u r r o g a t e sp ik ing '^ fo r the a d d i t i o n of*" 

compounds i h order t o determine ' -recovery .e f f ic iency. 

Figure 2.2 'suggests t h a t an a l i p h a t i c ke tone should not^-be *used as 

a Surrogate sp ike in samples con ta in ing a s i g n i f i c a n t propor t ion of 

" i n v e r t e b r a t e l i p i d s . The l a r g e WE, pealc i n F igure 2.2(a,b) .would "cause 

problems X7xth the q u a n t i f i c a t i o n of°KET, and t h e r e i s -a s i g n i f i c a n t 

KIpT peak iJjgJ&e ,f r e s l w a t e r i n v e r t e b r a t e chromatogram shoxin in F igure 

2 .2 (c ) . TLC/FID a n a l y s e s by Violkman e t a l„ (1986) a l s o i n d i c a t e t h a t 

KET coul'd n o t be used f o r a c e r t a i n c lasa i .of ' C o c c o l i M i o p h o r i d s , no r 
1?, v--

fo r anoxic surface sediments . " 
This i n a b i l i t y t o use KET may no t , in f a c t , be a problem i n TLC/FID 

ana lyses of these typ^s of a q u a t i c sampled. In the e a s e ' of seditae'nt 
* ' * » "« 

o a B p l e s , not- tox7 samples^ and satEplcii1 from "a lga l c u l t u r e s i t i s 

* c ,-i ' \ \ 

, '- V 
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0 

<£ 

u s u a l l y ' p o s s i b l e to obtain much h igher concentra t ions of l ip ' ids vfehan 

, i s -normally the case* x?ith dissolved and3 p a r t i c u l a t e X7ater sampler. 

Th i s .means t h a t t h e amount of sample ' c o n c e n t r a t i o n r e q u i r e d fo r 

' TLC/FID measurements i s much*smal"ler. This .̂n turn reduces the aoount ' 

of sample handlings an cj,<> the p o s s i b i l i t i e s for sample l o s s . Under thes^e-

t \ < 

•conditions,, nearly quantitative recoveries^ during all sample 
* \ * . • ' " * ^ * "' * "* " j f e w . ' 
t r a n s f e r s a r e a re>asonable p r o p o s i t i o ' n : a l l t h a t ^ i s needed^ "is'J an 

. V < * ' * B, • R -

a c c u r a t e d e t e r m i n a t i o n of s o l v e n t volumes a t each J 3 s tep bet t jeen 

. e x t r a c t i o n and app l i ca t ion t o the Chromarods. 
• " - ~ * 

v When only s m a l l amounts of s a m p l e ^ r e a v a i l a b l e , annal t e r n a t i v e 

^approach t h a t has s i m i l a r r e s u l t s "is to use microtechniques .requiring** 
g 

onljr s m a l l v o l u m e s of s o l v e n t s (Gardne°r e t a l . , 1985) . "The -

chromatograms in Figure 2.2(a,c) were obtained from samples handled0 ' ' 
f ^ " " ' . / 

m th*Ls manner. This approach a l s o p e r m i t t e d a d i rec t* compar ison ' * 
* *i * ^ 

betx7e,en gVaJj/imetry and l a t roscan measurements on these small samples *• 

,1 (Fig . 2.3). vThe measurements in Figure 2.3 a t e not corrected for' non-* , *; , 

lt*qpid ma te r i a l or blanks. NLM X7as assumed' to have a response " s imi l a r * » . « 

t o t h a t of a lox7-response l i p i d (Fig. 2.6), and the NLM concentra t ion 
« % ,. 
was-added t o t h a t of t h e l i p i d c l a s s e s t o produce the" l a t ros,can-

measured t o t a l m F i g u r e 2 .3 . Not knox7ing t h e t r u e FID response t o 
. $j ' "" 

- NLM should not be a problem s ince the h ighes t measured -proportion of 
**? 

a ' / <*• 

KLM in these samples X7as 7% and most^ samples had va lues belox7 4% of 

r th© t o t a l . Blank va lues for these samples ^ e r e a l so usual ly lox?. 

z ** Betx7een t h e b l a n k s J ^ r ^ h e f reshx7a te r samples and t h e a a h n e 
s a m p l e s , each of t h e a q u a t i c l i p i d s l a a c e s ; d e t e c t e d in t h e oampl-eo 

i f 

•\ 
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(Figs. 2.1, 2.2a,c) has' been measured at least once m a blank. The 
# **_ 

l e v e l of t h e b r e n k s f o r t h e s e c l a s s e s x7ere, hox7ever, o f t e n belox7 "5% 

of t h e t o t a l s a m p l e m e a s u r e m e n t f o r t h e c l a s s , and i t x?as n e a r l y 

alx7ays p o s s i b l e t o k e e p t h e l e v e l s , belox? 15%.'^Values 'beyond t h i s x?ere 

t a k e n t o b e c a u s e f o r c o n c e r n , and a t t e m p t s xyould b e niade t o 

e l i m i n a t e a t h e . s o u r c e of c o n t a m i n a t i o n . T h i s p r o c e d u r e „x70uld i n v o l v e a 

s t e p w i s e e l i m i n a t i o n p r o c e s s t h a t s t a r t e d X7ith "a" c o m p l e t e r e c l e a n m g i ? 

of a l l o l a s s w a r e a n d T e f l o n s u r f a c e s . I t x /ou ld - a l s o i n c l u d e , X7hen 
• p " * , 

n e c e s s a r y , >a -Gheck on l m p t i r i t y l e v e l s i n s o l v e n t s u s e d m d e v e l o p i n g 

t a n k s , in e x t r a c t i o n s and *in c l e a n i n g , and f i n a l l y y t h e r e p l a c e m e n t of 

t h e a c t i v a t e d c h a r c o a l And m o l e c u l a r s i e v e s u s e d f o r p u r i f y i n g t h e 

n i t r o g e n s 'upply. * ' •• ", 

2".4C ComelaaaioinG 

<? 
u a t i c l i p i d s "can be e f f i c i e n t l y e x t r a c t e d i n t o - d i c h l 0 r b m e t h a n e r andt 

t h e r i r a p i d l y c o n c e n t r a d by e v a p o r a V i n g t h e - S o l v e n t . / S a m p l e r a r e 

" s p o t t e d i n s e v e r a l fil f d i c h l o r o m e t h a n e o n t o s i l i c a g e l . c o a t e d 
* ' >• 

"Chrpmarods x?hich a r e , h e l d i n f r ames . The s o l u t e can b e r e f o c u s e d i n t o 
o */•*• " S 

narrox? bands x?ith s h o r t d e v e l o p m e n t s i n p o l a r s o l v e n t s . * By» s p i k i n g 

samples* X7i£h a knox?n amount of i n t e r n a ^ s t a n d a r d - b e f o r e e x t r a c t i o n , * 

i t i s p o s s i b l e l t o o b t a i n an e s t i m a t i o n of ' l i p i d r e c o v e r y f r o m t h e 
— - ^ *• . . f i 

amount of t h e s u r r o g a t e s p i k e t h a t i c measu red on. t h e Chromarod . ' 
j " « 

F o r s o l v e n t f o c u s i n g a n d f o r t h e s e p a r a t i o n of l i p i d c ' l a s s e o t h e 

f m s e c a r e p l a c e d i n t a n k s c o n t a i n i n g p u r e s o l v e n t s "or s t i l v e n t 
a f i 

" m i u t u r e o o Only a b o u t 50 m l of s o l v e n t i a r e q u i r e d fof°*?sach ta r ikv^P^* 

i 

% * 
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After development, each f.ram-e is placed in the latroscan for the 
. ' ^ - ' .- -

de t ec t i on and" q u a n t i f i c a t i o n of the mate r ia l separated on the rods. 
° i > * * . , » * 

Each ffod.m^i fJfame i s passed-vin tu rn through theA FID xyhieh responds 

to carbon ions produced from the pyro lys i s of organic compounds. 

I n theory, any nonr-vola t i le d a r b o ^ n - c o n t a m i n g compound shou ld be 

measurable X7ith t h i s system. I t should be f e a s i b l e , for in s t ance , to 

_ .* ; t e s t e n d t h e use of t h e l a t r o s c a n t o o t h e r e n v i r o n m e n t a l l y and 

„. *>, e c o l o g i c a l l y " impor tan t c l a s s e s l i k e c a r b o h y d r a t e s , p r o t e i n s , and 

" • ^ humic and f u l v i c ac id s . . ' ' 

•5!^^ ' S i n c e . the s e p a r a t i o n p a r t and t h e d e t e c t i o n p a r t of t h i s TLC/FID 
„.." r . 

,. - *-

X 'SystejDi a r e ^independent , , and s i n c e i t t a k e s only 30 seconds - t o 

completely sc^n each rod0 a l a r g e number of samples can be processed 

-~ , • 5"p a clay. S e v e r a l p e o p l e can be x r o r k i n g ' w i t h d i f f e r e n t s e t s of rods" 
* "' \ • » ' ' 

t ftnd t h e y may o n l y r e q u i r e one l a t r o s c a n f o r d e t e c t i o n and 
- "* \ ' -

t \ q u a n t i f i c a t i o n . In a d d i t i o n , experienced opera tors can^ x^ork x?ith tx70 

o r \ h r e e s e t s of r ods a t a t i m e . Th i s means t h a t w i t h even t h e most-
* 4 > 

complex . s a m p l e s ^ a n d t h e most i n v o l v e d s e p a r a t i o n and s c a n n i n g 

""procedures, t h e p r o c e s s i n g o>f t e n t o tx?enty d i f f e r e n t s amples per 

person per day i s a reasonable p ropos i t ion . This i s more than can.be 

p r o c e s s e d by 6C or c o n v e n t i o n a l HPLC. The i n i t i a l out4ay and t h e 
' ' - - ' 1 

r u n n i n g c o s t s a r e l e s s t h a n " w i t h GC or HPLC, and TLC/FID has t h e 

p o t e n t i a l „tq measure a much broader range of compounds. , 

.. , R a v i n g made f a v o u r a b l e c o m p a r i s o n s x ? i t h c o n v e n t i o n a l 

chromatographic techniques" i t ' i s impor tant t h a t the major drawbacks 
0 

of TLC/FID a r e made equal ly c l e a r . The de t ec to r i c noiv-linear sb t h a t ^ 0 x> 

file:///quantif
http://can.be
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' *• c? 
c a l i b r a t i o n i s more time-consuming and m©re complicated than in GC or 

, ' - \ * 

HPLC. The d,etec.tor~.is a l s o o r d e r s of mggn i tude l e s s s e n s i t i v e tha4T , 

most de tec to r s ava i l ab l e for GC or HPLC, and TLC/FfD analyses may be 
S - * -

as , much as an o r d e r of magni tude l e s s p r e c i s e . Hox7aver, w i t h t h e 
advent of nex7 de tec to r designs and nextf sample" "appl ica tors (Pat terson, ^ 

*• a * - * 

1985; Read, 1985), t h i s >may a l l soon change. 

•uV 
4 

,o 

o 

http://tec.tor~.is


t 

*« •>.'* ° *- C h a p t e r - 3 . u 

>*. * \ , : ' -\ 
.PARTICOLATE AE^HISSQLFHD X.IBXB CLASSES IEI 60LHJRES OH?" 

i 
i ' . a v 

a - / . \ •Q&aeotoctylUat-i tificoramttiiiE-i GKOTO JE3 CASE C0LTORB TUKBIBQST&TS* 
* ' *7~^-* , " <V. 

WITH A-BASSE OF SUPPLY RATES OF ,IMOSfi&lSn:C EUTRCGSN 

" " * 3 . 1 I n t r o d u c t i o n 

The c r e rhas Keen c o n s i d e r a b l e i n t e r e s t i n l i p i d p r o d u c t i o n " i n a f g a l 

c u l t u - * ^ s . P a r s o n s et_ &1. (1961) grex? e l e v e n s p e c i e s of a l - g a e - i n 
v 3 * " >. '" J - : •'' > 

s i m i l a r , chemica l an<f p h y s i c a l environments '" and fbund r a t i o s of t o t a l 
5 ' "*• f-v ' ' 

l i p i d t o ca rbon^or tsotarl l i p i d t o c h l o r o p h y l l a t o be s i m i l a r f o r ' a l l 

r ' „ >' " 

s p e c i e s . They u n d e r l i n e d t h e impor t ance ' of ' env i ronmen ta l c o n d i t i o n s 

• , ' ' > 

in o b t a i n i n g algae* of s i m i l a r chemica l compos i t i on , The r e s u l t s they 
*,' « - j-

*- ^ > S I ' 

obt-ained s h g g e s t t h a t , - - u n d e r a ,given s e t of* env i ronmen ta l c o n d i t i o n s , 
- - " » , ' * - " * " 'i 

,, *~ -. 
i t i s p o s s i b l e t o g e n e r a l i s e from c u l t u r e d a t a from, a fefo s p e c i e s t o 

* * • ' *• ' 4 * - § "•, 

c u l t u r e d a t a f o r s e v e r a l more s p e c i e s . A'ckmanlet. al." ( 1964 , 1968) 
f o u n d t h e 4- lp ids* o,f' t w e l v e s p e c i e s ofs c u l t u r e d ' - p h y t o p l a n k t o n t o be 

*- -, - & * ^ - . 

c h a r a c t e r i s e d by l a r g e a m o u n t s ' of-^jf j .Q, f a t t y a c i d s a s . x j e " l l v as by ' -• 

s i g n i f i c a n t a m o u n t s of C 2 o : 5
 a n d c22',6«^i^ l a t t e r i s an u ^ r ^ n c h e d 

f a t t y a c i d ^ i t h 22 c a r b o n s a n d 8 d o u b l e b o n d s , ahq4 b o t h t h e l a t t e r 

Gompbunds, b e l o n g t o t h e n - 3 s e r i e s of f a t t y . , a c i d s . T h e s e a r e a c i d s » 

xvi th t h e f i n a l d o u b l e bond e n d i n g 3 c a r b o n s f rom t h e m e t h y l end of 

t h e m o l e c u l e . T h e s e tw,o, a c i d s a r e ' c h a r a c t e r i s t i c of a q u a t i c ^ l i p i d s 

(Gurtstorie, 1967)*, and t h e y hsvie been r e c e i v i n g c o n s i d e r a b l e a t t e n t i o n 

r e c e n t l y i l l m e ' d i c a l r e s e a r c h b e c a u s e of t h e i r ' a p p a r e n t b e n e f i c i a l . 

e f f e c t s on human h e a l t h (Goodnight e t a l . / , 1 9 8 2 ; , Glomse t^ 1985). 

95 ' 
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1 * • * t ' * *• " < i * 

-* " s ' i * , * - . 

. L i p i d p r o d u c t i o n - m alga*e has been- examined i n term's <of x t h e 
" " ' '"- * \"\ ' . - ^ ^ 7 * -

_ ' n u t f i t i o n a l recjuireme'hts '&£ oyster- ' - r 'arvae (Chtu and Dupuy, ,1980) . v 
_ » < • *< •, » - - < ' 

* *• « y , *i 

*Al/ga©',have long* been ' - accep ted^as a d i r e c t s o u r c e of nutr^t-Lorr f o r 
- * \ s P , V ' * -« J. t -" ' <{ 

*• ' [ > , * . * - •• J • * *• - * v humane. (Ackman, 19,81b; . Aaronson and pubifasky, 1982-y P i r t , .1984) , and 
•" - •* . ** • '/' • - V *• T • - - ,n ** . ' 

at teffrpts .have been, made to inc rease aXg^l l i pxd content \73,£h A view 
' , • - - *. . l ' - - * '€ 
* to providing' a suitable food source for the inhabitants pf space 

* ' * 
, *v ve.hiol tes (Ri-chardson e t a l . , £969)* L i p i d p r o d u c t i o n h a s - ^ l s o been^ ~ 

- "i i * ' Z * • * * 
•' " ' > * *, » " - *- *- -

' p roposed as a means 'bf p r o v i d i n g r e n e w a b l e ene rgy t fue l s , e i t h e r by 

d i r e c t p r o d u c t i o n o f ^ h y d r o c a r b o n s (Tornabene , 19 81*, 1982*, P i r t , , 

. 1984), or a f t e r , p rocess ing o the r a l g a l l i p i d s (Shi 'frm and Chishoim, 
• ' " • - * » • • * ' 

,, 19S0')-^Algal l i p i d s may a l s o be^a s o u r c e of s p e c i f i c compounds f o r 
a " » " '"* . 

i -* * * • . ' * • , . 

/ / . ' • ' ' 
i ndus t ry (Aaronson and Dubinsky, 1982)." . * 

* I t c a n j b e seen t h a t c u l t u r e s*tudies i n v o l v i n g l i p i d s a r e of 
\. > r •> * 

i n t e r e s t ' i n themselves , as- X7e,ll as i n terms of p r o j e c t i n g the r e s u l t s 

t o 0 a q u a t i c ecosystems. An u n d e r s t a n d i n g o f ' f a c t o r s a f f e c t i n g l i p i a 

product ion by microalgae in the l a b o r a t o r y shoul-d give i n s i g h t s i n t o 

the dynamics of the p roduc t ion of compounds x?ith h igh ca lor i f i c -"va lue 
i e a s » * ' 

I * * - . * - * , ' 

: in the oceans. This in format ion could a l s o be used t o manipula te t h e 
- -t * * 

l i p i d * c o n t e n t ,of a lga 'e grox?n "in* l a r g e - s c a l e c u l t u r e s t o p r o v i d e 

opt imal l i p i d product ion for commercial a p p l i c a t i o n s . 

.# Th is study i s a nei7 approach t o t he examinat ion ' of" l i p i d product ion 

by c u l t u r e d a l g a e . A nex? c u l t u r i n g u n i t has b e e n u s e d : t h e cage 

c u l t u r e t u r b i d o s t a t . This system X7as r e c e n t l y in t roduced as* a device 
* * * 

for the rapid determination of algal grox?th rate" (Sk'xpnee' efal., 

1980K In the present study a complete range of lipid classes b.a# 
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P- * -1-f'*r * " * + t/ ' *-**-' * ,,. 

v ' t been' measured in both the particulate and ,the dissolved f ract-ions 

+' * „ < * i -- * > i. 

IM,- ifr^m turbidostats. Mpst'studies have,-determined ptily the total Mpid 
C - r i 

' ; • • - * 

'. content of the p°hytoplankton or the fatty adijds-of some of the 
" ^ . * ~ . . . t A ^ 

particulate lipid classes. 'A 'nex-* analytical technique has been used * * 
.*. « * ' * 

" * - •* . 
to perform the lipid class'measurements: the Chroma rod-lat roscan °* 

-f (TL'C/FIl)) system x?hi«h has ^recently seen considerable use 'in 
* • * 

."Biomedical? research (Ackman, .19 81a).1 Chapters 1 and 2 give a detailed 

descr ipt ion 'of* t'he analyt ica l technique used here and i t s * 

,* - relationship to other techniques. 'Figure 3.1 s'hox7S the' relationship 
* * • ' ( / > . », - « • i - „ « 

„ " ». betximen t̂he cage culture; tufbidostat.7and more Commonly used culturing -
* * ,. „ * ** v-

° ** s < 
«•' devices. = . " - ' » » . 

' / * • " ' * - ' * ' - * 
"Batch cultures' are „the most common Hype of cu l ture used in 

' ' ^ experimental-x-7otfk*with phytoplankton <(Fpgg,v 1975). In this type of 

- * - . « . . ' " * ' , , * %" "*" , 
"culture,-cellsQ are ineeulated in a limited volume b*f x?ater in glass 

* * , «-

r grr plast ic containers (Fig. 3:1a). The great advantage of; batch 

-̂1 < »* -cultures is their simplicity^ their disadvantage is that conditions 

, 'are constantly changing in^the culture vessel. .Gxoxjth rate changes * 

' X7i,th time, and so does the physical and-'chemical environment of the 
* * . * ' % 

- ' cells (e.g. l ight, nutrients' and .toxic agents). Free transport 
* - rf * v * 

, ' i - * , • » • ' , 

' betX7een. the inside of the culture vessel„and a supply of fresh medium 
r, ' 

k >- • d «' < 
would stabil ize the chemical environment pf each cell. This can be 

* , - * - • > • 

* - * 

achieved by grox7ing microorganisms inside dialyoi-i bags bhieh are 

expos'a'd to a large reservoir* of medium. Nutrients diffuse through a 

semipermeable membrane to the microqrganiamo,' and the exudation 

products pass«tO the outside,^ With ^arger* phytoplankton i t io 
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,. p o s s i b l e to use m&terial" t h a t °has oores-* X7ith d iameters of t he o rder 

of^microns , so long as i t^ i s t r a n s p a r e n t . The l a r g e s t p o s s i b l e po re - >f 

"- / " - " * - " . . r * * » " 

£ s,ize shou ld produce" t h e ' c l o s e s t p o s s i b l e s i m i l a r i t y betX7een t h e r ' 

ln 'eade '&nd t h e o t i t s i d e of? t h e ^ e n c l o s u r e . Under ythese contrition,?? ^ 

d i a l y s i s i s no longer an impor tan t process and" the gener ic te rm "cage " ^ 
c u l t u r e ' i s used (Sakshaug and J e n s e n , 197 8). F i g u r e 3.1(b) shox7S a p 

- ^simplif ied diagram of a- cage .cu l ture . - ^ P ° 

The, use of .'cage1 cul%ur.es^ does not,,, however, ovexcome the^piRjlemv o°f , „ 
* * - » . * ' • ' " i y » „ •> " -

v a r i a b l e grox7th r a t e s and an i n c r e a s i n g degree" of s e l f - shad ing by the <* 

-* " a l g a e (Saksjiaug and J e n s e n , 197 8). Th i s can be a c h i e v e d "only w i t h «• 
•? * - * r y # - / * * . , 

1 1' * ' i 

'< ' cont inuous ' culr.urejs. Here, not only i s the envirbnmentr'of -each c e l l , . >> 
Si ' r' 

Jf * 

s t a b i l i z e d by p e r i o d i c exposure to f resh 'medium, but t h e r e i s a l s o & " 

mechanism for r e g u l a r l y removing c e l l s f rom„ the c u l t u r e v e s s e ' t . ' T h i s '** 

c a n ' b e j u s t a s i m p l e o v e r f l o w ' s y s t e m . In t h i s X7ay,a p u l i u Y e can be 

he ld at some chosen point, 'On i t s grbxith curve. jA f u r t h e r ' a t t r a c t i o n 

of t h i s t y p e of c u l t u r e i s t h a t a t ' i s amenab le -to a u t o m a t i o n . The re * 

a r e tx?o t y p e s of c o n t i n u o u s C u l t u r e s J ' t h a t a.re r e g u l a r l y uaed i n 
' - & 

' e x p e r i m e n t a l x?ork X7ittt p h y t o p l a n k t o n , * t h e -chem-ostat*, and the , 
" ' $ 

• t u r b i d o s t a t " . - '* .-'. - ^ j 

* *V 
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Schematic r e p r e s e n t a t i o n of phytoplankton c u l t u r i n g systems. 

(a) Batch c u l t u r e . 

'99 

(b), D i a l y s i s or- edge c u l t u r e ** 

(c) Chemostat: the mediunTis supplied at a constant rati. 

0.4 

(d) T u r b i d o s t j a t : t h e medium i s ' ^ s u p p l i e d t o t h e c u l t u r e by.,a pump 

X7hich i s c o n t r o l l e d by a' pho tode tec to r . 4 r 

(e) Gage c u l t u r e . - tu rb idos ta t : t he medium i s suppl ied at a ' c o n s t a n t 

r a t e . Medium, i s removed from i n s i d e t h e c u l t u r e by ' a pump-X7hich i s 
A * ' ^ ' , 

c o n t r o l l e d by' a sphotodetector . 

N. c 
& '3 . 
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' a . H f t 

i. Chemostats a re supp l ied t7ith me'dium a t 'a* cons tant r a t e (Fig. 3.1c). 
i ' l ," 7 

Tn,e p p p u l a t i o n d e n s i t y a d j u s t s i t s e l f t o , t h e r a t e ' o f supp ly o f t h e 

, • l imTi t ing ' n u t r i e n t . T u r b i d o s t a t s (<Fxg.- 3 . I d ) a r e s i m i l a r t p 

c h e m o s t a t s eiccept t h a t t h e p o p u l a t i o n d e n s i t y i n t h e c u l t u r e i s 
• * . * ' 

monitored by -a pho tosens i t ive , device. This measures the t u r b i d i t y in 
•o * * * ' 

..the c u l t u r e v e s s e l . I f the dens i ty increases -beyond a predetermined 

p o i n t , the o h o t o d e t e c t o r causes 'more medium to be passed through the» 
* t 

v e s s e l . One of t h e p r o b l e m s x«rith t h i s t y p e of sys t em i s t h a t a t low 
' <- - * s • 

grox>7th r a t e s t h e a l g a e spend most of t h e i r t i m e ' u n d e r c o n d i t i o n s 
K 

resembling those found in a batch c u l t u r e : any furtfeer ljiput of fresh 

medium has tOc.ax7ait t h e r e p l i c a t i o n of enough c"e l l s t o change t h e 

t u r b x d i t y of the cul ture* " ^ 

A recent innovatxon has ..been ,to combine £he cage c u l t u r e technique 
* * a 

w i t h t he t u r b i d & s t a t means of " d e n s i t y r e g u l a t i o n (Sk ipnes e t a l , 

1980) . F i g u r e 3 .1(e) i s a d i a g r a m m a t i c . r e p r e s e n t a t i o n \ 6 f such a 

s y s t e m . Uit-h t h i s " sy s t em a- f lox7 'o f f r e s h , m e d i u m ih •> m a i n t a i n e d 

" continuously,- <.and ,the popula t ion of phytoplankton i s kept cons tant by 

removing c e l l s a s soon as t h e t u r b i d i t y im t h e c u l t u r e e x c e e d s a 
* "\ 

t h r e s h o l d . Cage c u l t u r e t u r b i d o s t a t s p r o v i d e a v e r y s t a b l e 

e n v i r o n m e n t and h e a l t h y c u l t u r e s can be m a i n t a i n e d fo r p e r i o d s of 0 

months. - * 

The supp ly of n u t r i e n t s p l a y s * a key r o l e i n a l g a l grot7th in '**-

c u l t u r e s and in the n a t u r a l environment. In. most aqua t i c environments 

t h e supp ' ly of nH?/';rogen0 p h o o p h o r u s ^ ' o r s i l i c o n i s a t l e a s t n 
o 

p e r i o d i c a l l y grox7th- l imi t ing . There $ r e s eve ra l spec ieo of marine and 

</ 
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f reshwater phytoplankton uh ich accumulate t o t a l l i p i d as a r e s u l t of 

n i t rogen or s i l i c o n s t a r v a t i o n (Collyer and Fogg0 1955s Sh i f r in and 
* ti to 

P 

Chrisholm, 1981). Hoi7ever, an examination of data presented by these 

a u t h o r s , and by R icha rds on e t a l . (1969) , i n d i c a t e s t h a t members of 

the same genus respond to n i t rogen s t a r v a t i o n d i f f e r e n t l y , and t h a t 

even member's ofr t he same spec ies may not accumulate l i p i d as a r e s u l t 

, pf n i t r o g e n s t a r v a t i o n in one t y p e of c u l t u r e s y s t e m , w h i l e 
to , 

accumulating substantial amounts in anothe'r type. It seems likely 

that a factor other than simply.a lack'of nitrogen may be involved. 

It is'a^so likely that since lipids are a heterogeneous group of 

compounds of varying structures and functions (Chapter 1) the 
, 0 * ' 

t . •" * 

measurement o f« to ta l l i p i d s may be masking d i f f e r e n t t rends occurr ing 
A among the ind iv idua l l i p i d c l a s s e s . 

There have been feu s t u d i e s on t he e f f e c t s <pf n u t r i e n t s on l i p i d s 

X7ithin p h y t o p l a n k t o n c e l l s . There have been even fex7er on l i p i d s 

re leased e x t r a c e l l u l a r l y by l i v i n g c e l l s (Hel lebust , 1974). Nut r i en t 

S&'ress i s b e l i e v e d t o be one -of t h e ' m o r e i m p o r t a n t f a c t o r s 

i n f l u e n c i n g e x t r a c e l l u l a r ^ r e l ea se of organic compounds (Wangersky, 

197 8s J e n s e n , 1984). In t h e p r e s e n t , s tudy a c o m p l e t e r ange of^ •* 

i n t r a c e l l u l a r and e x t r a c e l l u l a r l ^ p i d c l a s s e s has been measured m " 

both n i t r o g e n - s t r e s s e d and n i t r o g e n - r e p l e t e cu l tu res* „ 

The a l g a used i n t h i s s t u d y i s the1 m a r i n e d i a tom Phaeodac ty lum 
i. 

* -< t r i c p r n u t u m » A s u r v e y by An s e l l e t a l . (196 4) of t h e f i r s t 

- - p u b l i c a t i o n s c o n t a i n i n g . , l i p i d data for th i s , a lga ind ica ted t h a t the 
1 * '«r , ' 

i n t r a c e l l u l a r l i p i d ' c o n t e n t X7as very v a r i a b l e . Values from 2 t o 3f"M^-

{ I 

h-V 
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of the dry x?eight x?ere publ ished betx7een 1930 and 1964. Ansel^ e t aL^ 

(1964) s u g g e s t e d t h a t t h e . a v a i l a b l e n i t r o g e n supp ly X7as " the most 

i n f l u e n t i a l s i n g l e f a c t o r causing t h i s v a r i a t i o n ' . R e c e n t l y , Thomas 

/ e t a l . (1984) found t h a t a l t h o u g h t h e y c o u l d i n c r e a s e t h e l i p i d 

c o n t e n t of P^ t r i c o r n u t u m t o 3 0% of t h e dry x?eight under e x t r e m e 

n i t r o g e n d e f i c i e n c y , t h e r e X7as no i n c r e a s e i n t h e l i p i d y i e l d ( t h e 

p r o d u c t of t h e l i p i d c o m p o s i t i o n and t h e grox?th r a t e ) . The p r e s e n t 

x7ork X7ith cage c u l t u r e t u r b i d o s t a t s examines the y i e l d under a range 

of n i t rogen supply r a t e s . 

i 

3.2 Methods * -
* - f 

Three cage c u l t u r e t u r b i d o s t a t u n i t s x?ere used to grox7 Phaeodactylum 

t r i c o y n u t u m . t i l t h v a r y i n g s u p p l y r a t e s of n i t r o g e n . The u n i t s used 

t-jere mod i f i ca t ions of t h a t descr ibed by Skipnes e t a l . (1980). Figure 
~ V 

3 .1(e ) i s a d i a g r a m m a t i c r e p r e s e n t a t i o n of such a u n i t ; i t i s 
-l , - ' 

desc r ibed in d e t a i l by Wangersky e t a l . ( submit ted) . 

„ 'The volume of t h e c u l t u r e v e s s e l s X7as 400 ml and approximately 3 1 

of medium p a s s e d t h r o u g h each of t h e v e s s e l s pe r day. The, medium 

s u p p l i e d t o t h e p h y t o p l a n k t o n xras a mod i f i ed ' f /2 ( G u i l l a r d and 

Rytherr, 1962). Dialyzed seax7ater X7as used as the base of the medium. 

The r e l a t i v e p ropor t ions of* the n u t r i e n t s in t he medium X7ere* adjuc-ted 

so t h a t a t lox7 n u t r i e n t l e v e l s n i t r o g e n x70uld be g r o x j t h - l i m i t i ng. 

KHACI X7as used as t h e n i t r o g e n s o u r c e and t h e amount e n t e r i n g and 

l e a v i n g the t u r b i d o s t a t s X7as monitored r e g u l a r l y . Cel l concentrat ions! 

x?ere a l so meaoured r e g u l a r l y t?ith a Coul ter Counter (Model 1015 ZB)" 

<?% 
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<> With these measurements i t is possible 'to calculate the picc-tgcammes 

~ (pg) of nitrogen offered to each cej,l per 24 hours (Fig. 3.2a)r and 

the amount taken up by each ce l l each day (Fig*- <$.2"b)V 'The * ° 

-turbidostat cultures x?ere held at a variety of -nitrogen .^ppTy Urates. Q 

The different values of the supply rates were"'evenly;„sphced.for most 

of the experiment, but X7ere more closely spaced at the Xox*est, end of ^ ^ 
• ", •' -*£, -- •" *-*" v = " r ~ ' . , « - « - • 

"the scaie (Fig. 3.2a). ^ "" ,'-" ~~'" * 

- The temperature of ' the cultures x?as held at r?.fV TĈ t̂-he. light''-JP-
- • ' * ' " , « . ' ~-">» "* " 

'• ^ intensity at 70 p-E m~2s-1 X7ith a light-da"rk cycie &fyj;6j& hr. The 

threshold< at which the turbidity-controlled "piimp re^oveC-eells from 

the medium X7a*s maintained at the same" level- ro"£-sll tniee culture ,-
" * "* * ~ -• ' " - * „ " . . - "•* 

•' ,,, ^ « . 
, . vessels throughout the experiment. Grox7fch rate w.ss.,calculated as the 

proportion of the volume of the turbidostat that X7as removed in .a 
4 * <* J' 

day. The' specific gtox7th rate, u„ is used throughout th"is Chapter 

. (doubling times or the number of divisions per day involve a 

logarithmic relationship). The product of the specific grox7th rate 

and the l ipid class composition of the qells ras used to estimate 

particulate yields. Yields of dissol^fed J-ipid classes wefe obtained 

by measuring the i-ipid class concentr^fttftn in the ijid^ming^aiediuin'and 

in the effluent media from the turbiaostats. The analyses of the 

lipid^ classes xjere performed on dic0hloromethane extract's on an„ ' 

latroscan IHC III (latron Laboratories, Tokyo) using modifications of 

previously described procedures (Delmap et al.p 19 84; Parri&h^afto!, <-

Achtaonio 1985), as detailed in Chapter 2.* Table 3.1 shoxjs the organic 

classes detected in the es^tracts* - -

1 
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« ft 1-55 

Disso\l?vs&4 l i p i d s t7ere e x t r a c t e d f rom be tx?een o 250 ml and 1 1 of 

' - i f " " " 

sedwatex . P a r t i c u l a t e s amp le s X7ere u s u a l l y ob t a ined by f i l t e r i n g §0 
• . *> " * * * ' * * * -

ml of . ' ^ J f J .^pp lanktQn c u l t u r e ( 1 0 6 c e l l s / m l ) . T h e s e - s a m p l e s * X7ere 

^$~z 

e x t r a k f t ^ d % ^ g r i n d i n g t n e - . f i l t e r , i n i t i a l l y i n d i c h l o r o m e t h a n e -

<«~'-• mj§-th«tn?Ql -CS-: !^ . and s u b s e q u e n t l y --in 100% d i c h l o r o m e t h a n e . . The , 

ex t rac t fe t?er<e t rashed ' w . i t h ^ p u r i f i e d x?ater (Whitehouse, 1983; P a r r i s h , 

' -\. 
' # • 

« + 

; "<2hapt6^2) . Saajpl^s X7ere Spiked x7ith an i n t e r n a l s t a n d a r d , hexadecan-

-' -? -
3 - o n e , i m m e d i a t e l y a f t e r . f i l t r a t i o n , and t o t a l p r o c e d u r e b l a n k s xjere 
" ' '" fy\ " " " " " , 
run on each fday of a n a l y s i s . Blank l e v e l s f o r most l i p i d c l a s s e s x7ere 

u s u a l l y , belox?" t h e d e t e c t i o n l i m i t of t h e a n a l y t i c a l p r o c e d u r e . "* 

i t * 

S e v e r a l samples X7ere e x t r a c t e d x?i thout t h e a d d i t i o n of t h e i n t e r n a l 
a 

4 t, 

s t a n d a r d t o "check t h a t t h e r e x?ere no s i g n i f i c a n t l e v e l s of any . 

compounds t h a t could i n t e r f e r e c h r o m a t o g r a p h i c a l l y x j i th h e x a d e c a n - 3 -

o n e . " fy o 

Y i e l d s of d i s s o l v e d l i p i d s X7ere..obtained f o r c u l t u r e s n e a r t h e txjo 

e x t r e m e s of n i t r o g e n supp ly r a t e s used h e r e . P a r t i c u l a t e l i p i d s x?ere 

m e a s u r e d a t t h e e x t r e m e s o f n i t r o g e n - s t r e s s e d and n i t c o g e n - r e p l e t e 

c o n d i t i o n s and a t s e v e r a l , p o i n t s i n betx7een. Ch lo rophy l l a (CHb) X7a# 

measured d a i l y i n a Turne r f l u o r o m e t e r . 

* M * *« . 

.* o 
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IFigaare 3»2 ' 

6^" I ? 

«l»-

^* 

H i s t o g r a m s of t h e n i t r o g e n budge t f o r cage c u l t u r e tu-r,bidos-t'abS, 

(a) 0 The amount of n i t roge ,n o ' f fered t o e a c h ' c e l l . * ' < 

(b) *The amount of n i t r o g e n used up by "each^e-e l l . - ' -;,•'--•>•••.-
' ' , X ,' '• ' -

^#*^ v A U JT ? , 1 - . - * « 

. . ' I " ^ " - * " " n - 1 ' f * „ " * 4 J * r ' 

• (c ) The a m o u n f o f s u r p l u s n i t r o g e n -an*" t h e e f f l u e n t zLn^microgramme-
•. ' ~ * p ' - - - ' . i J - «.„ •* . .. 

a t o m s p e r l i t r e . : ' ^ - r' " '* £ 

(d) ' N i t r o g e n u s e d a s a p e r c e n t a g e „o£J,t"ha.t*-of f a r e d ; t h e ' h i s - t o g r a m 

c e l l s , a r e r e v e r s e d vso t h a t h i g h " p e r c e n t a g e s c o r r e s p o n d "to lox<7_ r a t e s 

of n i t r o g e n - s u p p l y and n i t r o g e n u p t a k e in. t.he„ pireCeding4 h i s t o g r a m s . 

°- y <3 

» >r 
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J ' . 

N o n - v o l a t i l a e o r g a n i c c l a s s e s d e t e c t e d a t t b e p i c o g r a m m e p e r c e l l 
l e v e l ( p g / c e l l ) and' a t t h e jug/1 l e v e l v m e x t r a c t s ^ of p a r t i c u l a t e and 
d i s s o l v e d m a t t e r from cage c u l t u r e ' t u r b i d o s t a t s . 

Organic class A b b r e v i a t i o n 

AJLipbTatic h y d r o c a r b o n s t ' HC 
" ' "• 

S t e r o l e s t e r s and w a & ' e s t e r s tf . ^" * ,WE 
v ' ' * 

'Me thy l e s t e r s and o t h e f . s h o r t - c h a i n e s t e r s <, ~> ME 

Ketones-"' ' ~~ y „ KET 

T r i g l y c e r i d e s , . , . TG 

o ** t 

F r e e f a t t y a c i d s r \ . FFA 

F r e e a l i p h a t i c a l c o h o l s ' ALC 

F r e e s t e r o l s ' * - * , ST 

D i g l y c e r i d e s '• * DG 

A c e t o n e - m o b i l e p o l a r lipids-'-** ' ' AMPL 

P h o a p h o l i p i d s and. o t h e r a c e t o n e - i m m o b i l e p o l a r l i p i d s PL 

N o n - l i p i d m a t e r i a l ' -~ J* « , ' ' « - - NLM 

' ' 'Samples t7ere u s u a l l y s p i k e d x?ith an i n t e r n a l s t a n d a r d , hexade'ean-
o n e , i n o r d e r t o measu re r e c o v e r y . _J - . ' .** -t 

- "^AMPL i n c l u d e s c h l o r o p h y l l a (CHL). . 

•3-

J *<h 
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3.3 R e s u l t s -

The amount of "nitrogen, offered t o the c e l l s , t be amount used by each 

c e l l , and tphe -surplus in the ef'fldeht fr-om the t u r b i d o s t a t s X7ere alj . 
- * * i ' • _* ' , 

"l 1 * ' * ( L. 

- c l o s e l y c o r r e l a t e d (Table 3.2).i«The C e l l s co.n'tiqued t o t a k e up more 

anfcd m-ore n i t r a g e t i p e r day a s t h e suppJLy inc reased , , bu t a t t h e same, ' 
. .̂ -° . _ **- , 

"time a g r e a t e r and g r e a t e r proporfcion,of theAnitrogeh' .s-uppl l ed x5as ^ ' » 

* pass ing through the, c u l t u r e vesse l unused*. At lox-? r a t e s ,of n i t rogen ' 

supply *the p ropor t ion of the n i t rogen in the incoming medium used by , 

the c e l l s X7as much h ighe r than, a t high supply r a t e s . •" * % 
-; Most c u l t u r e s e i t h e r used 80 t o 90% of t h e n i t r o g e n s u p p l i e d or , v -"" ' 

e l s e ; only betx-feen 5 and 1.0%. This suggested* ao means .of , c a t ego r i s ing _ {J ' 
- ' > * * " ' 

the c e l l s grox<*n m ( t h i s experiment. On . the b a s i s of- the histogram in 

^Figure 3'2(d) the d iv id ing . l i n e between the two ca t egor i e s has been. 

-•taken t o be.-arourfd 45% jEfit rogen used.'-'-Those ce41s u'smg-.more than -
. t h i s have been a s s u m e d , t o be n i t r o g e n - s t r e s s e d , X7hifts t h o s e us ing -

j- - . - < / * , -
X ' i A" • 

l e s s thaft 20% have been assumed t o he g-rox7%ing" under nijtro-gen-repliete 
' < ' * - . - 4 

cond i t i ons . \ " , \ 

TLC/FID chromatograms for t he tx?o t-^pes of c e l l s "x7ere d i f f e r e n t in 

one major. r e S p e c t ; t r i g l y c e r i d e - x f a s a minor con*stitueht*-bf c e l l s 

grox7n under n i t rogen- rep i -e te cond i t i ons , but .'a major c o n s t i t u e n t in ' 

n i t r o g e n - s t r e s s e d c e l l s (Fig. 3.3), The p l g m e n t - c o n t a m m g AMPL peak 

( a b b r e v i a t i o n s a r e e x p l a i n e d i n Tab le 3.1) x?as s i g n i f i c a n t in a l l 

chromatograms, , as- X7as "the PL* peak. HC, FFAJ d i f f e r e n t t y p e s of 
3 -• < '. . ' 

alcohols and different types^ of esters X7ere also detected in smaller 
' o 

amounts in most camples. Table 3.3 gives the mean amounts of* ̂ the 

^ 
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^ a r i o u g ' ' l i p i d . c l a s s e s d e t e c t e d i n P. „ t r i c o r n u t u m groxm under 

n u t r i e n t - r e p l e t e conditions?-*. The v a r i a b i l i t y i n . l i p i d c l a s s ' amounts • 
- - - " " ' . 

„ , per cell among the ten] different cultures being- supplied x?ith 

different batches of media X7aS quite small for the major lipid 
^ • , " o-

\ 
v c l a s s e s ; the coe f f i c i en t of .va r ia t ion (CV) x?as u s u a l l y l e s s t h a t 35%. 

o ' t * I 

The " v a r i a b i l i t y X7as g r e a t e r for t h e minor l i p i d c l a s s e s but" t h i s i s . 

as l i k e l y to be a s soc i a t ed X7itt^the a n a l y t i c a l procedures as i t i s an 

i n d i c a t i o n of d i f f e r e n c e s among t h e c u l t u r e s . .Because of t h e l a r g e 

.d i f f e rences betxjeen the amounts of the major and minor c l a s s e s , the 

l a t t e r i7ere often analysed a t l e v e l s c lose t o t h e d e t e c t i o n l i m i t of 

' t h e l a t ro scan . For more accura t e and p r e c i s e q u a n t i f i c k t i o n , a second i 
t, I 8 

\ V * 

s e t -of a n a l y s e s x-rould b a v e - had t t o be p e r f o r m e d u s i n g h i g h e r 

- ' i ' ' 1 " 
. * " concen t ra t ions of l i p i d s . F*^=Si*v' 1 ' \ 

O c c a s i o n a l l y , P.- t r i c o r n u t u m growing i n n i t r o g e n - d e f i c i e n t 1 media 

x7ould change from i t s normal ^un ice l lu la r forms t o *a chain-form. The 

l i o i d s i n %his "qha in- form were measu red on tx?-o. s e p a r a t e o c c a s i o n s 
to * I 

(Tabl,e 3 .4) . TLC/FID c h r o m a t o g r a m s ftfr t h e c h a i n - f o r m were v e r y 

. s i m i l a r t o t h o s e o b t a i n e d from n i t r o g e n - d e f i c i e n t . u n i q e l l u l a r t . P . 

t r i f fo rnu tum ( F i g s . 3<e|'Doc).~ S i n c e i t i s n o t - p o s s i b l e t o count c e l l s , 

U An t h e c h a i n - f o r m , no i n t e r n a l s t a n d a r d X7as added (F ig . 3 . 3 c ) , and 
- v * 

* l i p i d c l a s s e s cpul d on ly be g i v e n a s p e r c e n t a g e c o m p o s i t i o n (Tab'le 
* ' " " •-

. . . „ - « 

«* / 3 t4 ) . The n' i tro-gen s u p p l y r a t e c o u l d n o t b e - c a l c - u l a t e d on a p e r c e l l / 
. i * i 

b a s i s e i t h e r , and so dn ly t h e i n c o m i n g n i t r o g e n c o n c e n t r a t i o n i s 
- ' - ' " - -

' g i v e a „ i n T ^ U e 3.4. - , ,* -
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Ifigenre $„3® 

Y-

TLC/FID chromatograms of part iculate l ip ids from cel ls in cage 
: • - \ 

cultures of Phaeodactylum tricornutum gi*ox7n in nitrogen-deficient and 

nitrogen-replete medî a. Abbreviations explained -in Table 3.1. 
t • 0 J" ^ «? ¥ y 

ft 

p Recorder attenuation is given* .under each chromatogram in mV full™ 

. scale deflection. j 
- - ," * / . * - • 

" • . ' o 

£a)̂  Unicellular-vorgamsms groum' under nitrogen-replete conditions^ 
' •«• " " 4 *. 

* - • • - » » * v 
- * J C ** *' * ^ 

* * * / •* 

(b) Unicellular organisms grown under.iiitrogen-def xcient conditions? 

(c) Phaeodactylum tricornutum in'chaift-form obtained from a'nitrogen 
*•' ' ' •"—"— ' ' • O B t 

-*" — 
v 

"•deficient culture (19 pg-at W/-1 in the incoming medium). Wo internal 
standard X7as added to thi^' Sample. I t s percentage composition is 

given in Table 3?„4. * . " v , • 

«? 
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Table 3.'2 

Pearson product moment linear correlation coefficients for the' * 
complete range of nutrient conditions offered.. Abbreviations 
explained in Table 3.1,' t> \ \ 

N 'of f e r e d 

N use'cf 
( p g / c e l l / d a y ) 

%N used " 

S u r p l u s N 
( u g - a t / 1 ) 

Grox7th -
'(day"') 

CHL" 
(pg/celX) 

•» * * 
TG 
( -pg /ce l l ) " 

S t e r o l s 
( p g / c e l l ) 

AMPL ?; 
< p g / c e l l ) 

PL • 
( p g / c e l l ) 

Total lipids 
(pg/cell) 

-0.'65 -0.66 „ JD189 -0^67 
V 

- 0.73, NS 

0.72 0.77. -0.76 0.72 0.80 0.̂ 84 -0.66--

NS 

NS 

NS t-0.79 NS NS,- 0.61 -0.71 

NS -0.67 NS Q.73- 0.68 NS 

*8ot significant at the ,99%. confidence level (n=17). 

t 
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«.r * * 

TaMe 3o,3 . , : * • - . > " 

Lipid c l a s s composit ion o€ n i t r o g e n - r e p l e t e Phaeodactylum t r i co rnu tum 

i n picogrammes per c e l l (+95%* c o n f i d e n c e , i n t e r v a l s , -n=10). 

v •»* 

Hydrocarbonso 

Sterol esters and wax esters 

Methyl esters 

Triglycerides * -

Free fatty acids» 

'Free alcohols 
Y 

7 

Free s t e r o l s 

D ig lyce r ides 

Acetone-mobile po l a r l i p i d s 
t, > 

(AMPL - CHL)*" -

Phosphol ipids 

To ta l l i p i d s 

).09 (+0.06) 

0.04 (+0.04) 

0,02 (+0.01) 

0.11 (+0.04) 

0.21 (+0.08) 

0.06 (+0.02) 

"0r06 (+0.02) 

0.03 (+6.03) 

0.95 (+0.16) , 
ft 

0.41 (£0.13) 

0 .98 (+0.19) 

2 .54 (+0.29) ' 

•"•The d i f fe rence between AMPL and t h e CHL va lue obta ined from a Turner 

f luorometer , 



» -. « r i5 

N& 

.Table 3 = 4 * , * 
:t 

0 r ^ - «.-
» ti 

P e r c e n t a g e l i p i d c l a s s c o m p o s i t i o n off Phaeodactylum t r i cornu tum in 

chain-form i n two d i f f e r e n t nit-rogeti d e f i c i e n t c u l t u f e s ( a n a l y t i c a l 

p r e c i s i o n 'given as"+ 1 s tandard dev i a t i on of t he mean, n=3). 

«• 19 ug-a t N/1* ,' , 47 ug-a't N/1 

Hydrocarbons , ' p . 3 (+0.1) 0.2 (+0.1) 
* 

S t e ro l e s t e r s and X7ax e s t e r s -» 0.2 (+0.1) „ 0.3 (+0.1) 

Methyl est-ers^, , , ' "0 .3 (+0.1) 0 .4 (+0.2) 

T r i g l y c e r i d e s - 48 (+3) . - 24 (+2) 
w •* 5 few — —* 

Free f a t t y a c i d s CL7 (&D.6) 0 .8 (+0.4) 

Free a l coho l s * 1.1, (+0.9) i ,. a .2 , (+0 .17 

F r e e ' s t e r o l s 1.4 (+0.-1) Ck % 2.2<<+0.6) » 

Diglycer ides 0 .8 (+0.3) _" 2.3, (+0.8). 

Acetone-mobile po l a r l i p i d s 19 (+4) 31 (+5) 

Phdsphol ip ids .- ". 28 (+2) - " 39-(+5) 
• • _ , . . — • • - . I . — , „ . • • • • • — " ! . — — H I „ | • • I - — M . | * — — f S - | — I , I . • ^ 

•5fe> 

^Concentration of nitrogen suppliad to'the turbidostat; chromatograms 

for this culture given in Figure 3.3(c). 

_V 
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TLC/FID chromatograms of the d isso lved l i p i d c l a s s e s from nitrogen-r 

d e f i c i e n t and n i t r o g e n - r e p l e t e c u l t u r e s tie, re* q u i t e s i m i l a r , and* n o t 

very d i f f e r e n t from those of the medium supp l i ed t o these c u l t u r e s , 

(Fig. 3 .4) . F o i f s e v e r a l of t h e c l a s s e s one-x7ay a n a l y s i s - o f v a r i a n c e -*5"' 
* * * 4 

, I < 

'indicated no significant difference in lipid-class concentration - _ 

before and after passing through the turbidostats. Where- there x?as a 

significant difference"the production rate per cell has been 

calculated (Table 3.5). The variability in nitrogen supply pej: ce&lr 

in Table 3.5 reflects small .^differences in cell numbers and flox-j 

rates among the turbidostats. The variability in the particulate 
f -

lipid^jffocluction r a t e s for the t h r e e c u l t u r e s being suppl ied X7ith the 
same medium X7as u s u a l l y l e s s „ t h a n 30%. D i s s o l v e d l i p i d " p r o d u c t i o n 

*> * 
r a t e s x?ere more v a r i a b l e . Again , t h i s may be s i m p l y an a n a l y t i c a l 

9 
problem. There X7as a s i g n i f i c a n t input of most l i p i d c l a s s e s t o ' t h e 

t u r b i d o s t a t s - (F ig . 3 . 4 a ) , -so t h a t t h e d i f f e r e n c e s betx7een i n p u t and 
* * * 

o 

output concen t r a t i ons t7ere sometimes q u i t e smal l by cuniparison X7ith 

t he t o t a l amounts measured. One xjay around t h i s xjould be t o s,lox7 dox?n 

t h e flox? of medium, so t h a t t h e c o n c e n t r a t i o n of d i s s o l v e d l i p i d 

c l a s s e s m the e f f luen t j jou ld be h igher . Nonetheless , even x?ith smal l 
a . x 

d i f fe rences betx?een input and output , t h e CV for most dissolved, l i p i d y 

c l a s s product ion r a t e s X7as s t i l l belox? 35%. 

.f<3 
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T * % 

I?igmre-*3o4 

TLC/FID chromatograms of d issolved l i p i d s in the ingoing medium and 
' • " " ' ' _ ' 

the e f f l uen t s from cage c u l t u r e s of Phaeodactylum t r icornutum grox7n 

u n d e r n i t r o g e n s - d e f i c i e n t and, ni t j fogen r e p l e t e - c o n d i t i o n s . The 

a t t e n u a t i o n vfor a l l 3 f i n a l s c a n s v i s 3*2 HIV f u l l - s c a l e def lec t ion . The 
* " „ / - > " • * < - ' 

preceding scans a r e a l l a t - a lowen a t t e n u a t i o n (mostly 16 mV). 
/ i 

'(a) D i s s o l v e d l i p i d c l a s s c o m p o s i t i o n of t h e i n g o i n g medium: 

d ia lysed seax-jater. ^ - . 

(b) Dissolved l i p i d c l a s s e s in the e,ffluent .from a n i t r o g e n - r e p l e t e 

' c u l t u r e . 

(c) D i s s o l v e d l i p i d c l a s s e s m t h e e f f l u e n t from a, n i t r o g a n -

<--d e f i c i e n t c u l t u r e . 

& 
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-S <y 

.$* ^ ^ i p , Talble 3 = 5 

.*> 
<*•" P r o 4 u c ^ i ' o n ra* tes Of p a r t i c u l a t e s a n d d i s s o l v e d l i f p i d c l a s s e s p e r 
,, Phaeodac ty lum t r i c o r n u t t i m c e l l under " n i t r o g e n - d e f i c i e n t and n i t r o g e n -

replet>e ^condi t ions .* A l l v a l u e s i n t h i s Tab le a r e i n p icogrammes p e r 
^ Vfi-^-C^ *"* <%il "-per day. The-* p r e c i s i o n i s 1 - s tandard d e v i a t i o n * of t h e mean, of 3 

'** » " t u j r b i d o s t a f 5 m e a s u r e m e n t s , *•' '**,-"" t 

•v* •*•*-

W V, 

i5.!-

• & 

MitEOgei-f'Supplyj-*" - " 0 . 3 7 (+0.05)." i i 

"~ i *^V *- i * 8 7 

P r o ^ u ' e t i o n r a t e ; P a r t i c u l a t e i"Dissolved 

Alirpba^Vc •*.'* - . V f 0 . 0 2 + . 008 NS* * -
h y d r o c a r b o n s * . „- t . ? 

-ST 

i-v* 

« - .v-L 

^ S t e r o l e s t e r s 
, and wax es i f e r s 

M e t h y l s g s t e r s ND 

NS 

0.02+.008 
* • 

*"&*!• J 1 

-Er iglyjcSr ides \ - 0 . 27+" 01 NS 

01 •v c * F r e e f a t t y . a c i d s 0.03I+.01 * 0^03+. 

' ' • * ' ! . F r e e ^ a l c o h o l s ' 0."01*,OQ4/ „ 0.02+^.01!' 

.* 0 . ^ , 0 0 3 -

" '* 
f t " * * " * 

G*I"ai+.005 

- NS 

NS 

S t e r o l s 

*Diglyce r i d e s 

Ace t oneHaob i l e V, &. 1*5+. 03 - - '0 . '07+.02 
p o l a / l i p i d s \ * ,d k * , 

,. i ^v 
„*1 

H i o s p h o K p i d g ^ 0,.'07+1*05 - -0.0-1+.005 , 

". » . T o t a X * l i p i d s v - 0;S9+'.06 , 0 . 1 5 + . 0 1 <' U . 2 9 + . 2 9 

• - 3^..5 (+3,5) 
** 

P a r t i c u l a t e D i s s o l v e d 

0^02+.006J 

'ND * - ' 
* • * • 

ND' 

p.07+.0l" 

J - I 

0 . 1 6 + . 0 5 * 
u 

0 . 0 4 + . 0 2 

0 . 0 2 + . 0 1 

0 . 0 2 + . 0 0 1 

0 .5 2+.12 t 

cr^s+.oos 

NS 

0.02+.Q1 , 

NS 

NS 
* " I 

. *NS 

0 . 0 3 + . 0 1 

NS 

0 .03+ .002 

0 . 0 6 + . 0 1 

NS-

0 . 1 4 + . 0 1 \ 

**« ^ „ - -"Tli^, d i f f e r e n c e "in* l i ^ ' i d - c r a ' s s c o n c e n t r a t i o n betx?Gen t h e i n c o m i n g a 

*.. , ?"* _ m,ediunt 'and, t h e ' e f f;lii@nts from t he , 3 t u r b i d o s t a t o ' t7aa'' no t o i g n i c i c a n t ^ 
•""< I -%' • a t ttT§ ty£% c o n f i d e n c e l e v e l (one-x7ay dr-alyQia- of v a r i a n c e ) . 

• *K , *", " . ' ; '"••"-No'b d e t e c t e d i n ' a n y IFID s c a n s of t h e s e S^Garap^ec. ;->• / 

, . / .r 

'. 4*! 

1 
^ 
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' The/growth rete, of the- cells^continue^ to increase over "the-entire 

range of rates of. nitrogen offered and nitrogen used (Tig. *3*.5a). The, 

* data/tlo, however, seem to fall intq two groups with, a chax-ge of slope 

close oto-2 pg N-used/cell/day. The distribution of the* data suggest* j 

' » * '" " - " 

a Michael is-*Metrt en?curve would, give a good fit; however,-"considerably ' 

more data would be needed to test this. "Ftfr the purpose of this 

i.tudy, two linear, regrespiotfs have been used to apprlfex'imate „the 

distribution 'of data wherever there "seemed to bes a break in* the-
•- " * -

^ •?i * , •> * ^ . 

slope. The choice of data points to include in the two regressions is 

based on Figure 3.2(d): data from ce'lls'usmg more than 45% of the 

( incoming nitrogen have been grouped together, as have cells using -' 

v* less than ?QK .of the incoming nitrogen. While"the-plotting- of data as 

'- a function of percentage N-used ^rather than 'picogrammes Nj-jused would 
* * * » * * • • « " * » , * • * 

v- : have been preferable in some wa'ys.'the distribution of dara points 
* prevented this (Fig. 3.2d): the distribution of % N-used .data results' 

* - « i ' 

in all parameter?; grouping into two clusters at >each end of the^N-

*• ' iu,od axis. In the case of the growth rate data"-versus pg N*-
v ' , '< ** * 

« ured/cell/^ay'the correlation» and the slope of the nutrient-replete 

data points were bpth significant in this experiment (95%_ confidence 

level * "n-10». This explains the continuous increase am, nitrogen 

uptake t,a£ejp across the entire range of supply rates (Figs. 3.2a,b). 
" / - * -* > - - „ 

Tho lipids per cell or per unit chlorophyll a were 'different ,in that 
• * l * • • • > , . / * * * * * 
,f ' * , « ". * '<• -. 

their/dist tibutions tended to reach a"-plateau: none of the "slopes -.-or ~" 

correlations of the nutrient •rejp'lete l ipid data;is significant in«̂  **< 

* Figures 3,5 ,and 3.6. ,Thys» beyond an uptake,*-rate of.* around" 

-,? 

*S ' 
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• - J V « - » v , « . * - ~ « « , * . •. t » / ' -

"i ,f^<r<il'^ ^ " . 2 pgN/cell/day the "lipid-composition appears to be independent of the 

- -f 

sCt " 1 fc * 

•*• , V - i - * * -

- ^ ^ r ' * * „ ' * & *" 

„ 
4 , 1 ' 

•£, 

* ^ 
j 

, r 

. . 
"*" Z ta te o*f nitrogen'u-ae'j The calculation of meanAevels of lipicl 

*"- "' •-' -^' - ,cell*Tn Table 3,3 ti-S*' therefore justified.-" , -i . j "• '. 

s per 

"^ * * -•' 1" ' * ^Evidence of a plateau, qr* even 'a. change1 in slopel x/as/nojtd ^however, 

* ^ * * clearly apparent ,xn a l l ^a&peets ojf this- datg/set" (̂ igfe.*/3*7 r-//3.9-il 0 j" 

^ . although triglycerides per-unit chlorophyll a did" re,jpeat7,the-\pat/
/tecri / , 

- * ? ' a 1 * * . J -*' * " " fr^- ' r 1 I 

% _ of a sigrj-if leant 'negative slope f ollox-redT. by *a "l-evelli^ng" . of £ * 
- " '- " *" ' ] 

- j-rrs-A * (Fig. 3.8b). V v " "") : - ; ' * . - ' ^ , 'X i ' , 
* ^ ^ . . . 1 1 - . ^ *. 

Of the tx7elve l ip id classes*:measjir/ed, chlorophyll a, *AMPL*, and 

s* 
s te to ls were the-only classes ^correlated 'x^ith' grpt7th at the 99% 

*: A - ^ , '* *.' ' %' --'*, *'*/*" "fc ! * ' 
" * confidence'level (Table 3\Z -̂ Tliis -relationship x>7ith grox-Jth seems to „ 

)<• be quite l inear (Fig.-^S.^), and m the case of st,erols the intercept » 
r w r 

* ̂is*" not significantly different from the origin. "̂  
** •• •* -

„. ̂  * ' I • ' ' . * * ' 

^ ' - * - ' ' »' - . - - *• * * 
* . L " * " * ' •> * 

1 2 ! > 
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^ 
Figure 3 = 5 

Grox7 t̂h r a t e and l i p i d p e r c e l l as a funct ion of, t-be r a t e qf* n i t r o g e n 

use per c e l l . Abbrevia t ions expla ined i n - T a b l e 3°.1„ Crosses r ep re sen t 
_ ' « / 

' ' * * " : 
nutrient-replete cells, boxes rep^e^ent nutrientJ-def icient cells." 

^ ', 

(a) Growth r a t e , u, ve rsus nitrogen) u s e . 
p*> 

(b) The* sum of t he p a r t i c u l a t e l i p i d c l a s s e d v e r s u s riitlrog^eri^use. 
yD A toff 

7p- iT - f V„ 

(c)4 Acetone-mobile po la r l i p i d s v e r s u s n i t r o g e n u s e . 

: . ' . " - > / i -

*\ 

'£> 
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FigMref 3 JlS » - , f 

. - a I * 1 

* J? 

- 'L ip id c l a s s e s jas 'a f u n c t i o n c?f t h e r a t e of n i t rog-en use p e r c e l l . 
, r . . , - ; r ^ ' ( *" j ' 

, « ~ - ' - 'I , '*• ;; 

A b b r e v i a t i o n ^ e x p l a i n e d , m / l i a b l e 3. tl. C r o s s e s r e p r e s e n t n u t r i e n t -
4t '- * ^ t ep ' l e t e "delis, boxes' r ep re sen t nu t r i en t - ?de f i c i en t ce l l s 

* - - -• y - 1 - i 

r fjt\ p^ 

"{ *" 't. (a) i .Phospholipid per cell'* * ^y, 

" - ' - ' : y 

• 3 / ; ' 

J ~*(b)'.."Triglyceride p e r , c e l l , u / 
V \" ** ' ** - u 

(c) The r a t i o o f i - t r i g lyce r ide t0 ch lorophyl l a. 

f t ; 

- N ' 
5-

S> 
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Flgtuiire 3 = 7 

v Vs 

I -a* 

1 

\ ' ' ' 

Lipid- p r o d u c t i o n j5er c e l l as a f u n c t i o n ' o f n i t r o g e n u s e p e r c e l l . 

Broken l i n e s axe 95% confidence, i n t e r v a l s f o r the r eg re s s ion l i n e s . >-
•A, \ 

/*• 
(a) ~ Chlorophy.ll a product ion r a t e . 

v I 

" , • * (b) The sum of t he I a t r o scan-measured p a r t i c u l a t e , l i p i d ^c l a s se s , i 

(c) T r i g l y c e r i d e product ion r a t e . «#-. 

•\ - >K 

, * 

http://Chlorophy.ll
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Figmre 3 . 8 . 

* ' . -i 

'L ip id per unit*, ch lo rophy l l a as a funct ion of. n i t rogen concen t r a t ion 

i n thd e f f l u e n t from t h e t u r b i d o s t r a t s . b r o k e n l i n e s a r e 95% 

confidence i n t e r v a l s for t h e r e g r e s s i o n l i n e s . 

(a) The r a t i o of- the sum of the I a t r o s c a n - d e t e r m m e d l i p i d c l a s s e s -

t o f luoromet r iGal ly -de te rmined ch lo rophy l l a. 

•tttr*'The r a t i o ' of t r i g l y c e r i d e t o ch lo rophy l l a. 
a. 

(c) The ratio ror the sum of triglyceride and phospholipid to 

chlorophyll a. 

^ 

.t> 
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-W&Quze 3=9 
<•»-> 

L i p i d c l a s s e s a s a f u n c t i o n of grox7th r a t e . -Broken l i n e s a r e 95%, , 
° i 

confidence'intervals .for the regression J.ines. 

£ 
(a) Chlorophyll a per c e l l . 

Xb) Acet One-moblie po l a r l i p i d s per c e l l . 

(c) S t e r o l s per cel lT 

x *-

<D 
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The decrease in -total lipids per cell and in total lipxd productivity--, 

4 ft. •*-« ' i * . 

xjifh increasing nitrogen-stress (Figs. 3«-5b£ 3.7S)/̂ app-ear§» td^be in 

direct opposition to currently held viex7S concerning lipid producti^Sn 
f ' f ' * , * * % * 

in (nitrogen— limited phytoplankton. -The lack of any significant 

increase in the production of total dissolved lipids- (Table~*-3-t.5) does^ T'* 
» .*• .-•*• * • « , » • " ' 

"not seem.to support currently, held viex?s concerning the prodvlcti'dn of' ,„_ 

I . . "- - - * 
dissolved organic matter by nitrogen-stressed phytoplankton. What is- *, 

1 >. *%-
clear from these'data,, hox7evers i s that the re ' i s a* ehafrge in t.he 

*-->* ^ -<*» *̂** * 
types of lipids produced as P. tricornutum makes the transition -#ronT % -

J « _ _ . ̂  ^ , 
> • "*̂  •* I. c •> » ** • 

grox?ing in nitrogen-replete media tj.o nitrogen-def ic&ei3£ mad4a. o 
• ^ . - K 

J? 

** «&. 

Different classes of dissolved lipids axe produced undent, these t<7o 
. . . $ • ' - * * • * * ' 

'*** conditions (Table' 3.5). Part iculate t r iglycer ides per cell -*arf4 v ' 

triglycerides „per/unit chlorophyll^ a both ^increase V|gn^£ic%ntly as* 

* • * * * *° "' J ^ * " / „ •/""' u * »v "•? 

the5 amount of nitrogen used per'cell decreases"'(Fig. ,-3.6b0c). ""* '"%" 

Bj? comparing total lipids to chlorophyll a and nlottitlgt these dat"& •* 

as a function of th£ concentration of nitrogen lef t i$ ^-ifte m6d±um^ ^ ^ 

o (Fig. 3a8a) i t i s possible to make a direct cprnparisoa xj'ith fctore-j <. 

conventional measurements made in cultures and ,jin**- the field. 

Chlorophyll a is often used as a reference for measureme«1&s0* if *not , "Z ^ 

numericallyo at least conceptually. TKe •c;bure,ewor- p'hyffioplankton* *v \ 

blooac is usually foUotrdd by-sneasuring chlorophyll^ cbtiCentrations . ? , - . , 

in the xjater coluEurio and. other <g*reanic classes are -offerr expressed 'in 

CLo.to these concentrations; The consent ration of- surplus nitrogen **" ' 

in tfib effluent frpa .the tutbidqstats taost nearly - appro*s£imates ''She > 
,1 " 
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4 - -* < 

* » ̂ concentration that .nould be measured in a samp!# of seaxjater taken 

\ \ _ ' " « . 

*• -v **<" >~ from ,a-culture c% from the euphotic zone during a bloom. Under these 

** ̂ conditiQns xt*c can'be §een that total lipids $o indeed increase uith 
**- ^ -> •-. «s £. v* .» „ , *i * *„. -*• 

,w< ""̂  3̂. -^increasing mtroferr-stEe'ss (Fig. 3.8a)0i This i s . evidently the result 
^ ^S?'^ ,.« * ' * « , 

-. > - ** * « 
%f chlorophyll a levels in cells being Mmprel sensitive to nitrogen 

•-"* i.* i f f ^ 

^ r " 
depletion than af© "Other lipids,. * ~, . \ 

f> 

« •-1 The "maximum leve'i- of ^total*. lipid x7-as seveij times the chlorophyll a 

"<f* \concentration (Fig. 3^8a). *S±tfcVtatios of'tt7o orders 6'f magnitude 

ancf more .̂can* be^cal-cutated from measurements made during diatom 

blooms m enclosed ecosystem bags (Morr.is et al.D '1983) and in the 

• » . " * * v . o . 

» ~ f i e l d ( C h a p t e r / 4 ) t h e d i l emma-JLs s t i l l u n r e s o l v e d . N e i t h e r i s t h e 
*• " » - •* «- * - t ' % -

,v • *' .. a n s u e r s i m p l y t h a t P^ t f r icornutum 'Jts a s p e c i e s t h a £ does n o t respond » 

d r a m a t i c a l T y to . , t ni t ro§fe -n d e f i c i e n c y . S i m i l a r l y h i g h l i p i d ^ t 

" ' ^ " <* 
c h l o r o p h y l l a r a t i o s can be c a l c u l a t e d f o r P. " t r i c o r n u t u m <from d a t a 

'- "*- . 
presented by Thomas et al. (1984), Th'e ansx7e*r probably lies in the' 

•t ' • 

culturing system1 used here. Richardgon et al. (1969) \7ere* also unable 

, to increase lipid content in their continuous cultures. Both Shifrin 
. i *- ^ J' * ** *" 

and Chisbolm (1981) and" Thomas et al. (1984) employed combinations of 
» s 

b^tch and--continuous cultures and found the highest l ipid content-

%• 

o 

. o*ccurred after the longest period of time in nitrogen free batch 
' * . " « • * * 

. c u l t u r e s . , *~ „ , 0" >> . . 
* * • » . •> 

In 'this "cage cult,ure study i t was found that a supply rate of '-* 

'nit-rogen th'ait*x7aB' any louer than the lowest used x?ould reo'ult in the 
- * * ' - ' y <-

' halJ;ing^of cell division. S,imila"rly0 Richardcon e_t<j£l. (196S1) found 

' fta-t 'they'coul'd^ no,t further reduce the nitrogen oupp^y'to their 
* * ' l * * * " * ' 

1 . ' ^, 

file:///concent
file:///7ere*
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„7 - cfiemo$|iats x7ithout losing the cultures.* It iiould ŝ eefir t:herefore~, that 

* phytoplankton eelIjS have, to atop dividing before .there.-cap hê  any , *• 
'•. - • , S - - * "" -•/ - " , *«". - " • M " * , , „ , : 

? ^ 9 ' *'*« " • ' - 1 , - ^ * - °*. ' - * ! ? " • " * ' • ' . 

^ n BLfssive a'Ccitm îlat-ion of lJipid. " M^roscoo-lc'.bbrsejrvatipns oy 0p<ute» 

~ (l§74b) v̂jggest,* that diatom .cells a -̂cumulafe *flargeS l§vel^ of ^.lpids t > 

at Jhe end df^Jthe,stationary phase in bat-ch tultxir^s. Op-ute (1974b) » 
*** * * J* » i? ^ " " * ' *̂  T* 

also ~p"re^^nted some evidence to suggest^ t-Jia? aan -^uto,-toxift ma'y "be % 
> - , * « f s " * • - ' * " > « .. » " a * , >• 

- * ^ ^responsible for -the-prevention ofS-cell divisions "at*-* t&is stage. This""*-,' 

r- ' " x7oulNdvb© consistent xjith the general observation .that" i t is not r * 

^ i * * * 

i f - » 

po&sible to produce large 'accumulations of lipids in algae igrox?h in „ 

continuous cultureS0 and t'hat tlie greatest accumulation of lipids-- •*-* 

OGCWS X7hen algae have^been in the .same" medium for th^greate^st 

length of time,.^ "* „. . . "y J\~ '' , j """ •' ' - •# ^ 

Cage culture turbidostats coul°d be useful in deciding X7hether̂  they, ». * 

dilution of extracellular products is an, impdrfeant' factor i^-inducirtgl „> »' 

«* * . * * J ' ' ' z * 
physiological or morpbological changes. By aontinuouirly supplyi,ng-

* * x * *- ' 
-medium trith %o nitro^ei^to a cajge culture^^turKidostat^it^ X70°uld̂  b*q„ , 

possible{ to obse-rve, a population^of. highly stressed diatoms x^ithotit 
*• J

 r f « 

fear of'cu^ture lQ'ss"ae- X7ouId be the case in ar chemostat.^ By "halting V.e r ;> 
, / * - - - > • <« j * " , . ~- <J *. 

the flox? of this medium the cage culture turbidostat t-rouliS, reve'rt. to"* r-
.' * ° " . ' - ' - v ^ „ 

, ' * ^ >* * -a ™ * - -> ' JP < *» \ -

.^operating l i l ^ a conventional-t^rbidpst^tD or ip th^^eag^nof * -̂fctqjaeV ^ 
- ' • v - * . . r < . £ * ' ^ ^ > --

nutrient deficiency,, li!?,efta batch ,sult;ure in -it:s s-tatidnaryphas'e. «• .4 

•** • ' • - . * * * » * - J 

< ' ' *" / -, • *̂* ** ! < 

Undt*>r" these circumstancas0 "-e'stttacellular products jcjould build up in*-- * .--•? . J - u « ' e-

th& mediua* and'tjieit effects on the cells could" b,e 'mortit or ed". ""* J . 
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I . ^ 3 ,4 .1 . I n t r a c e l l u l a r " l i p i d c l a s s e s . 1 *• " ' "" ' 
"J'- %v >•' .' <* 

J k ^The s t r o n g - n e g a t i v e c o r r e l a t i o n b e t u e e n 1 t r i g l y c e r i d e ' s and 

"', ' / •- "V ' ' - / • ' ' " , , , ' 
«"-« • *r . ". VJ p h o s p h o l i p i d s / ( T a b l e 3.2) sa igges t s a „ s i m p l e ' mechanism t h a t would l e a d 

' *» ' -""? <• » I t o r the ;*accumula t iQn of t r i g l y c e r i d e s i n n u t r i e n t - d e p l e t e d c e l l s . Thev 

• - ' ' -• ,( " Mr I1 ' f ' 

C- >? ,. *%? -**> m a i o i ? p a t h x 7 a v * o f COo f i x a t i o n i n P. t r i c o r n u t u m i s i n t o 3 - -

j/',"--T T , ^ , 'A pho*sp ,hd1gly-Cer;ate (Ho ldsx7or tK"and Co lbecko 1 9 7 6 ) . T h i s i s a d i r e c t 
* / * ; / / -; ' " " J » -
- p r e c u r s o r of " p h o s p h a t i d i c ' a c i d , xyhieh i s i t s e l f a p r e c u r s o r of b o t h 

, i * > * - * * * * * t \ 

E . ' > * * • * * • • > • * . . . . * V . . * 
* v -At 

$• v* • * ̂  y, I 
»*• ' -* . . - n recurs 'o 

*"*? .'*•-;' * C o m p l e x ^ p h o s p h o l i p i d s and t r i g l y c e r i d e s ' (Gur r and J a n e s , 1980) . v 

. ^* ,. "S> v ^Leci^hins . a r e of© major p h o s p h o l i p i d s - s y n t h e s i z e d i n P;_ t r i c o r n 

, r , * " . • 01M-ds^x7!orth and Colbeck0 1976) . These p h o s p h o l i p i d s c o n t a i n e q u i m o l a r 

- >-v, 
t i "'* propc>r*t:ions of phosphorus and nitrogen,, and so th-ej.r synthesis in 

•1 ."-- i * • ~7 ' nitf"og*"en-limit ed cells is- likely to ba hindered. In 'addition, .the 
*J * " *̂ , ' > *» ' 

N3*- * * rZ •- rii'trogenous b a s e c y r i d i n e i s " a n e s s e n t i a l " c o f a c t o r i n t h e 

( 3x* '""« " • . - ( . . * b i o s y ' n t h - e ^ i s ovf a 1.1 compllsK p h o s p h o l i p i d s f rom p h o s p h a t i d i c a c i d N 

'- ^Jv"* * i"'- "" (Gy.rr and James , ' 1980;* Goodx7in ,and Merce r , 19.83). Th i s i m p o r t a n c e of 

", , ̂ T »*'i''- *^ --*> n i t r o g e n r h phosphol . ip id b i o c h e m i s t r y p r o b a b l y e x p l a i n s t h e d e c r e a s e 

'-. - ^- - / _ V j l < •- * i n . p h o s p h o l i p i d c o n t e n t i n n i t r o g e n - l i m i t e d c u l t u r e s " ( F i g . 3 . 6 ) . 

/T '. J,-* ' " S i n c e p h o s p h o l i p i d s and t r i g l y c e r i d e s have common p r e c u r s o r s i t i s 

\ * ' / <- »"^ r e a s o n a b l e t o assume t h a t t h e common i n t e r m e d i a t e s a r e l i k e l y t o be 

\ - j . f\ ts c h a n n e l e d <tox7ards t r i g l y c e r i ^ e v syr i the&is i f p h o s p h o l i p i d s y n t h e s i s i s 

h ' i / i ^ e r e d i i f s t h i § X7ete ( t h e o n l y r e a s o n f o r t h e s y n t h e s i s of 

. t, - t r i g l y c e r i d e s t h e n ^ t h e sum of t h e t r i g l y c e r i d e and p h o s p h o l i p i d 

; < *? , 
v \ c o r i t e n t s "should r e m a i n r e a s o n a b l y c o n s t a n t ove r t h e ant? . re range of * *• 

" , *' . N i i 

"_ ''t"*
<: -̂  ; nitrogen 'supply rates.. Figure 3.8(c) indicates that this is not the 
c " .''•" '/ r '' 

*"-•' r -*» ** J case. The increase in triglyceride content is greater than the-

* * •» • . • * > 
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x v . , ' \ • \ ' •; 

decrease in phospholipid content. IThis could-be*-the ' res"ul,t-of an 

- ° , ' * " ' " \ ' % 

inability to synthesize other rJitrogen containing compounds and of 
f - - - - - * , - % - v y 

having other intermediates channeled towards triglyceride synthesis. 
:w- [ \ - ' > , . ' / . 

T̂he synthesis 6f triglyceride under conditions of lot? nitrogven 

supply and lox? nitrogen usesis such"1 a clear signal (Figs.* 3.3, • 
• * - y * r ' s 

3.6b,c„ 3.7c„, 3,Sbŝ  Tables 3̂ ,2, 3.4, 3.5) that„it may be possible to *M 
' » > ' * L > , 

I _ **- o* ^ *•- > V 

use triglyceride measurements to help ^indicate--x7h"ether natural' 

' * " ' i l r ^ ' *. t 

phytoplankton* populations are stressed, .Jligh <levels ' of .triglycerides 

s * ' * - ' 'l ' \ 

"have indeed been -found after the time of the' maximugi measured • 
, v -* wi -* 

chlorophyll a' concentrations during spiring b-loomst-m Bedford Basin^ 
(Chapter 4). Thus the determination of lipid cla*ss concentrations 

' * '. ' 

> could provide a' useful addition to 'the biochemical indices sus"ea to 

assess nitrogen deficiency^and grox7th rate j»n natural populations, 

(Dortch et al., 1985). ' % " 
• ' < 

The acetone-mobile polar'lipids also gave a clear^signgl, . bute one 
* ** -» 

that X7as different from that observed x?ith triglycerides. The 

decrease in total lipid per cell X7ith increasing nitrogen-stress 

(Fig. 3.5b) reflects the pattern observed for AMPL x?hich X7as0 on 

average, the ma*jor component of the lipids (Fig. 3.3). This class of 

lipids accounted for 34(j-4)% of the lipids over ths, complete range of 

nitrogen supply rates. Chlorophyll a X7as clearly a component of this"~ 

band on the Chromarods, and by comparing fluorometric chlorophyll a 

values x?ith AMPL values i t t7ould appear that CHL accounted for about 

5 0% of the AMPL peak in nitrogen-replete cells (Table 3.3). I t is 

thus not surprising that these tx?o values are correlated (Table 3.2), 
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v 

a n d t h a t i"f one i s ' c o r r e l a t e d x? i th grox7lJh so i s t h e o t h e r 

(Fig* 3 .9a ,b ) . The s t r e n g t h of trie r e l a t i o n s h i p X7ith each o t h e r and „ 

x>7ith grox?th sugges t s , hox7ever, t ha t the o ther 50% of the AMRL.peak i s 

a l s o c l o s e l y r e l a t e d t o c e l l r e p l i c a t i o n . The ' remaining components of 

t h i s peak undoubtedly inc lude g l y c o l i p i d s , the slo-called ' ch lo rop las t 

l i p i d s ' (Gurr and James,*-1980). S p e c i f i c t y p e s of g l y c o l i p i d s , , t h e 

g a l a c t o s y l d i g l y c e r i d e s , a r e u s u a l l y t h e p redominan t l i p i d i n . 

c h l o r o p l a s t s ; they bs^e 'been shox7n to be synthesized by the membranes 

of t h e c h l o r o p l a s t e n v e l o p e (Goodx?in and" Mercer , ^l^SS). These 

g l y c o l i p i d s have a l s o been found t o be the most important products of v 

l i p i d s y n t h e s i s m . F . t r i cornu tum (Holdsx7orth and Colbeck, 1976). 

The s t r o n g , r e l a t i o n s h i p betx-jeen s t e r o l s , xyhieh a re a l s o "membrane-

a s s o c i a t e d , and groxfth * (Fig . 3.9) i s a l s o of i n t e r e s t . In Bedford 

Basin, s t e r o l concen t r a t i ons x-j*ere found to be s i g n i f i c a n t l y h igher a t 

t h e t i m e of s p r i n g b looms t h a n a t o t h e r t ames (Chapter 4) . S t e r o l s 

may thus be another useful i n d i c a t o r of a c t i v e l y groxjing microbial 

c e l l s . 

? , " 

I n tx70 d i f f e r e n t c u l t u r e s P. t r i c o r n u t u m , X7as obse rved t o change 
i . .,. — .I — , i , , ,, **• < o •* 

T 

from i t s normal un ice l lu i&r forms t o . a chain-form f i f s t ' repor ted by • 

Cbughlan (1962). I t X7as u n f o r t u n a t e l y no t p o s s i b l e t o measure t h e 

amount of l i p i d p e r c e l l i n t h i s c h a i n - f o r m , but t h e p e r c e n t a g e 

composi t ion x?as s i m i l a r to t h a t of the u n i c e l l u l a r form taken from 
- ' ' 

o t h e r c u l t u r e s being suppl ied x7ith the same amount of n i t rogen but a t 

a d i f f e r e n t t i k e d u r i n g t h e e x p e r i m e n t . Thusj> a c h a i n - f o r m from a 

c u l t u r e t h a t had a s l i g h t l y h i g h e r supply > of n i t r o g e n had*lecc^ 
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X 

triglyceride and more polar lipid than the chain-form from a more 
•s 

s t r e s s e d c u l t u r e (Table 3 ,4) . The c h a i n - f o r m s o c c u r r e d X7hen t h e two 

t u r b i d o s t a t s t h a t X7ere i n o p e r a t i o n a t t h e t i m e xrere b e i n g s u p p l i e d r 

- X7ith tx70 d i f f e r e n t - e n r i c h m e n t s of, n i t r o g e n m d i a l y s e d seawate r* from' 

t h e same s o u r c e . I t does n o t seem t o be t h e e x a c t amount of n i t r o g e n 

t h a t , i s c r i t i c a l i n t h e f o r m a t i o n of c h a i n s , n o r w e r e b o t h t h e s e 
»\ *-

c u l t u r e s b e l o x ? a t h r e s h o l d o f n i t r o g e n s u p p l y s i n c e i t , w a s 
*\ -

s u b s e q u e n t l y p o s s i b l e t o m a i n t a i n n o r m a l u n i c e l l u l a r f o r m s f o r 

e x t e n d e d p e r i o d s a t even lox?er n i t r o g e n s u p p l y r a t e s . I t x-7oikld seem . 

t h a t some o t h e r c o m p o n e n t - i n t h e b a s e - m e d i u m X7as r e s p o n s i b l e f o r t h i s 
\ i . • * t r ans fo rma t ion . r 

t« 

. • • ; • • . 

3.4.2 Dissolved l i p i d product ion \r/ates k , 

For d issolved l i p i d s , the abso lu t e product ion r a t e of t o t a l dis-solved 
+ * „ 

l i p i d pe r c e l l does n o t seem t o be i n f l u e n c e d by n i t r o g e n - - s t r e s s 
> > \ b 

( T a b l e 3 . 5 ) . H o u e v e r , i t d o e s . b e c o m e % s i g n i f i c a n t l y ^ l a r g e r 

p r o p o r t i o n of ' ' t he t o t a l p a r t i c u l a t e l i p i d p roduced . The p r o p o r t i o n -

r o s e from about 10% to about 25% under n i t r o g e n - s t r e s s . These v a l u e s 
* • * * ' ' * . . • * 

a r e q u i t e c o n s i s t e n t t7ith most e-stimates p!rr*the percentage ,of f ixed 

c a r b o n t h a t i s r la^eased e x t r a c e l l u l a r ! , y by n a t u r a l p o p u l a t i o n s of* 

p h y t o p l a n k t o n grox7ing unde r r i u t r i e n t - r e p l e t e and^ n u t r i e n t - s t r e s s e d 

c o n d i t i o n s (UangerskyD 1978), I n c r e a s e s i n c o n c e n t r a t i o n s of 

d i s so lved l i p i d s a f t e r sp r ing blooms (Morris e t al,,, 1983 s JCattner e t 

a l . , 1983aj C h a p t e r 4) cou ld s i m p l y r e e l e c t t h e lar-ge number s of 

c e l l s t h a t were i n the X7atisr columns immediate ly p r i o r t o t h i s po in t . 
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Kattner e_t al. (1983b). found large accumulations of .polar-4 lipids 

after blooms. In Bedford Basin, phospholipids were found to be, a" 

signifioant contributor to the increase in polar lipid's after the 

bloom ̂ (Chapter 4). •'Elevated levels of dissolved- phosph61 ipid' 
-

product ion a s a r e s u l t of n i t r o g e n - l i m i t a t i o n (Table 3.5) m-Lght seem 
* ' o , • 

incongruousi. Hox-irever, " i f n i t r o g e n - l i m i t a t i o n hinders the production 

of'"complex p a r t i c u l a t e ..phospholipids from p h o s p h a t i d i c a,Gid (which 
v ~ • ^ ** 
does not c o n t a i n , n i t r o g e n ) t h e n a b u i l d up of i n t r a c e l l u l a r 

- p h o s p h a t i d i c a c i d ' . i s ' l i k e l y t o occur . P a r t of t h i s cou ld go t o the 
* c 

" ' p r o d u c t i o n of, t r i g l y c e r i d e s , th,e - r e s t could presumably be re leased 
» ' *" " T 

' e x t r a c e l l u l a r l y . , 

* *• . • , - ' 3 
' * v The product ion of f ree f a t t y ac ids was ,also s i g n i f i c a n t l y higher in 

n i t r o g e n - s t r e s s e d c e l l s <£?Tahle 3-.5).' Th i s might be an a r t e f a c t * 
**•" " . 0 l " * 1 

i ' related to the significant increase in phospholipid productidn, since 

* '-It is possible that a portion of the extracellular phospholipids are 
„ » 

rapidly hydrolysed to produce free fatty acids. 

'. > 
" « ^ - •"' 

*- \ *• ' ' 
3 .5 Swan-airy and- Conclmsiora 

In Phaeodac ty lum f r i c o r n u t u m s y n t h e s i s of a storages-component, , 
< . * *" 

, t r i g l y c e r i d e s , i s c l e a r l y t r i g g e r e d by n i t r o g e n - s t r e s s . The yield^ of 

v^ * . * 

t r i g l y c e r i d e s i s h i g h e r a t the , lox7er l e v e l s ^ o f n i t r o g e n supp ly and 

> n i t rogen use per c e l l desp i t e lower grox7th rat 'e^. 

The m e m b r a n e - a s s o c i a t e d p o l a r l i p i d c l a s s e s a re a l s o affect'ed by 
> 

* n i t r o g e n - s t r e s s . Their l e v e l s 0 hot7ever„ a r e reduced This r e s u l t s in 
- t h e t o t a l l i p i d p e r c e l l d e c r e a s i n g x7ith a decre-as ing supp ly of JJ 
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" •> . i ' . » ' , , _ 

\ ^'" .» . * ,"-' , 

' nitrogen t'b the cage'cultures. The production rate op total dissolved * < 

lipids does not seem to be affected by stress; hdweŷ er̂ - ther'e-a.re'' -

differences m th'e types' of dissolved classe'S produced sinde.r» 
4 - * ' - - • * . -.* f 

nutrient-stressed and nutrient—replete conditions. *; "\ . ^ ° 

% 

/ 

i 

a s . >'- • . . . « • • * ; «f 

? » , ' 

* / K ; 

* • 
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' » ^ t i ' , * ' -
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v V . , 
i fc ' T V " " 

; * • 

• 4 . 1 Iffltirodmet^biiiL 
& .- -c? 

Large inc reases in,numbers of macroscopic p l a n t s a re common in mid-
i * 

l a t i t u d e and higfcr-latitude ,waters in the spr ing. Enhanced sunlight, , 

- f e w e r s t o r m s and h i g h n u t r i e n t l e v e l s e x p e d i t e t h e c o n v e r s i o n of 
' J , 

c a r b o n d i o x i d e t o c e l l u l a r m a t e r i a l i n t he p h o t i c zone . R a d i a n t 
Q * J - * * u 

„ energy i s u=sed by photoautot rophs "to reduce CĈ  t o organic molecules 

^.composed of ca rbon , hydrogen and oxygen. These e l e m e n t s , t o g e t h e r 

- x?i th o t h e r s o b t a i n e d from t h e a s s i m i l a t i o n of inorganic n u t r i e n t s , 

a r a combined in v a r i o u s p r o p o r t i o n s t o form' t he b a s i c c l a s s e s of 
« • , *" 

compounds necessary for l i f e . _ \ 

T ' A s t h e p l a n t bloom p r o c e e d s , " i n o r g a n i c n u t r i e n t s become, deple ted 

X7hile l i g h t i n t e n s i t y i n c r e a s e s . Under such c o n d i t i o n s jit is* 

, r e a s o n a b l e t o assume t h a t p h o t o a u t o t r o p h s favour t h e s y n t h e s i s of 

compounds composed so l e ly of C, H and Os these e lements a r e alx7ays in 

p l e n t i f u l s u p p l y i n m a r i n e e n v i r o n m e n t s . Most - l i p i d s a*id 

c a r b o h y d r a t e s a r e composed^only of t h e s e t h r e e e l e m e n t s . Both of « 

t h e s e o r g a n i c c l a s s e s c o m p r i s e e s s e n t i a l energy s t o r a g e and 

a t r u c t u r ^ a l compounds. They d i f f e r v i n tha*t l i p i d s a r e c o n s i d e r a b l y 

- m o r e r e d u c e d , and as a r e s u l t , l i p i d s can be o x i d i s e d t o y i e l d more 
* t h a n tx7ice t h e amount of ATP pe r gram. L i p i d s a r e a l s o more 

* «. , * 
*-

heterogeneous: they lack a X7ell-defined saonomeric un i t . 
«i * 

k v 
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Members of different lipid classes can be distinguished according' 
i * 

to the types and proportions of elements pres'ent in the molecule. ° 
' ' - ' * - • • . » 

*-* -". 
Lipid c l a s s e s vary in the propor t ion of oxygen in the molecule., frctm 

- hydrocarbons X7ith none, t o g l y c o l i p i d s xyhieh contain monosaccharide 
**• - * » . 

un i t e . T r ig lyce r ide s^ which a r e important* energy s t o r a g e compounds, . 

a r e about ha l f-x7ay dn betx7een. Phosphorus a n d - n i t r o g e n a r e a l s o 

c o m m o n ' c o m p o n e n t s of t h e more p o l a r l i p i d s , X7hich i n c l u d e ^ 

c h l o r o p h y l l s and p h o s p h o l i p i d s . P and W o f t e n a p p e a r t o g e t h e r i n 

p h o s p h o l i p i d s X7hich a r e e s s e n t i a l c ^ n s t ' i ' t u e n t s of a l l bi_plog:i.cal 

membranes. The o n e ' f e a t u r e t h a t u n i f i e s b iogenic l i p i d c lashes i s t he 
* , *>' „ 

presence o f a high p ropor t ion of CH2 groups (Chapter 1). 
r» 4 * v 

Since^ t h ^ r e a r e cons iderab le d i f f e rences in both t h e s t r u c t u r e and 

f u n c t i o n of t h e v a r i o u s l i p i d c l a s s e s (Chapter 1 ) , "i t X70uld seem 

l i k e l y t h a t the s y n t h e s i s of i n d i v i d u a l c l a s s e s x-rould be favoured 'a t 
'*" mS-

d i f f e r e n t t imes d u r i n g ' s p r i n g p h y t o p l a n k t q n b looms . Thus, no t on ly -? 

can one expect to see v a r i a t i o n s in t he p r i n c i p a l b iochemical c l a s s e s 

a c c o r d i n g t o n u t r i e n t a v a i l a b i l i t y , b u t a l s o i n i n d i v i d u a l l i p i d 

c l a s s e s . " v ' 

E x p e r i m e n t s xj i th a d i a t o m - d o m i n a t e d bloom in a l a r g e e n c l o s u r e 

• . • i 

shox7ed t h a t x?hen n i t r a t e became a l m o s t u n d e t e c t a b l e , the^re X7as a 

l a r g e ' change i n CfsN a t o m i c r a t i o s i n p a r t i c u l a t e m a t t e r ; t hey 

i n c r e a s e d * from 3.5 t'o 17.5V"* (Ant i a e t a l , , 1963s Banse", 197 4)* 

"3- * —**• v . „ 

Carbohydrate levels have also been found to increase significantly in, =-* 

*' ' - * / x y 

such experiments (Anti,a e t a l , , 1963s St/eickland e t a l . , 1969^ Morris 

f0z2L ii£o° 1983), T o t a l l i p i d s , howe^**e'r0 have not shown a un i fo rm 
'? 
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r e s p o n s e , . C e l l u l a r l i p i d l e v e l s have remained v i r t u a l l y unchanged * * 

- v a f t e r n u t r i e n t s have become d e p l e t e d (Ant ia e_t a l . , 1963) , or they 

have shox?n a small (<30%) inc rease (S t r ick land e t a l . , 1969), or e l s e 
« " l-

t h e r e has been a s u b s t a n t i a l change (Mor r i s eta. a l . i , , 1983), one t h a t 

*-* wouldr amount to ajore than a 100%*"increase per c e l l . These d i f fe rences 
. < " • ' * ' i ° »i. 

* -, Z • 
n could simply -reflect the responses of the d i f f e r e n t spec ies present 

i n each e n c l o s u r e . I ndeed , g iven t h e deg ree of v a r i a b i l i t y in g r o s s , < 

_ , ^ b i o l o g i c a l p a r a m e t e r s among r e p l i c a t e e n c l o s e d ecosystems (Cooke, 
J 4 r 7 « » 

/- 1 -11 A'197 7j Hurlbert, 19 84) one might not expect much similarity in lipid 
$ *, - *̂' '̂ *' 

u v _ t„- r e s u l t s from d i f f e r e n t s t u d i e s . A l so , d i f f e r e n t a n a l y t i c a l methods 

u 
i-jere used t o measure t o t a l l i p i d s in the enclosure experiments . The 

J, & G> 

problem t7ith this is that rapad or simplified methods for total lapi 

content often respond only to certain functional groups,, and thus are 

more representative of one lipid class than another. •*> 

*> &. 

With the use of more sophisticated analytical technique's it should- ' 
-"• ' x , 

e Jt " ^*J *" * 
be p o s s i b l e t o overcom-e any d i s p a r i t i e s in t b e r e s u l t s of enclosed-.-, 

•a. * 
* * •» 

^ * - V 

ecosystem experiments that are a consequence of methods for tot'al * 

l i p i d s . -\En a d d i t i o n , a t e c h n i q u e t h a t measu re s ind iv idua l 1 - l i p i d 
-

c l a s s e s .should r e v e a l t r e n d s o t h e r w i s e masked i n t o t a l l i p i d . 

x measurements. One such technique i s the Chromarod--Iatroscan (TLC/FID), 
\ / * * ' - • x , " , * ' ' V 

s y s t e m , X7hich has- b e e n u s e d ' t o m e a s u r e p e r c e n t - l i p i , d c l a t s 
-> * „ "". 

co-m-position during-*a d ia tom bloom i n an e x p e r i m e n t a l e n c l o s u r e 
. ,* * . * > * <* 

( M o r r i s e t al„„ 1983). I t was found t h a t t h e dominant p a r t i c u l a t e 

« ' l ' ' • JT' " ** 

' l i p i d c l a s s x7as o r i g i n a l l y t r i g l y c e r / i d e , « then i t ,chang.ed to„, 

phospho l ip id -*dur ing t h e maximum p e r i o d of grox7th„ and f i n - a l l y t o 

^ / V 
* — \ 
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\ 

X \ 

^ . 1 4 4 
K"-*> 

_ ^ I 

triglyceride again after nutrients had become depleted. TLC/FID x7as 

also deve-1-oped (Parrish and Ackman, 1983a) for the measurement of" 

absolute- l^pid class concentrations in' both the particulate and the 

dissolved 'fractions' (Whitehouse et al . , 1984s Parrish, Chapter*T)*-*-
* , - , ' -.'• *' 

of seat7ater. Th)a present stqdy involves, th'e use of modifications 
' * • " • ' . *- %. - v 

(ChapteT 2) 'of previously'described TLC/FID procedures to measure 
^ v , - ' 

dissolved and particulate lipid class concentrations during diatom! 

blooms. The measurement of dissolved'lipids during blooms is also of 
v-

\ 
\ 

par t i cu la r i n t e r e s t because i t i s -be l ieved that increased 

extracel.lular release of organic compouhds occurs as a result of 
- -I _, *' \ ** 

nutrient stress (gangersky, 197 8; Jensen, 1984), and i t would seem l 

lr • , ' _ '„. * f 
^ ' ^ ' ' > i 

,that w'heri N' and P are. lacking, 'lipoid conpounda-rcould be 
- \ " x * ' 

'• / s-
_ - ' ' • " - _ _ -r V 

preferentially released^ s * 

- ( To- examine further the patterns in lipid levels during blooms and 

v specifically in response .to varying- nutrient concentrations i t is 
' ' , ' * v . '" , ' ' ' * / * 

possible* to use environments that are both simpler^ and 'more' complex \ 
'* ' ~ • , ,- i ' ' ' " • ' - . / 

an are'foUnd in enclosed ecosystems.* By groxring a single/species-of 

>L / 

,-/ N'"V -. ' Jth 

<£& 

' i, phytoplankton in 'a highly cohtrolled environment i t should*>be' -

possible to 'examine the rate of production of intracellular and 

- . ' ' ' ' ' ' : :-v ^ . . - - ' . . ' " - . , - - - - - - ^ , 
* > • e2s:trac^llularA lipids as a function of th^ .irate of supply of 

T ~ *" ** 

-nutrients', provided al l other (variables .aire kept constant, "This 

f* ,. ** "// * degree' of control can i%& obtained with cage ci-lture turbidostats 

i '. • ,(Uarr.gersky et, *al,0 submitted)-, t7hich provide ~a -means of* ma-uit;aini'ng a " 

,( A '', constant "pdpulatioh density^ x?hile preventing the* accumulation, Q£ 
* " . " - i * x , ' ' i •* » * 

/ '. e*rrudation* product^ in the medium. Using this - culture technique i t was '", 
i -> y - * *" . * > 

7 " - * ' ' - : • 
y / ' ''. ' -^ t -*" s .. * '-*• 
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* *" . 
<̂  

found t h a t the r a t e of production of*> i n t r a c e l l u l a r t r i g l y c e r i d e s in 
f 

t h e d ia tom "Phaeodactylum t r i c o r n u t u m i n c r e a s e d x7ith i n c r e a s i n g 

n i t r o g e n - s t r e s . s , X7hile t h ^ - r a t e of p r o d u c t i o n of t o t a l l i p i d s 

a c t u a l l y d e c r e a s e d (Chap te r 3 ) . The r a t e of p r o d u c t i o n of t o t a l 

*=-> " a * • 

d i s s o l v e d l i p i d s , hox7ever, d i d not; change.* What d id -change X7as t h e 

type of l i p i d compound t h a t was re leased (Chapter 3). 
* — 

In t he p r e s e n t , s t udy„of p a t t e r n s i n l i p i d l e v e l s a r e l a t i v e l y 
-. r . 

complex environme^:. has been* chosen. Samples x?ere taken a t regula r 

i n t e r v a l s and a t d i f f e r e n t d e p t h s d u r i n g s p r i n g diatb'ra blooms in 

Bedford Bai-Sin, Nova Scotia , Although t h i s environment i s v a s t l y more 

c o m p l i c a t e d t h a n any t h a t might be e x p e r i e n c e d in a l a b o r a t o r y 

s e t t i n g , i t i s s t i l l r e l a t i v e l y s i m p l e by oceanographSe- s t andards : 

t h e r e i s only a small freshwat *>r input t-o Bedfprd Basin and t h e r e i s 

orily a l i m i t e d exchange of seax7ater t7ith the open ocean.. The Bedford 

Basin spr ing bloom has prev ious ly been found t o hay,e P^ t r icornutum 

as t h e f i f t h most ' abundant s p e c i e s i n s u r f a c e w a t e r s '^P-lat t e t 

a l . ft 1973) and t h u s i t x?as a n t i c i p a t e d t h a t t h e - l a b o r a t o r y 

experiment? (Chapter 3)» t70uld be a t l e a s t in p a r t d i r e c t l y re levan t 

. to"»the s t u d i e s an Bedford Basin. 
• 

Unt i l nox?, „ the only comprehensive f i e l d measurements of d issolved 

and p a r t i c u l a t e l i p i d s during a spr ing phytoplankton bloom have been 

t h o s e of K a t t n a r e t aJL. ( 1 9 8 3 a , b ) . T h e i r s t u d y , a d e t a i l e d 
* , * • -s 

4 
description of fatty acid moieties in North Sea Samples, documents 

c \ 

changes i n t h e t y p e s of f a t t y a c i d s t h a t occur^ d u r i n g a bloom. They 

a l s o measured d issolved .acvl (R-C=0) l i p i d c l a s s e s in ' surface t?aters 
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•*c, 

during the bloom periodrM-Kattner et al.,Tl9 83bk, They fo'gnd that „fr«e 

" (npt e s t e r i f ied) "-fatty*"acids were"*the.maj or "dissolved acyi l i p i d s 
*• ' < * - ' - * - * « ' • • ) . - . » < ? * "' - « o , ' " 

present, and they db"se©reo! a maximum .concentration of free as X7ell &$>«* > 
* * - ' ••.» * " **-" *_ ** 

~ & * - ** . 1 _ " . . , 
t o t a l f a t t y aci-ds jus's after" the -period'of-maximum p^hytoplahk-^ohv 

" - .' * * • -* - * - '. - . ' t 
growth. Morris-et al» (1983) also regorded a peak in to^al, 'dissolved *». 

. ., ~ — —""""a V -_ «> . „ , * » "" . ' 

l ip ids j u s t after the chlorophyll a maxim? 'in' ,an ecosys.t,em,l*ag. The 

' "** < ~ _ ; ' ' * " " - _ \ « ". * 
present, "study i s the f i r s t to document changes in coifcentrations -c£ 43 
' « - ' ' * -** . « • „ V fc " , ** ™ < -

the complete ran^e of dissolved" and -part iculate l i p i d .clashes—du^ring--!—_ 
, "' - , . « ' ? ' . , '"-

a phytoplankton bloom. , '' . ' ' > c~ , 

,4,2 E le t lhods - ;„* , j . ' . • , ',/ . ' * , , , » , - - , "' **? "* %*- -"' 

To examine j d4.strilguti ons of marine" l i p i d c l a s ses djiring •sp^-fng,'̂ '* "'* 

phytoplanlc*to,n ^blooms,*-samples-t7ere .collected iri. Bedford Bay&.~B.ed̂ oj:d -.. 
•> < * ^ ' T * 

' - {* - - a-**- , **-•** 

Basin and Halif ax_-Ha'rbou.E-'-, Nova* -Scotia * (Fig. "4.-1}4. l-lost''~of ttfere* 
i - ' ' ••,' ' . - * - „ " « r ~ &-i ^ ^ - • 

- ' - A * , . * * i * : ~ * * \ <&< "' ^ *•' 

samples x?ere co l l ec ted in 'Be"df ord°fBas±TiD'i!a'rJsmall (17 km^J-Varine M \ * 
- -* * - "* ' ^ ' ^1 **-"* *"* ^>'P** 

in le t connected via Halifax Harbour' to thef At lant ic , Ralifai-KHa-rbo^r -.*, 

i s generally shallox7er than Bedford^ Basin and there -/is only limitl 'd 

^seawater exchange -bett7een the-,tx7o. This" exqhange bcc"urs 'through* The* r& 
** • - /,» te. , " e^ t. . . ^ , ( ^ " * . ---

>v -f^f' '* • * - .v-s^ '- ^ , •"* :*V»?v 
Warrox7S0 X7hich-provides an effective s i l l depth of. 20 m "and a*-fi.ift3,ia*ua-' 

- 1 * t * / J fc ; . * ? J ^ * . ^ - ^ 

' < I f f * " , fc 

to ta l x?idth of 375 m. The majbife.freslraater input to Bedford Basin, i s 
1 * " ' ' -> T , V" » ~a . •* 

from a -cingle small river, the Sadlcville River, via ^BedrVrd Bay. Tbo J-y-*>. 
"", . • ' - ^ '" ' -Y v " ' £ ^ . 

sampling s ta t ion used in Bedfprd' B.asin na$ located at i t s centre in * v 
* " > r<' % 

70 in of X7ajter. This s t a t i o n has 'been bccupied for other .studied' *"a 

., ^ 

d i r e c t l y concerned t7itn spring -phytoplankton blooms,i ' i^iatt e t - *-

ol . p 1973? Conover0* 1975g Conover and Ilayaaud"0 1984). wTĥ  present t , 
* •>« ** ' . ^ . . X 

«> ' 
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o 

5> 

J * -

s t u d y i s ^ c o n c e r n e d x7i£h sea jwafe^ . samples , t aken d u r i n g t h e s p r i n g 

• bloom.s* oE~1982 and 1984", and i t doncentrate 's ' -On'meakurements- t h a t * 

** '-. ' ' \ ' - -: *><C " * . - \ - -' 'T' V ' -
X7e.ee commoifi to bo th years . The ,detarm.inat-ibnfctx-neice made xrith bot t le 2 -

"*• , - " " „ ' ' - > - , " , -* ' fc ' 

tr-apped^fcfamples, arid' theX^t^udies foe-ussed on both the dissolved and 
* V ' 4 . ** .** f V J t , 

.* - . ' - ^ , , * - , ' * « / « 
p a r t i c u l a t e f r a c t i o n s - o f t o r g a n i c tna ' t ter as X7,ell aW, on d i s s o l v e d 

„ r , ' * . -» * ., a- f & » •. - * 
-, ' ». * ** - "fc, 

. :L-rtorgart--.c s a l t s , M.R. L e q i s ,a«d ,S. 1*.oy (both of t h e Depar tment 4af 
» **•** .. • ' *• * . «-*„-" * i- / » 

' . " , ' - - - * - *" 
@ceanogj;avphy^<i-Dal*ho-fcisiev^niver*-sity)'kindly provided, n u t r i e n t a-nd - ' t<» j - . . . • ' i 

,,„>* , ̂  n* * * ^ f l u o r o m e t r i c c h l b - e o p b y t l a .data,, t oge the r X7*ith information on in s i t u 

fiuorescence'„and , spec i e s composition 

V ' ? ~ " f -, fc ' 

/-*.* ' 4^-2A Spring blooms €982 > ' , - • 

• " - (-"* r ' *' Samples xjere ' c o l l e c t e d fo'r l i p i d a n a l y s e s i n t h e e a r l y a f t e r n o o n 
"fc ,v •*- - a~ \i : « * -3 * 

H ;„ ̂ e V e r y "2 - ' t o d a y s ov^r a perxod of 27- days" i n MarcK-and A p r i l . 
j * * * * * * * * 

^ .Sam-pling was, ©onducted from t h e M.V. Sigma T in t h e t o p 10 m of t h e 
' • a t . - " ' " . ' - • < - t ^ S 1 . V " " * , -

' '. *"* t7at.er column a t the cent re of Bedford Basin (Fig. 4.1). Samples X7ere 
. %. r , . *5 « * . ' ' -* A ** ft 

trapped in a conventional'3D 1 Niskin bottle at •t-he'5 bottom of the 
•> i n . . i/a "*-• 

v,;?'r »i»'—** eurfaCfce-^mixlsd l a y e r a - s ' d i s ce rned from t h e t e m p e r a t u r e t r a c e 6"£ , a 

, ^ - "r , J3uildl ipe- CST3D. The GSTD^-t^mperature p r o f i l e s and the exact sampling t »4-

* . 

"'deptlis "aki g iven by Ld t / i s W* a l . ^1984)\ On J u l i a r l day 91 an 
II 4/ ' ' ' " "f » ' » 

additional*"sample was ftol-xected a t 0.5 m. 

/**-* 

*̂» • V 
*"t 

3 r-

O 
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Once the X7ater sample X7as on board i t x?as t r a n s f e r r e d v i a s i l i c o n e 

t u b i n g t o p r e c l e a n e d and s a m p l e - r i n s e d 4 1 amber g l a s s s o l v e n t 

b o t t l e s . In t h e l a b o r a t o r y t h e samplea x?ere sx7 i r l ed i n t h e b o t t l e s 

and screened through *a metal s ieve (ca 250, pm mesh) before f i l t e r i n g 
•fc> J 

t h r o u g h p recombus t ed Gelman A/E f i l t e r s . Between 600 ml and^2 1 

§(usually 1.75 1) t7as f i l t e r e d for p a r t i c u l a t e l i p i d ^measurements, "and 

200 - ; 2 7 5 ml ( u s u a l l y 250 ml) X7as u s e d f o r d i s s o l v e d l i p i d 

measurements. All f i l t r a t i o n s and e x t r a c t i o n s x?ere done in t r i p l i c a t e 

o r q u a d r u p l i c a t e , and a t o t a l sys t em b l a n k t7as run for each s e t of/ . 
fc » •- , 

disso lved l i p i d ex t r a t i o n s , as X7ell„ as -for each s e t of- p a r t i c u l a t e 
" • ' ' ". ' 

extractions. , - *" 

All extractions x?ere performed X7ith cold dichloromethane that had' 
- **-

I , * t fc -^ 

been f reshly r e d i s t i l l ' e d under p u r i f i e d ni t rogen. Immediately before 

e x t r a c t i n g , a l l g lassx7are x?as r i n s e d X7.ith t h i s CH^Clo. D i s s o l v e d 

l i p i d s t7ere then exAfac ted X7ith%a - t o t a l ' o f 40- ml pf . GH2CI23 
p a r t i c u l a t - e l i p i d s xjith, a t o t a l of 20 ml.1 A l l e x t r a c t i o n s ' - x 7 e r e "• 

fc * ,-- . 
completed t7i thin f i v e houfcs of sampling^ during t h i s period exposure 

- ' ' * 
p f ' S a m p l e s and e x t r a c t s 'to l i g h t , , h e a t and oxygen x?as m i n i m i s e d . 

* * ^ ~ % • * - r " 

fc / • 
Chromarod " t h i n - l a y e ' r ch romatography and ' l a t r o s c a ' n flame,, i o n i z a t i o n 
d e t e c t i o n x?ere u s e d t o m e a s u r e ' t h e ' l i p i d c l a s s e s i n t h e e x t - r a c t - s . 

> 
4TLC/FID *t*,&s p e r f o r m e d x ? i t h C h r o m a r o d a S"I,I and a n l a t r o s c a n MK I I I 

Clatf-on ' L a b o r a t o r i e s , Tokyo) *u,sing' m o d i f i c a t i o n s "of p r e v i o u s l y 
« '. - , ' » 

d e s c r i b e d p r o c e d u r e s (Delmas e ^ a l , , 1984j > P a r r i s h and Ackman, 19'85), 

" ' ' " . ' <?> - \ * ' 
a s . d e t a i l e d i n C h a p t e r 2 , F u r t h e r i n f o r m a t i o n c o n c e r j i i n g ^ s a m p l e 

u o r k u p may^ a r s o be found i n \ C h a p t e r 2. 

, > ,r 
1 
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For the 1982 spring bloom samples?the total analytical precisfon 
b ' 

(CV) of b o t h t h e d i s s o l v e d and p a r t i c u l a t e l i p i d c l a s s . d e t e r m i n a t i o n s 
> fc 

u a s n o r m a l l y b e t w e e n 15 and 30%0 and b l a n k l e v e l s H e r e u s u a l l y b e l o u 

10%. 

4 . 2 . 2 S p r i n g bloom, 19B4 

The same s t a t i o n t h a t x?as o c c u p i e d i n 1 9 8 2 x ? a s h o c c u p i e d a g a i n i n 

1984, Samples f o r l i p i d c l a s s m e a s u r e m e n t s x?ere t a k e n a r o u n d noon, 

once o r t t 7 i c e a x?eek. T h i s 1984 s t u d y X7as p a r t of a l a r g e r programme 

' JL 1 d e s c r i b e d i n d e t a i l by Roy (1986.). The p r e s e n t s t u d y i s ma in ly 

concerned X7ith p a r t i c u l a t e sample^ c o l l e c t e d a t 5 m from Februrary to,. 

A p r i l in the cen t re of Bedford Basin. Fur ther d e t a i l s concerning the 

r 1984 sampling s t a t i o n s a r e given in the Appendix. s . v 

The 5 m Bedfqrd Basin samples provided the most 'comprehensive^time-
*~ , 

" T o r i e s of l i p i d measurements i n 1984. These samples x?ere .col lec ted in 

5 1 Go-Flo° b o t t l e s and processed for par i f ieula te 3*ipid measurement as 

d e s c r i b e d f o r t h e 1982 s p r i n g bloom and in *€hapte r*2. P a r t i c u l a t e 
*" -" 

fc% •» 
o r g a n i c carblbn (POC) and n i t r o g e n (POR)'".concent r a t i o n s X7ere aJ,so 
measu red i n these ' s a m p l e s . POC and PON. X7ere . d e t e r m i n e d a f t e r 

' combust ion i n pure oxygen i n a P e r k i n - E l m e r CHN a n a l y s e r (Model 
* j » • ' - -» 

2 4 0 B ) . C a r b o n and n i t r o g e n v a l u e s t7etsre, s t a n d a r d i z e d usi-ng 

cycl"ohexanone-2:4-dinitro-phenyl< ,hydraaone (BDH). 
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4 . 3 Eeo tml ta amd Wtxacuaaxom 

Diatom blooms X7ere observed t7ithin the top 10 m of the x?ater column 
v ^ A. 

at the centre of Bedford Basin in March of 1982 and 1984„ The in situ 
<•> 

fluorescence maximum usually coincided X7ith the beginning of tbe 

pycnocline, X7hich X7as almost alx?ays found x xjithin the top 10 m 

throughout both periods of study. • 

433.1 Spring bloom, 1982 > * 

In 1982, x?ater samples X7ere taken from .the bottom of the mixed layer, 
v fc. 

, X7hich yas found to be betx?een 3 m and 9 m, and t7as usually around 5 

m. The bloom 'that t7as observed during this month-long sampling period 

a-' 
X7as dominated by representatives of the genus Melosira. The , 

chlorophyll -a data (Fig. 4»2a) suggest that this bloom X7as close to 

the classic concept of a spring bloom. The maximum observed 
a * 

' chlorophyll value coincides x?ith a period in t7hich there X7as the 

sharpest decrease in nit-rate (Fig, 4.2b). Nutrient levels then 

remained lot? for the next tx70 X7eeks, and chlorophyll a concentrations 

generally "declined, Thers t7-as, hox7ever0 a second chlorophyll peak-

observed during this period and the value from the las-t sampling day 

sugg*ests that there might have been a third peak in this series, 
si 

Tx?o of the peaks in to ta l pa r t i cu la te l i p id concentrations* (Fig. 

4.2c) coincided u i t h the chlorophyll a maxima (Fig. 4**2a), but the 

highest to ta l pa r t i cu la te l i p id value occurred 10 days af ter the 

highest chlorophyll value,, This pattern i s almost identical to that 

•obGprved by Morris @t al. (1983) in 3 a samples from a spring diatom v 



-.153 * 

bloom in an enc lo sed ecosys tem -bage*' .Th,e ^pa t t e rn for. t o t a l - d i s s o l v e d * , 

. l i p i d s ( F i g . 4-,2'c) i s a l s o s i m i l a r , ' t o t h a t a t 3 ' m i n t h e ecosys t -om 
. - J , ' - ' . « - - * * - > • ' . . / 

' . " • I * <* • v - - • * * - 'C""l * 

>' b a g v ( M o r r i s e t a l . , 1983)." The lox?est d i s so lved- f i p i d cor .oentrM.ions *- -
v - , f * , \* i . f c f - - - A ^^r - x 

occur.redfcnear->the t-Jme^of t fye 'ph lbrophyl l^maxima, , ,* and 5t-he h" igbes t . 

• » * ° % *^ • * "~ v»> tr^X. *3* 

v a l u e s x^ere, m e a s u r e d , b e f o r e and - a f t e r t h i s - p e r i 6 d . . K a t t ~ n e r . e t a l ? 
, ' ' - ' * * ° , « < -^ „'.<* ' * • * : v , • 

.. * ( 1 9 8 3 a ) a l s o , m e a s u r e d a t r o u g h ' in* t o t a l d i s s o l v e d f a ' t t y *acid -. 
^ • * -• • / , , * . , • . - ~ ' - * - , ' - - * " ' 

'- • . . . -" , - 1 *- - . - l* . v 

, , c o n c e n t r a t i o n s , ' t h a t X7as c o i n c i d e n t xj'ifh ,t.he maximum "in o h y t o p l a n k t o n ' 
• ' , - - : > • - " • - - " » • - - ' * " ' - * N - : 

i j * * . . * * " ' ^ * i . i * f c t i f c ' 

; gr-ox7th dur ing , a-Worth Sea .b loom. These- dec r ea se s ' i n t d i s s o l v e d - ^ l i p i d 

. ' c o n c e n t r a t io .ns c o u l d b e t h e r e s u l t ' o f ' a " -g rea t ly d e c r e a s e d r a t e *0f . • ." 

- , . , • * • A ' - . ' * ; - -v / . ' ' - - * . . - . . •"-- " > -* 
fc v e x u d a t i o n "o,n* a p e r ' a l g a l , - c e l l b a s i s a n d / o r ,£ great ly . - m c r e a s e d r ' a t e l ,„ | 

' >t fc j » - r i , *• i * ' " ' , 

- , - ' - - » ' . - fc.fc 
o f - u p t a k e by b a c t e r i a a n d - p o s s i b l y even* by' phy top lank ton . ' , , 

. • ** T a b l e 4 .1 g i v e s t h e mean, c o m p o s i t i o n of t h e d i s s o l v e d ^and-^ , "' 
l K * » * ' fc. • ' - - " ' , - -

, particulate-lipids during the 1982 bloom. Fronî  fhê  05% confidence*. < ' -
' * >' t o , - ' e \ • ' : ' 

, i n t e r v a l s ' i t lean b e s e e n j : h a t t h £ concen t_ra t ionB"o- f t h e d i s s o l v e d * •' ,, 
, n " * .• a * * ' ' - - * , ^ T . ' ' . * 

l i p i d c l a s s e s t7ere m o r e ' . v a r i a b l e t h a n those o f the, same s c l a s s -an the* -*> 
, • *• • . « , ' - fc * _ * ' • -

*- > . ' « ' « • • ' . . , 

p a r t i c u l a t e f r a c t i o n . The mean c o n c e n t r a t i o n ; however, .x7asusAaally_ " ,\ ' ' 

\ *' ,. ' a ' u i t e fc s i m i l a r . f o r t h e t w o f r a c t i o n s . T h i s S i m i l a r i t y - in** ' ' ' ' . 
, " ~ fc^ 4 - * - x 

' * ' . - - " * -- " 1 J 

^ c o n c e n t r a t i o n s ( T a b l e 4.1)'(v7*as n o t . a n t i c i p a t e d j n e i t h e r 6xjas t h e ' ' «.* 
, * - ' ** - • . » « ' -

g e n e r a l d g e ' r e a s e i n t o t a l d i s s o l v e d - l i p i d s a f t e r t h e f i r s t fex; * 
• " * * , . , » • - . ' ' , v > * ^ . * 

" t s am-p l ing d a y s ( F i g . 4 .2c ) . , This,, l e d . t o some , a ' n a l y t i c a l t f p r o b l e m s - <r 

, ' -, b e c a u s e t h e .vdlume -of uate-r r e q u i r e d f o r e x t r a c t i o n x?as chdseri a t t he 
., fcv " * fc ' -1- . * . - * 

i . — * ° ^ f c f c . . > » 

b e g i n n i n g of t b e ' s ampl ing pe.riod,.*x7hen t h e c o n c e n t r a t i o n of d i s s o l v e d ", -j" 

A' ipids X7as 1 s i g n i f i c a n t l y h*Lvgh'fc->r t h a n t h a t of p a r t i c u l a t e - 1 ' i p i d c . -"It • 
' * . \ ** *r 

xjas t hough t tHa t t h e l e v e l s *of d i s s o l v e d l i p i d c lasses-x7ould i n c r e a o e . ' . 
1 , . > ' > - *' > , • • • - > " . . ' . , ^ , . t 

* • ' > f * ' * , * . , 

a s t h e bloom p r o g r e s s e d a s a r e s u l t o f e x u d a t i o n s and' 'decqmppai t ion, - . < 

> 

http://cor.oentrM.ions
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but'in 'fact %he^levels of most classes generally decreased unti l 

• ."- after the chlorophyll maxima (Fig, 4.3). This meant *that tot^al 

' \ 'analytical- precis ion ̂ values as high as, 35% x?ere not uncommon for the 

,.-,», tlkcee. to "four 250 ml dissolved lipid extractions that X7ere used This 

Jr> 

v. » I 
\ r . 

' i s fc-.snecia'lly true for Classes j.found in lesser amounts in the 

. * - - Y '"- "" Y> - : * ' '. 
,. f extracts. It also meant that blank values x?ere sometimes as high as 

"-"-* _20%<f These" analytical cptisiderations do not, hotjever, a l ter the 
^ « . * , **> - . - * -

» ' ' « - ' * , * > - *.." 
*' ** general, patterns seen ,in "Figure '4,3-'because of 'the large differences^ 

betx?een the 'peaks and trotaghs it", the timeCj*§erieso The problems 

'"fcf'S/Soci'ated . xt?ith «lox7 dissolved l ipid class-'concentrations x?ere 

r* • J • ' -

alleviated, dtiring the 1984 study by extracting? the dissolved Irj-pids 

.from up t-b ~f our times the amount of sea.t7at-e-?<pef Chro&arod analysis? 
' ' , - ' « " f c c . ' , * * — 

The're %ere two exceptions to P the general similarity in 
' * V * ' ' , fr ' "". , o ' 

t I, --* O fc . / »* * fc 
conce-ntTa-ticns of lipid classag'*in 'the ^dissolved >and~patrticul*a*te ' 

* • > fcfc fc v > 4 tV fc, K 
' *• ' " • fc. ' ° 

fractions,- The «> concentrations oi; AL.G apd AMPL (abbreviations 
+ * . , * * ' v * » - . » f c t ,y 

, * , ' & J " ' ^ •»,•»., fc u < ) > 

explained in/Ta'fole 4,1) X7ere .consistently higher in the .dissolved»~ 
» , , fc , ' , fcfc. - ' fcj - , v -* « 

^fraction* I t is.hot ltnpx7\i xj-h,ieh ̂ compounds are, p_resent in these tub1""' 
< • * . ' * f ' • . r - * . ** > i - ° ' 

, classes, but. 'itlis likely $hat |?hytol and monog-lycerides a^e" among 

the" maj or/posaponen'ts (Chapter1 1)?" These tx?-i3 contributors would be 

•*' ' \* " - ft ' . '. ' f 

.expected to occur iduring bloom pe-'xioas as a res-.ul̂  of the hydrolysis* • 
'T ' - ' * . '' - l - , , -

• * » " * of chlorophylls dnd acyl^ lipids. 
' fc -'' i T " 

i *i 

f - i -
•i ' 

/ fc r \ ' 

X \ -

'* * J 

'•r 
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•'X'- • '"' 
S p r i n g , bloom 1982; chl cXrophy 1 1 , n u t r i e n t and t o t a l l i p i d 

c o n c e n t r a t i o n s a t the bottom ofTb-a surf ace mixed l aye r in Bedford 
V 

Basin, 

i > .' ' 

* r-

(a) Fluorometric chlorophyll a_. -

(b) 'Nitrate and phosphate o ' v 

»» 

• ' • } 
(c) Total dissolved and to t a l pa r t i cu la te l i p id . 

< 
K- . 

J ! 

3 " 
* . v 

X 
-, I 

-"3 4 " 

- 1 • , 

4. 

* 

* "* 5 ^ 

r^-o 

A & 

• -

» fc*. * -4 
«*' 



156 

# 

' 'JULIAN D^Y (M 
>Q» 

/ . 

04 "fc. '•fl- d 



S> ' 

1.57 

r . 

y 
3L?ikfcOH"fcS 4 » 3 , ' > 

if *• • 
' * • • * ' , 

Spring bloom 1982; dissolved a'nd p a r t i c u l a t e l i p i d c l a s s 
" - * * ' » . ' 

concentrations at.the.bottom of the'surface mixed layer in Bedford 
*- " • 

Basin, a - . * 
' ' * * 

jg - -
(a) Dissolved and, particulate phospholipid. t , 

< > 
iff*- r 

(b) Dissolved and particulate triglyceride. 

(c) Dissolved and particulate'hydrocarbon. ' 
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/-, 

T a b l e 4<,le *** 

D i s s o l v e d and p a r t i c u l a t e l i p i d c l a s s c o n c e n t r a t i o n s ( u g / 1 ) and 
p r o p o r t i o n s (%) a t tbe bo t tom of t h e s u r f a c o mixed l a y e r d u r i n g t h e 
1 9 8 2 B e d f o r d B a s i n s p r i n g b l o o m . The v a l u e s g i v e n a r e t h e mean 
TLC/FID measurements for t h e 11 sampl ing day's, and t h e l i m i t s a r e t h e 
95%^ conf idence i n t e r v a l s . , / 

C l a s s 

A l i p h a t i c 
hydrocarbon 

Wax ' e s t e r / 
s t e r o l e s t e r 

T r i g l y c e r i d e 

F r e e f a t t y -
a c i d 

s 
F r e e 
a l i p h a t i c 
a l c o h o l 

F r e e s t e r o l 

Acetone—' ' 
mobi le 
p o l a r l i p i d s 

P h o s p h o l i p i l 
\ 

A b b r e v i a t i o n 

HC 

xma 

*> 

TG 

FFA 

ALCb 

• 

-,STC 

AMPLd fc 

PL 

. Disso lved 
i*\ 

7.8+4.4 
? 
1 
1 

4.1+2 $4 
1 

14+11 

l3+4 

19+9 

9 .6+6.7 

88+36 

39+36 

l i p i d s 

- 4+2% 

3+2% 

7+4% 

7+2% 

11^6% 
» 

4+1% 

46+10% 

•a 

17+8% % 

P a r t i c u l a t e l i p i d s 

9 .5+3 .2 12+5% 

1.9+0.9 2-!l% 

"0 
. 2 3 + 9 - 25+6% 

11+5 12+4% 

•* "^* 

V 
5 .2+2 .5 6+2% 

C3 » 

1 0 

5 .1+2 .4 * 6+2% ' 

24+5 28+5% 

0 

6 .9+3 .1 8+3% . • >. . 

a A s m a l l p e a k a d j a c e n t t o t h e HE peak X7ith t h e R* of m e t h y l e s t e r s 
( P a r r i s h and Ackman, 1983a; Chapter 2) X7as., detedte'fi i'h a fex? samples . 

DQ£ten composed of tx7o peaks (Chapter 2). - o j, 

-fc^C 
& ' s m a l l peak; a d j a c e n t t o t h e ST peMt.x7i.th t h e R^ of d i g l y c e r i d e s 

(Chapter 2) x?as d e t e c t e d i n a fex? p a r t i c u l a t e samples . 

A ' ' 
T h i s TLC/FID l i p i d * c l a s s - may c o n t a i n t aonog lyce r ides , g l y c o l i p i d s , 

and c h l o r o p h y l l s (jChapt^ES, 1 ,2) . ' _ , 

„ n 

http://peMt.x7i.th
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ALC and AMPL'._ t o g e t h e r . t 7 i th PL X7ere, --on av^rage^" * the**maj o-i!- .„<* -

components of "the* d i s s o l v e d l i p i d s . Thi& *£s I n contras-t-» ' to t h e , 
? " - - - * , J "* . J**- ••- , *t* • - a " 

• ^ V '-* Vv* *C- '-" *< * f-*-'-*• i s , -
r e e u l t S ' ^ f ^ K a t t n e r e t a l , ( 1 9 8 3 a ) x7ho.,found FFA a n d TC-eo fie - t h e 4 

JU - 1** V 

major* con t r ibu tor^ , during a spr ing 'blobw i n , the-Horth.Sea,'*>Ilhfcij: d a t a 
-fc* 

in T a b l e ' 4.1 and t h o s e g i v e n by K a t t n e r e t ^ a l . (19.83a)* fr-ra. npt"* 

d i r e c t l y comparab l e sine-© J C a t t n e r e t a l . measured o n l y a c y l l i p i d s *"* 

y ^ - . fc* . * . . T ? 

•_ . , _ «9 7 ^ r\~*fcfcrt "fc" . fc<J 

•fc 
•* 

>fc.t. 

and , .on ly in t e r m s of ca rbon . However, by.', u s i n g - r e p r e s e n t a t i v e 
/I***"" -? fclfcfc. ** -3S1 

compound (Chapter 1)* i t i s ^possible t o e s t i m a t e a ^ o t a l xreight fo r 
" , , * fc * f fcj <> 

each a d y i l i p i d c l a s s . A l s o , t i l t h t h e knoxrledge t h a t TLC/Fip l i p i d 
1 / „ * "- ^ "1 '-*e* "* 

class measurements give values that a-re close to -true' gravimetric » 
\ ' 

va luee (Fraser e t alo0 1985s Pa r r i shJ Ghapter <2j0 $lie va lueo / in" Table 
fc > fc /-

4.1 can be used i?o e s t i m a t e t h e . . r e la t ive - p r o p o r t i o n s of t h e a c y l 
* " V », ' 

l i p i d c l a s se 'S i n Bedford B a s i n . U i f n t l i e s e t-jorirec.tions tft-fde, "FFA J, 

sti^.1 accounts Nf or over 40% by t7eigbt, of t he •acVl l ip ids- -dur ing the'*1 

Worth Sea bloom, xihiJLe remaining under 10% by" X7eight«. of4" the l i p i d s 
* <v " " 

d u r i n g t h e Bedfo-rd BSsin b loom. I t X70ul<l appea f , hoxVfver, -ahat tjhe 

abso lu t e concen t r a t ions of FFA,.xjere sim-ilai: dur ing the two bloomsif* ^ 
-* - ' . - , „ , -•« <t 

t7hat tyas s i g n i f i c a n t l y d i f f e r e n t i n terms of conceatrofcio'n x?as t he 
. * * * ? • -

amount of p o l a r l i p i d (AMPL + PL) p r e s e n t s t h e ooiScent r a t i o n s of* ': 

pola r l i p i d s xjere an order of magnitude h igher isn,,pedf'ord Basin. I t ~> 

i s poso ib le t o s p e c u l a t e on environmental or even afiiiilyticc'lip eas&ne' 
* - , ' „ * ' . » 4 « f c \ 

-for the dl.cfe'reaces betx7een^he i tx?o s tud ies D but s ince *tlsGO«k a r e the 

only t o o tj-tudies of d i s s o l v e d l i p i d c l o s e c o n c e n t r a t i o n s d u r i n g " 

b l o o a s , a d e t a i l tad cons ide r a t i on of these d i f f e rences u i l l - ^hsve t o ^ 

o o a i t furthotc f i e l d taeaaureEiento of t h i s typeo '" Ĵ* 

r 
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fcThe; comparison of ^the pa r t i cu l a t e l i p i d values (Table 4.1) with 
rfB 

» 

V thog| An the l i tera ture (Morrris et al,, 1983) is better vhan xjas the 
4 fc. « ~ "• V » . J ' > » 

+#• f "** ~" «... ** ' * 
. caj?e xi i th the--dis-solyed l i p i d s . HC xias not included in the 

Mfc- fc. . fc -t-

' * ' « fc ^ A 

calculation's of; peeceftt^cpjaposition by Morris et a l . (1983), and so 

the v a l u e s in Table .-4.1 have to be ad jus ted s l i g h t l y to be 

Comparable. TG, x>hich is f̂t important storage class in phytoplankton, 

xxas a major contribut/or in both studies. ' TG xj'as also a significantly 
* •* . I) * , 
' l a rger proportion of the p a r t i c u l a t e ' l ip ids than i t X7as of ' the , 

' **- * . -* 
^ dissolved l ipids (Table 4,1). AMPL, xihich is undoubtedly equivalent 

to' 'monoglycerides' iji the ecosystem bag study (Morris e_t al.c 1983)„ 
-** ' . * D-

x?as also an important* contr ibutor i o the pa r t i cu l a t e lipids. '-The ,. 

irticul,ate AMPL band on the Chromarods clearly contains chlorophyll 
^ ^ f c C fc *• s. ^ *• 

a, and a comparison , o f / p a r t i c u l a t e AMPL concentrations xxith 
*v< Jv '3— 

fluorometric chlorophyl\\|r coBcentrat-jo is suggests that chlorophylls 

account for about 2/3 vt̂ f. this band. ,-i <r ' «• 

* j **- * * ' -*• ** , *. 

Figure 4.3 shot? s„ "the classes x$-i£b? the clearest trends m both "the 
% % ** - s. <> , 

particulate and the dissolved f rac t ions in 1982. These t ime-se r i e s • 

sugges t an app'£ojcimately, r e c i p r o c a l r e l a t i o n s h i p for c l a s s 

concentrations in the tx70 fractions of seax7ater. The dissimilarity in 
.< *' * 

the pa t te rns for the dissolved and particulafcjSfc-lipid c lasses i s - I 
emphasized by the f ac t t h a t t h e r e x?as only one s i g n i f i c a n t 

co r re la t ion betxieen dissolved and pa r t i cu la te measurements of the 

same class (Table 4°2X> These results, lend credence to the assertion 

tha t measuremejits of l i p i d s made on the operat ional ly defined 

o <$ / ' fc 

dissolved and particulate fractions provide information on procoGDQO 

*» * 

«* 

pi 



% 
r O 

, . # - ! 

* l£2'-

^ 

fc^fcj 

; 

'is 

<% •« 
^ 

r 
' \ 

-r / 

& -* 

> * • - * « . M -.* * that arc different, and perhaps eveSi somex7hat independe"tJt.- ,GCiA,6p£er •- -

2, J S . . - * f c . - > f c f c « . . 

F,a r t i culate*—-1 ipid c lasses "contras t wit^h their ? dissd|-(/ed >-
*•"£ ? M V » * ' - " - * * - -4- - ; , 

Hff-r^ poJynterparts by having at least one peal«P coincident X7ith\ the.'. 
*^ -> * a n * » 7 * 1 * 

t> / s - ' • " - , , I -» ft 

! / *•" - 4 " *> *B 

, "chlorophyll feazcima (J.ulie-n days 86 'and 91), °x7hile .."tlie dissolved 
V |v fcT 

\ classes have'their lot7est values abound this time (Fig, 4.3), .this 
J •» " 
* pattern of "lot? values extends to time-series of dissolved FlFA, ST land 

*»T . , . - I . ' , * - - • \ 

AMPL. Kattner et al . (1983a) also xeco.rded 10x7 dissolved cTG„and FFA 

- ' . * ' * * * * - - • . V 
conceatzatioEis at the lime of maximum phyto,plankton groj?th. Bolth 

• *- • - ^ > *, v 

these classes "ic'ontain energy"—rich* compounds -t'hat may be usetTiy'' 

bacteria t7hich a're pre/tMaably also highlyf active at ' th is time during . 

blooms 

The concentrations of many dissolved lipoid Classes shox?ed al 

significant increase- after tfhe lot?. valuejL associated X7ith the! « 
* f fcj * • p t 0 D t » O fc 

chlorophyll maxima. The „highesjt, ALCT, ST, .AMPL, and "^^.conoant rations' 
- ' * -0 -̂  -

fo"r the 1982° bloom xjere measu^fid during the p'e'riod of declining-. 
•v i» * ' * * - " * ' ft 

chlorophyll values. Tfte"x7ide ranges1, of .chemical structures involved 
* » - » " . " , ° . • „ „ • * . , 

(Chapt'er %) -x7o'uld suggest a non-specific source foz" these dissolved 
I? 

f , 

, f> 

CQaipounds." Cell lysiBj. ei ther autolysis - or mechanical, rupture-as a 
» *- ' " * " ' , 

v. * "•" ' 

rocu'lt offc*-fc30opl'ankt0n-grazing, coul»d be at least partly the cause., of ^ 
' i» * * ' ' -» , *"' 

Ottah a lotge inp^t of di/-;solved lipids to. the x?ater column. 0 • " r ' *. 

f.* 

« f 4* 

V 

J* a fc. * 
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$6 

T a b l e 4„2 

0 " P e a r s o n p r o d u c t m o m e n t - l i n e a r d o r r e l a - t i o - n fcoeff i c i ' e n t s f o r l i p i d 
. c l a s s q o n c e n t r a t i o n s ( u g / 1 ) d u r i n g t h e 1 9 8 2 s p r i n g b l o o m . 
A b b r e v i a t i o n s a r e e x p l a i n e d i n Table 4 . 1 ; p r e f u c e s 'd- and "p" deno t e 
d i s s o l v e d or ' p a r t i c u l a t e , -TOT" i s t h e sum of t h e l i p i d c l a s s e s . ' 

CHL, , pTOT ' pHC *" pTG pFFA pALC pST "* pAMFL pPL 

4+' ee 

«"* e> 

* * , •*. 

dTOT 

pgC 

' . , dHO--, 
I -, **- * 

-*• . " , v * ' , pTG 

• " * - . * ' , v * /dTG. * 
o «. „ 

a .* <> 

'' dFFA 

? pALC 

"Vi 

dALC 

pST 

- ¥ dST 

.pAMFL." 

^ • d-AM*PL 
CfciA" 

V 

• , * . 

pPL 

'dPL** 1 
1 <J 

- 0 .62 0 .85 

- 0 . 7 0 

„ -*•* 0.68-

*. 

- % 0 . 7 1 

y 
0.82 0.78 

K'.: 
-*' 0.74 

0.65 

- - i 

0.82 

0.76 

0.78_fcj7 

1 

0.7C 

o ;79 

ifcb. 

a 

' 0 .79 

0.83 

— 
, 

A 

" 0 . 7 2 - 0 .79 0 . 7 1 

<* ^ 

0 .64 0 . 7 1 '• -

•-vv -' 
-•Wot s i g n i f i c a n t "at *the 952 c o n f i d e n c e "jfevel (n=*£l)* 

° ' " ' ' , « , ' ' fc l < , V 

*• » \ » tf 

o J 

5- *„ 

\ l 

0 .71 

0.64 

0 . 7 1 

'\ 

.^ 
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' - . ' *• 
Wot a l l d i s s o l v e d l i p i d c l a s s e s had m a x i m a l o r ^ e v e n hi ,gh , 

if •* ' * *' 

c o n c e n t r a t i o n s a f t e r t h e c h l o r b p h y l l maxima. "Disso lved TG ^tid HC 
i , . 

t e n d e d t o d e c r e a s e • t h r o u g h o u t -"-thoe e n t i r e s a m p l i n g p e r , i d d „ 

(Figo 4o3b„c). This pa t t e rn c o n t r a s t s -with "pa r t i cu l a t e " TG0 FFA0 iff,C0 * 

fc, ' 
ST and PL xjhich t e n d e d t o i n c r e a s e t h r o u g h t h e fc t i m e s of t h e • v 

c h l o r o p h y l l maxima^jas x re l l as af te rx7ards '<£or a t l e a s t a fex?^ days , .< 
fc ^ . 

P a r t i c u l a t e HC, -hoxjever, s h a r e s some f e a t u r e s x?ith it-fcS d i s s o l v e d 

counterpar t , both have high va lues a t the, beginning of t?he sampling 
fc. ' 

period," a s X7ell a s lox7 v a l u e s a t t h e end (Fig, 4»3c). These r e s u l t s 

suggest s i m i l a r i t i e s t7ith observations** n-,ade by Gprdon e t a l . (197 8) 
* ft """ 

a t the c e n t r e of Bedford Bas in . They per formed a t e m p o r a l s t u d y of , 

hyd roca rbons u s i n g u n f i , l t e f e d x?ater Samples ; t h e i r t o t a l n—alkahe -

concentrations- in March were, among the h ighes t observed during the 
i 

y e a r . The e l e v a t e d l e v e l s a t t h a t t i m e u e r e s u g g e s t e d t o be the** 

r e su l t of-anthropogenic inputs (Gordon e t a l . , 197 8)., ' ,. ' „ 

4 .3 .2 Spring bloom, 1984. 

The 5 m. sample depth used in 1984 x?as found t o be x 7 i t h i n o r c lose to 

1 X7hatever ha loc l i ne s or thermocl ines could be detected t7ith a Beckman 

RS5-3- e l e c t r o d e l e s s induct ion sa l inometer . -The 5 m b o t t l e sample &&&•<* 

a l s o found to be u s u a l l y ve ry c l o s e t o t h e dep th of t h ^ i n s i t u 

f l u o r e s c e n c e -maximum. On one day, J u l i a n day 68 , a v e r y d i s t i n c t i n 

s i t u f luorescence maximum 4ias observed a t 3 ra, and so on t h a t day the 

t7ater sample x?as taken a t t h a i depth r a t h e r than a t thfe usual depth. ., 

The 1984 bloom t7as d i££e , ren t f r o a t h a t of 1982 in t h a t i t x?as „ 
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i 

ST'-

^x _ , d o m i n a t e d by C h a e t o c e s o s spp . and t h e c h l o r o p h y l l a v a l u e s (Fig. 
* ' • 

4<,4jfc}) d id no t r e a c h t h e ' l - e v e l s a t?&ined in 1982 ("Fig. 4 .2a) . In 1984* 
S ' , ' » 

^ - " . t h e maximum c h l o r o p h y l l a and POC l e v e l s X7e re obse rved a t 3 m on 
/ " «, 

J u l i a n day *6 8 (Fig . 4 . 4 a , b ) . These l e v e l s x?ere accompanied by t h e 

l o w e s t measured n i t r a t e and phos'pha'te c o n c e n t r a t i o n s ( F i g . ' 4 . 4 c ) . ' 
- * *!"••• * 

. ' < • * 
/ T h i s p a r t i c u l a r " sample a l s o gave the h ighes t and lox7 e s t -"values when 

* ' " < v . , n§. 

" compared x-?ith"**the catit-pletie data se t obtains..?^ during - t h i s tx?o month 

pe r iod^(Roy , 1986). T h i s - d a t a s e t c o n s i s t s of twice-*-x7eekly s amp le s 

obta ined from f ive d i f f e r e n t depths. 

After J u l i a n day 6 8 - t h e r e X7as a s u b s t a n t i a l inc rease in n u t r i e n t s 

a t 5 m (Fig!. 4 .4c) . Th i s i's p r o b a b l y t h e r e s u l t of i i j c r e a s e d runoff 
•a i • o 

as xi7ell as mixing x?ith deeper X7ater. Five of the0 seven days 'betx7een 
' ' ' * r « 

J u l i a n , days 70 and 76 X7e«re i acharacterized1by X7ind speeds t h a t were 
o * I* 

* above -noBmal- for March (Environment Canada, 1984) as x?ell as above 

, , v-pi^VSe mean for March 19"84, On tx7o consecut ive days the x/ind speeds X7ere 

_~ V -^'. %^ - i' . 
•^Ovy^ j &re than 50% higher than t h e i e a n for the month and t h e i r p r e v a i l i n g 

\> v>s , . V---> 
d i r e c t i o n X7as p a r a l l e l x,7tith t h e l o n g e s t d imens ion of the Bas in . On 

* these tx70 days^ the Halifax-Dartmouth a rea received ,one t h i r d of the 
, > • . - ' / ' 

, ', month-'s r a i n f a l l (Environment Canada, 1984), and the end of the seven 

' day per iod (llarch 16) x?as marked by a high da i ly discharge va lue for 
* . • • 

the Sackv i l l e River -*(Uaj*:er Survey of Canada, 1985). This va lue x?a£, in 
." ° . - " r 

f a c t the h ighes t taeaaurc|.d during a,ll of 1984. 

J>s 
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«, Spring bloom 1,984; chlorophyll, carbQn and nutrient concentrations at 

f 3 m and 5 m in Bedford Basi.n. Tic marks on thd x-axis are spaced one 

t7eek apart. 0 t> 

> f 
(a) Fluorometric chlorophyll a'» 

* \ 

(hd Particulate organic carbon. 
<• A. 

4 (c) Nitrate and phosphate. 
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* - a *<• ' v : 

Uhat i s surprising about the data in Figure 4.4 i s that despite" the 

p a r t i a l recovery in n u t r i e n t l e v e l s and a long per iod of r e l a t i v e t 
i. " ' , - , ' 

• > ** • -j . 

s t a b i l i t y in tĥ e X7a£'er column (Roy, 19 86? Parrish, ^Chapter" 5), tHereu ?.. 

x?as 'no majot second bloom. Follox7ing*>the storm, chlorophyll *a and POC 

l e v e l s continued the i r - dox7nx?ard t r end , albeit*, more g radua l ly . , 
" r ., 

Wufrient levels also(shox7ed a decrease over th i s «period,, 
Although there are dis£iitidt differences betx7een the 1982 and 1984 

& ' I ' ( 

blooms in both abso lu te c o n c e n t r a t i o n s asid^the t iming of peaks'and 

\<? 

\ 

t roughs , t he re a re a l s o , cleajg, S i m i l a r i t i e s . There was a isteep 

increase in chlorophyll a. l eve l s in,jMarch of both years folloued^by0 

an equal ly s t eep decrease and then tx?o secondary i n c r e a s e s in 
\. - / «*• s • -i 

f 'cjhlorophyil l e v e l s . N u t r i e n t s did not rem-aib-lox? a f t e r the f i r s t - <-
. i 

• " - * A . „ - ^ . fc''"-

„ ch lorophyl l mâ iHfcJum in 1984, *but none the le s s -there a r e . s t i l l some 
C fc' . _ . ' *- — k o " * " - * * " 

fc * indicat ions of nutr ient s t r ess . CtW atomic- pat ios 'as high as 7.2 X7e.ee 
i ' > • " ' " . * ' , 

measured af ter Jul ian day 68 at 5 m. Evenfa value as high as 10,0 xia.dc 

measured at I'm on Julian day 75. Atomie^ratios between 7" and 10 wc-jre 
« . ' • < , „ - • ( 

a l so observed ifo sur face u a t e r s by Co^over (1975b) durxng the l a t e 

stages of Bedford Basin spsring blooms X7hen concentrations of-various * 
•» •* J , - " 

nitrogen-containing nut r ien ts -had become markedly -reduced. High HPLC-» 

** . " « ' 

EJeasured chl-oropbyll £ s ch lo rophy l l a r a t i o s togethe-r x?ith high 

carbon % chlorophyll a r a t i o s p r o v i d e - f ur t h e r e v i d e n c e f o r 
' • . " ' J '* ' ^ * 

„ ^hy^toplanlcton s t r e s s a f t e r J u l i a n day 68 iri,f9 84 (Roy, 1986). I t i s 

•possible tha.t in a d d i t i o n t o sub-optimal? n u t r i e n t 'conditions,, the 
," a - „ . , 

o' , , • " 

- s u r f a c e - l a y e r phytoplankton t7ete . exper ienc ing ©-tub-optimal l i g h t 
*" fc, » o * fc 0 

cond i t ions fol"Lox7isrig J u l i a n Qay 68, In t h e th'reen1-»eel&- ftSriod a-fter *" 
- . - « x f, *, • ' 

". . r • 
•3 , f c , t ^ 

* . . » ' / ' ' 
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'* v / Jul iarj* day 6-0 x?hen c h l o r o p h y l l l e v e l s gene- ra l ly d e c l i n e d , t h e a v e r a g e 

' . t * 

* p i i m b e r o f ^ o u r s o f " b r i g h t s u n s h i n e ' ( E n v i r o n m e n t C a n a d a , 1984) ; p e r 
* *» j t» i _ -

V^day- y a s m o r e t h a n 2V .hours l o x 7 e r tha.n d u r i n g t h e p e r i o d o f r a p i d l y 
* > ,- * * - " * • "f 
•• * . i n c r e a s i n g c h l o r o p h y l l s c o n c e n t r a t i o n s ( J u l i a n d a y s 61 t o 6 8 ) . The < 

, - • ' ' i 
* * three week period of lower light levels included six consecutive days*-3** 

*+ * t' uhep OoD Hours of bright .swishine wepa recorded for t'hie ar$a 
t / \ -

« . «• * \ * ^ . 

, ' ' * p6ncomi tan t -< -x7 i th fcthe'differc^nces i n c h l o r o p h y l l a and n u t r i e n t 

/ . l e v e l s , d i f f e r e n c e s u e r e a l s o ^ o b s e r v e d i n p a r t i c u l a t e l i p i d 
fc " "" - , -• A . 

- distributions in 198S and 1984 (Figs. 4«3o 4.5; Table A.lJ^.Howe-i/er, 
, • > * fc. ^ - ^ _ ;, ^ j -

, . ^̂  ' " *" * g i v e n t h e d e a r t h of a v a i l a b l e l i p i d t l a i i s clavta f rom b l o o m s and t h e 

* ' ^ ' <& ''" * • 
$. * - c o m p l e x i t y of t h e p r o c e s s e s .rgovernin-g t h e i r d i s t r i b u t i o n s , i t X7as 

r * *- • ** 
. * -a, A 

,, X -=felt t h a t a - - d e t a i l e d d i s c u s s i o n \o£ in te^rr-annual v a r i a b j i l i t y s h o u l d -
. . . - J K . . > • -- ^ . .- k ,% • ' - , 7' - " - - * >. _ * 'K . . 

•• ,• ' e r t ra i t f u r t h e r f i & l d ^ a ^ a t s u t e m e n t s . The p r i n c i p a l a i m ofv t h i s 
\4 . \ ( (,

 X
 } ^ • -* 

t d i s - eus s ion i s t h u s x p e x a m i n e - t h e ^ s i m i l a r i t i e s i n l i p i d d i s ^ r i b u ^ i o n s ^ 

d u r i n g t h e bloom, p e r i o d s i n o r d e r t o make ^ g e n e r a l i z a t i o n s t h a t s h o u l d 

beo a p p l i c a b l e t o o t h e r b lodms . ' • „ „ «" "• " Q<3 

2 " <, t % < 1 * 
As i n t h e 1982 ' s p r i n g b l o o m , t o t a l p a r t i c u l a t e x^ft.id l e v e l s u e r e 

5 "* .-* •* ^ ^ " < 1 , , f c~^_v„ . ' "* 

* _ much-=higher. f o l l o w i n g t h e c h l o r o p h y l l maximum t h a n b e f o r e (Fig. 4 . 5 a ; ' 

T a b l e A . l ) , O b u t t h e e f f e c t x«7as much m o r e pronOWntfed, and much taoire 

p r o l o n g e d . T h i s , may ' ptt&ssib^-V b e r e l a t e d t 'o t b e - p r e s e n c e o f 
a V ^ 

significant levels of nutrients during thi-*-\j*>ejxio"a*r' Alternatively'td^a ", '' 
1 * -fc fc<5 J, 

"may be, r c s l a t ed t o t h e , f a c t t h a t s a m p l i h g wa's t e f m i n ^ t e a muciTfi'ooner 

? " 

a f t e r t h e c h l o r o p h y l l - m a x i m u m ' i n 1982 th 'an*in 1984. 

•^ v or 

• ' 
•> * ^ * « * • 

\ , ^ > ** 
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Etgtaire 4»5 

Spring ibloom 1984; p a r t i c u l a t e ^ l i p i d concen t r a t i ons kat S* m and 5 m' in 

••Bedford B a s i n . 

(a) Tota l p a r t i c u l a t e l i p i d and f r i g lyce r ideo 

(b) Phospho l ip id^nd f r ee f a t t y ac id . 

5 ' 4 . ^ 
fc. 4 ° -

(*c) •• F-ree* aliphatic alcohol and free sterol. 
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1 7 2 fc 

TG again became the major l ipid class from the time of the 

. • * 2 '' " . 
chlorophyll maximum onxiards, and again the maximum in TG per unit 

. '-***> 

chlorophyll or per unit carbon occurred quite a while after the 

chlorophyll maximum (three udfeks)* This has considerable implication's 

** 

for the quality (in texms of e.nergy) of particulate material to 

fc " N . * r 

r grazers. It is interesting that thei highest zooplankton activity 
r> •> 

> fc . 

measured by Conover and Mayzaud (1984) during a spring bloom in 

Bedford Basin x?as afte,r the chlorophyll maximum. The highest 

fc *• zooplankton ingestion rates in terms of particle volume or in terms 

, ' of organic carbon occurred from 4 to 18 days after the maximum of 
•4 

chlorophyll in the top 5 m of the x?ater column. The highest gjoss and 
* . "* * 

net zooplankton growth efficiencies also occurred during that time 
* fc>» 

period .(Conover and May-tjaud, 1984), s *~ . 
' -to- "* • ^ , „ 

The pat-tern* f or p̂L x?as also similar to tha*i; observed in 19 82»- PL 
- " " * * * ' * 

<• o fc - f 

levels tjere »highe>r after the chlorophyll maximum than beforp i t , 

, epxeept in 1984 the ef f,ect*-x?as much more marked (Fig. 4»5b). Tlie 

V - ' higher levels of this membrane indicator class (Chapter.!,) s-uggests 
. - . ^ x * 

greater numbers of organisms, possibly bac ter ia ' and/or 

D "''microsooplanktOfc*u The lack of any increase in ST diiring this period 
' •* v —/ *3 « 

$ ' uould -feGnd to favour bacteria'in this regard, since bacterial cells 

- ^ " . °. r contain few. sterols. It should be noted thdt. bacteria- dt> not store TG 

- Qither. fUTA £&<£ ALC (Fig, 4.5c) Sncreaaed steadily thrdugh- the blooa 

and afterwards and are probably. indicative of t*He degree ojc l ipid 

I, 

V 

degradation- in partictulatG matter,' 

fc * fc . 
. • . • • • 

/ i t - fc* 

D t * . fl J» 

0 * . 
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Dissolved lipid classes x?ere also extracted from 5 m samples but 

• only °dn five occasions (Table A.2), "so the -time-*-series are not shox7n 

fl here. Some of these data ca*n be found in Figure'4.6 and Chapter 5. 

Samples of dissolved and particulate-lipids were also taken from 1 m 
•"*" » 

and againo"* some of these data0 can be found in Figures 4.6 and 4.7 and 

in Chapter 5. In addition to sampling over'a larger time -period and 
• fc> 

, " f 

from more .depths than in 1982,- sampling ih 1984 Vas not restricted to 

the central Bedford ©asin station. Qn tX70?"oGcasi'on6 during the sprang 

1 w - • - , t - . •• 
19 84 study (Julian pays 72 and 103) measurements X7ere made at tX70 

, *' " " j v .' , "r * " 
additional stations,v One statio'n x?as near the location of the small 

- - * , ' -f , ' -. . ' V 

f reshxrater input to th°e Basin, the other X7as on the sveax7ard side of 

the Bdsin's-narroxJ connection X7itb the open ocean (Fig.' '4»1)° Both 

stations x?ere more than ,3 km- ax7ay fr"om the centre of Bedford Basin, * 
«, -*• * . » ' <• "• 

They X7ere* sampled in an attempt -tc-eStimate tbja effects^of thix'ing., 
' ' * ^\ ' 

- «r x?ith X7ater outside the basin on the interpretation of time-s«-i*r*te<3—and 

.profiles ^rom tshe centre of Bedford Basin. There* x?ere0 hox7ever̂ , fex7 -

consistent**patterns either vertically or horizontally fox th<** three 

stat ions. For most of the parameters measured -in this study there 

xyere either no significant unidirectional gradients or else the 

differences betx?een the same sampling depths at the three stations 
• -

x?ere significantly smaller than the differences betx7een depths t7ithin 
each station. Esscer."*., perhaps, for the case of hydrocarbon data (Fig. 

• * 

4.6a)-, i t ©an be seen that l ipid / data from the txjo additional 

atations fit' uell x?ith the Bedford BaGisn data collected in 1982̂ asicf-

1984 (Figs. 4,60 4.7), - " ' 9 _ \ 
a t 

V " 0 , i » 
1 

fc 
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Dissolved and pa r t i cu la te l i p id s from tx70 blooms and,, three s ta t ions , 
„ * • - ' - . * * • •* ^ ' 

Tic marks on the x-axis are spaced at weekly interval's from ithe 1982^ 

and 1984 Bedford-,,Basin chlorophyll a maxima. There are four symbols 

t h a t have been used to distingurbsh sa.mples ftipm di f i t ixent yeafsV 
* * 

different depths and different stations. The boxes repreSent'-B^gd^ord 
* -4 ** .«- T,-

Basin 1982 samples taken from the bottom ..of -the s'ur.Face* mi:»ed'--layer. 
i . * „ - - . . 

• ' «*• ••* . 

,The,crosses are 1984 Bedford Basin 3 m and 5-m data.-'The plusses are" 
"1984 Bedford Basin 1 m data. Finally, the- diamonds--are data from «*the 

z * "fc* 

regaining surface-mixed layer K depths and stations from bdth the 1982 

" f * 

»and 1984 Spring bloom studies, * . 

(a) Dissolved hydrocarbon concentrations. 

(b) Particulate sterol concentrations. 

(c) The rqtio- of total particulate lipids to chlorophyll a. 
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m 

Lipids versus dissolved inorganic nitrate concentrations for the 1982- * 

and 1984 spring bloom samples,. Symbols as in Figure 4.6. 
vfcV. 

<-•• fci> 

a ' " * rt 

"(a) Dissolved phospholipid concen t ra t ions from before the 1982 

chlorophyll a maximum, » t " 

o 

/> 

Cb) — P a r t i c u l a t e p h o s p h o l i p i d c o n c e n t r a t i o n s from aft>er the 

chlorophyll a maximum in both 1982 and 1984. 

$ 

fc? * ' , 

(c) The r a t i o of t o t a l p a r t i c u l a t e l i p i d to chlorophyl l j j for a l l 

t he , su r f ace mixed l aye r samples t aken ,dur ing both spr ing bloom 

studies. • " " 
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Measurements of s a l i n i t y and n i t r a t e X7ere a c l e a r except ion "to the 

v ' * I • . ^ ^ , *• 
genefralization t h a t t he t h r e e s t a t i o n s X7ere s i m i l a r i n most regards. 
On J u l i a p ' d a p 103 t h e r e xxâ s a g r a d i e n t ' o f 3* %. from 'Bedford Bay t o 

i 
Halifax Harbour; t h i s xaas accompanied by a./reverse g rad ien t of about 

1.5 u g - a t / 1 of n i t r a t e . f Kt -

4 .3 .3 Lipids before and a f t e r th,e ch lo rophy l l ajmaximum „ -*• 

Banse (*L°^4, .1977) has d e t a i l e d t h e / i m p o r t a n c e "of g r o u p i n g qarboriV V 
• * ' / 

n i t r o g e n and Chlorophyl l* data* i nno temporal o r*spa t i a l "a'ss'emblages 

17 

before regression analysis. The mo/stv .obvious point... of reference for . -

*' . I ' *> x 

"e g r o u p i n g of d a t a i n t h i s . / s tudy i s t he^max imum Gb^ejhr^dr- ^ 
> », 

chlorophyl l a concentrat ion* in thffi'~tfcitttfce;rserie£ 

A l l t h e dat-a c o l l e c t e d frotaiXJhe s u r f a c e m i x e d ' t a y e r in L982 and-
• * * » V , ' 

1984 x?ere pooled;, t o g e t h e r t o /see i f t h e r e w a s - a n y s i g n i f i c a n t 

differ^ntfe betx7een samples co.y.pcted before the"sfelorophyll maximum 

in Bedford Basin>and da ta , cao l lac ted a fjt e s» i f. Data c o l l e c t e d o*h t h e ? .. , 
" ' \ 1 ^ * * . ' - - » •> 

day t h a t t h e c h l o r o p h y l l maxajtEum was ^ o ^ e r v e d t?ere n o t " i n c l u d e d *£ 
*,q , * ^ .•• * • - . ,< V , •%"• -

because i t ' i s not lcnox7n whether the samples a re more r e p r e s e n t a t i v e * 
l e >4 .3k 1 

/ • » 

The d a t a X7ere e x a m i n e d of - b e f o r e ' o r ' a f t e r ' ( T a b _ _ . . . -„---, 

statisticairy^TWSing a t - t e s t t h a t did not . require approximately equal * 

A va r i ances (Ryan e t al ,^ 1$76). This X7as fe^cesEary because "'lip'.id-da^ta 

c o l l e c t e d b e f o r e t h e c h l o r o p h y l l maximum X7ere c o n s i d e r a b l y l e e s , 
, n C\ -« \ 

v a r i a b l e t h a n d a t a c o l l e c t 

conc^n t ra t ions and r a t i o s t h a t 

ed a f t e r i t . T a b l e 4.3 shox-7S t h e 

t7ere s i g n i f i c a n t l y d i f f e r e n t , and i t 
^ 

can be "seen t h a t t h e r e i s no over lap of t h e e r r o r bars in these data. -

" P fcf _ fS 

\ 
I 
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3 solved l i p i d * c o n c e n t r a t i o n s a r e ' g i v e n only for comparison, because 
. - - - r * «. 

i t x?as only~,j.& r9 82 t h a t d i s s o l v e d l i p i d ^ s a m p l e s X7er4e c o l l e c t e d 
fc « c. 

' beSore „the c h l o r o p h y l l -maximum. „ % " , • " " * *• ĉ  
fc f ^ ^ 4 

I t "dan be .seen t h a t concomitant X7ith t he s i g n i f i c a n t d i f f e r ences i n 
. " ' - • * . . j . , t t - • 

n u t r i e n t s t h e r e a r e s i g n i f i c a n t d i f f e r e n c e s i n l i p i d ' s , .There X7ere , 
" « * ' J • ' 

genera l ly , much h igher l e v e l s of l i p i d s a f t e r the n u t r i e n t s hac^ become 

" d e p l e t e d Usi^g the i n t e r p r e t a t i o n s . o f l i p i d c l a s s data d i scussed fn 
fc*% j , " V - -p 

Chapter;!„ Table 4.'3 i n d i c a t e s ^that t h e r e \iere more s t d r a g e produces, 
i ^ c 0 " ' r f - *" * 

AD -more degradat ion, and mo*£fe c e l l s a f t e r t he ch lo rophyl l jsmaximum. »- , ^r 

fcir * "-• > 

• Several c l a s s e s svhox7e'd*no s i g n i f i c a n t d i f f e rence between be fo re and 

a f t e r „the c h l o r o p h y l l maximum. F i g u r e 4 ,6 (a ,b ) d e m o n s t r a t e s tX70 ' '< 

d i s t r i b u t i o n s - of d a t a " t h a t x?ould g i v e such" a s i t u a t i o n . F o r ^ 
"' ' " " \ -*• „.. 6 - « • . fc. < 

J c o m p a r i s o n . F i g u r e 4,6*(e) shox7S a s i t u a t i o n x?here " t h e r e "-1738 a 

« * 
A^ 1 -rf *** < •*• "$* 

V * ' .S ignif icant! difference, 

-» • ,. ^ Pu.**?solve.d HC (Fig, 4,6a) bea r no r e l a t i o n s h i p t o 

> * , '"' d i s t r i b u t i o n , a l t h o u g h t h e ^ e does a p p e a r t o be g e n e r a l l y le£.s H-C 

a f t e r ,day' z'ero than b e f o r ^ presumably as a r e s u l t of * t h e decre^e-d 

USJ2 O'f f,uel o ^ l s (Gordon e t a l . , 1978) , Samples t.aken from Hal i fax . . , 

^ S q t p o u r x?ve're genera - f ly h i g h e r i n ^C t h a n t h o s e t a k e n a t the" ot^Gf.. "'»••'* ^ N <-

.-. " * * ' • " "*" *'' - . " . , r * - . ~— ' 
, . - . s ta t ions (F-ig. v*]4., 1). Thii|, 16 t o be faxpected" b e c a u s e t h e siTa*tfcion x?as 

• adfcXacejtt £o a ^ l a^ge c o n t a i n e r p i e r , ' as*)d~.tb'*ts a r e a ' i s e x p o s e d - t o a *"' 

. concido-rablq l e v ^ l 'o£ Dhi,pping t r a f f i c . 
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i • 

/ 
•fc-1. , - , " x . i 

j - * >- d 
fcV - -> 

I 
' « . „ • ' ' . " * • " ' -*" 

4. > ? . , ' ' v ' fc, *-

x ,» s , 4 
• ... -A » 

t 



I ** ** ' S-. ^ 

180 
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P a r t i c u l a t e l i p i d and n u t r i e n t d a t a from b e f o r e and a f t e r t h e maximum, 
measu red c h l o r o p h y l l a c o n c e n t r a t i o n s a t t h e c e n t ' t e ^ f Bedford B a s i n 
i n 1 9 8 2 a n d l ' 984 . The d a t a arc*; t a k e n f rom t h e t o p 10 m of t h e X7ater 
c o l u m n f rom t h t e e s t a t i o n s ( F i g . 4 .1) % o n l y t h o s e d a t a X7hich xfere 
s i g n i f i c a n t l y d i f f e r e n t (95% c o n f i d e n c e ) a r e ' shox7n in- t h e T a b l e , 
d i s s o l v e d l i p i d c o n c e n t r a t i o n s from a f t e r ' t h e c h l o r o p h y l l 'a maximum 
i n b o t h y e a r s , mde a l s o g i v e n f o r c o m p a r i s o n , Al-1 l i m i t s ^ a r e 95% 
c o n f i d e n c e i n t e r v a l s , . . -f l » „ 
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•fc- D i s s o l v e d i n o r g a n i c 
> • n i t r a t e (^ ig-a t /1 ) 

D i s s o l v e d • i n o r g a n i c 
't o h o s p h a t e ( j i g - a t / 1 ) 

«, . 

s Tot 'al p a r t i c u l a t e 
lafpids -(jig/l) 
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P a r t i c u l a t e 
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For b ^ t h b looms and a l l t h r e e d e p t h s , t h e h i g h e s t p a r t i c u l a t e ST 

*-" ». x -*• , 

c one en t.r a t i on s "occurred X7itlfin \xio X7eeks "of the^ chlorophyl l ' 1 maximum 

(Fig, 4,6b)» ST co,nsisten*eCty shoxys a sharp i n c r e a s e .around" day zero. 

T h i s restJOLt, -tfoupled x?ith t h e l i n e a r r e l a t i o n s h i p shot7n betx?een 
"V t- ° - s * 

D ° -*• *• 

sterolttf an^ grox7fh r a t e ' i n t u r b i d o s t a t c u l t u r e s (Chapter 3) , sugges ts 
ths*i- where ch lo rophy l l a. va lues a r e high, enhanced p a r t i c u l a t e s t e r o l 

• .. *" ' , 

^levfils can a l s o bemused a s an i n d i c a t o r of hea l thy , a c t i v e l y d iv id ing 
- * *. *> ^ 

.. "de l l s . The' second "£X peak obWryed in 19,82 (Fig. 4,6b) occurred X7hen' 

* * - * • £ ' . ' 

* ch lorophyl l l e v e l s xjere lox? (Fivg. 4.2a)i, _ but X7hpn PL l e v e l s x?ere high 

, (Fig,^ 4 .3a) , Th i s c o m b i n a t i o n would s u g g e s t t h e p r e s e n c e ô f- a l a r g e 
rn.icrozpoplanZst.on -population. «„•_ r - - .̂ . * B " 

-̂  * * x - ft * fc 

K a v ' 
*"4^3„4 Lip ids and ino rgan ic n i t r a t e - ^ 

* '. V . ' 
" One of ^ h e most dramatic* &%>ecfc"B of t he ' s e a u a t e r chemis t ry during a 

.if « 4. •- . ° ' - " 

8 qi 

t- spr-Lng bloom, is the precipitous drop in'nitrate concent rations to 
a fc. . fc- 4 - * 

o - „ J" I 

^lewelo that are belox? the detection limit, Thatr this should ^ 
v' •** • - * 

eigtaij : i**cantly a f f e c t a lg? l» p h y s i o l o g y and m e t a b o l i s m i s w i t h o u t * „ 
• i . • i, ^** - - - ° 

» p * * 

qUfcUfltiolio .The mannet-'in xyhieh these -Effects a r e expressed i n terms of 

d i f f e rences in d i s so lved and p a r t i c u l a t e l i p i d c l a s s concen t r a t i ons c 

h a o ^ e e n a pr imary concern of thi6-"discu&Gipn<> " . » • ? - . 
< • " , " . * • " ' * • 

Although t h e r e a r e c l e a r and co inc iden t d i f f e r e n c e s i n l i p i d s ' and 

, fc" 

na t r i enk ' c* b e f o r e , and a'ffcer t h e c h l o r o p h y l l adxitr-fum ( ^ a b l e 4 ,3 ) , a 
"« . . . T+ if . . . " <l 1 . ' * 

"i ci tron; e a u a a l relat. 'a.onDhip doap n o t n G c e a a a r i l y have t o e s i s t o A D*tronger 
' 1 S ,fc>J x \ i 

*tGO"£ of aueh a ^ re l a t ionsh ip io 0136 tha t ' i nvo lves a ren te ' s s ion betxreen 
. .v fc . *-*. *-

" o 
0 

3 * rflficatei and concGittEatiotiD of a l i p i d , e l Q a a t h a t could be expected t " r - ". • fc- " ' 
***•. ** 

^ v •• • l ~** ' -. ' V y ^ "• * i "' ' , 
fc p- ' fc 4 , i 

•• X * - * & <* " . - ' . .' 

K(*» - % I" •* ** * ? * '*/r ° <-
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A . 

4* 

A ' 

be d i r e c t l y r e l a t e d t o n\itBient ^levels , ..PL. i s obviously the bes t 

e 
t 

u 

•£ 

<\ 
(SY ' 

"contender for su&h a relat ionship. 

The tt7o signif icant l inear regressions that* were obtained X7ithjPL 

are sh,ox7n in Figure 4,7(a„b)„ Tbe r e l a t i o n s h i p X7i°th d i sso lved PLi 

before^ the chlorophyll m'aximum i s s ignif icant 'at the 992 level. The 

r e l a t i o n s h i p betx7een d isso lved PL* and " n i t r a t e a f t e r the 1982 

•chlorophyll max*Lmum X7as. very different, ° The correlat ion betx7een the 

tx/b "was not s ignif icant a t the 95% confidence level , and the sigp for 

the'*Pearson product moment c o r r e l a t i o n coefficient X7aa negative. A 
1^*%. * / 

regres&ieii involving a l l the' pairs of -dissolved PL and n i t r a t e \da t a 
| i \ 

"from af ter the chlorophyll maximum in both 1982 and 1984 prdduces jb 

c o r r e l a t i o n c'oef f i c i e n t o t h a t - i s .again nega t ive . This suggests tha t 

t h e f a c t o r s c o n t r o l l i n g d i s s o l v e d PL c o n c e n t r a t i o n s b e f o r e / 
-> * 'I .-» 

ch lorophyl l ,maxima are ' d i f f e r e n t from, t h o s e c o n t r o l l i n g t h e 
concentrations afterx7ards. 

' - " — , -

Figure 4.7(a) i n d i c a t e s t h a t d i s so lved phosphol ipids ma/ be 

assimilated for the same reasons that d-8p3olved inorganic nutr ients 

are , 'Phospholipids a re thought to be taken up*by a lgae in order t o 

provide a source of phosphorus (Langox7ska, 19 82; Admiraal and Uerner.0 

' ' c • •» 
° tsfi 

1983), The ac t ion of c e l l - s u r f a c e phpsphatanes x7ould__jiiake the 
" p h o s p h a t e , a v a i l a b l e t o t h e a l g a e , and t h e remaind 'er of t h e 

> i - , 

* * n I phosphol ip id molecule xjould presumably r e - e n t e r the t-MjOckilved 
r , " • '**-

fraction of. seax7ater. This new l ip id material GntGring oaawatar ic 
f c 

*• , ' 

l i k e l y to.be compooGd p r i m a r i l y of p a r t i a l glyeqE^dGG, eopjecibally , 

^digl^cerideao The uMquitouo lipaoob torid to act mora GffieiGntXy o 

Y „'- ^ *" ' . -* H i' -' i 

*•* 
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diglycerides than on mcmoglycerides (Gurr â o? Jamesi 1980) and EG 

tv * d f -v r 

m o n o g l y c e r i d e s aight^bi& e x p e c t e d t o accumulate in thfe environment. 
fc"S? 

-±6, 
"jThe h i g h l e v e l s of d ' i s so lved AMFL t h a t have been found i n s u r f a c e 

X7aters ( D e l i a s e t a l , 0 1984; P e . r r i s h , Tab le 4 , 1 , C h a p t e r 5 , -Table 
s i « • .. > 

' I ' * ' ' 
A.2) ,p rov ide e v i d e n c e t h a t t h i ' s does1 i n d e e d occu r . The Rf y.alue of 
monoglyce'ride^ i s i d e n t i c a l t o t i a t 0 of AMPL in the so lven t systems 

used for the Chromardd TLC s e p a r a t i o n s (Chap te r 2 ) . 
\ '• *' * » fc/ 

There i s f u r t h e r evidence* t q s u p p o r t t h e i d e a thavt<. d i s s o l v e d 

e^ri-

I t c | 

mpnoglyceirides a re produced "irrom ' d i s so lved phosphol ipids as a r e s u l t 

of t h e i r us^/by phytoplQhkton, Before t h e 1982 ch lo rophyl l a maximum, 

t h e c o r r e l a t i o n be tween AMPL ahd n i t r a t e p r o d u c e s a n e g a t i v e 
* I 

c o e f f i c i e n t . The c o r r e l a t i o n betX7ee^ d i s so lved AMPL and d i s so lved PL 

a l s o p r o d u c e s *a n e g a t i v e - c o e f f i c i e n t . The s i g n of t h e s o P e a r s o n 

product momen^cor re l a t i on c o e f f i c i e n t s i s cori"Siste.**,t witlvAMPL being 
, .—»« ii — — • 

xDroducGd as ther- concen t ra t ions of i no rgan ic n u t r i e n t s *and d i s so lved 

PL decrease . 

E> The l i n e a r r e l a t i o n s h i p X7ith* p a r t i c u l a t e PL (F ig . 4,7b} 1 

s i g n i f i c a n t on ly a t t h e 95% l e v e l , * t hough c l e a r l y tx?d l i n e a r 

regrGDciono o r a nosn-linear r e g r e s s i o n x?ould g ive ant even b e t t e r f i t . 
' 

F-igure 4,7(b) s u g g e s t s t h a t membrane m a t e r i a l may be r a p i d l y 
» ^ . - . f c - . „ - . . „ 

"' 
syntfoGsi^ed only beyond a c e r t a i n th resho ld"of n u t r i e n t l e v e l s in the 

' .a - 'o 
o 

' vdtGr coluan, Very high «i"L concentrations occurred only beyond 2 ug-

at/1 of -nî ratGo Such a threchcJld relatCbiaohip could be import ant l..or 

t 
the pyntheaio of all particulate lipidos Figure 4,7 (c) suggests that 

..* '" p » , f c » H n 

thoro io a aarroa raage o£>. nit rate concentrations'-over which lipid 



• '( 
' 

•o 

o •* » fc. fc 

to «, - • ' • - . » . •. . 
rf. o> _ . • M 8 4 

s y n t b e s i s i s maximis fed . F o r ' b o t h B l o o m s a a d a l l t h r e e s a m p l i n g 

s t a t i o n s , , t h e h i g h e s t v a l u e s p e r u n i t c h l o r o p h y l l a o c c u r r e d betx?een 
? fc. 

2 and 4 u g - a t / l * Beyond 4 u g - a t / 1 i t i s l i k e l y t , ha t t h e c a l g.al " ' c e l l s 

favoured t h e s y n t h e s i s of b i o c h e m i c a l c l a s s e s o ther - t h a n l i p i d s . '• „ 

4.4* fc^melwaictsE. i „ ' s> 

' * . .' '' <r ' 
There X7ere, significant variations in the c&ncentratiots-s'of .dissolved 

- and • particulate -l*|.pid 'classes d-uring spring phytoplankton "blooms in 
\ . " a . 

"^ l «. ' ** 
Bedford Basin. There xras a greater variability in lipid class 

. S " -. * ° 
concentrations after -the maximum observed ^chlorophyll 'a value during 

Y '^ „ .r* %' C ' * * ' " ' 1 ' > 
the bloom; dissolved lipifcd class concentrations X7ere nearly alx7ays 
I, * 

*. i fc 

more variable" than those of the same! class, in the particulate 

e 

V 

fraction. 
fy 

Dissolved andi; particulate measurements of the same class x?ere 

a ". art » , 

poorly correlated. This iridicatss that different processes.were 

controlling1 the concentrations of the lipid classes m the dissolved 
"? *? * , 

and particulate fractions. Particulate lipoid "class concentrations" 
i a fc / 

* fc C 

trerer almost, invariably high during periods X7hen chlorophyll levels 
xjclro at their highest. This is undoubtedly the r'esulJt?7;o£ a closo 

*. .*. fat, l 

c • . & I . 
V ' fc * ° 

associa£ion betx7een particulate lipid classes and phytoplankton 
«• - .5*., * . . . . 

a ^ l 

** , . 
productivity. By contrast, several dissolved lipid cJLasses X7ere at 

a u ' V ' 

their lox7est levels at that" time, 'This could beP the 'resu.lt of 
a ' . • -_ 

heterotrophic assimilation of dissolved lipid classes. 
1 Several dissolved and particulate lipid classes, shot? maximal 

concentrations after the cblor'ophyll aasifflUH. indicating that the 

http://'resu.lt
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supply off high-energy compounds far exceeds demand by heterotrophs* a t 

t h a t Aisae.'' The concen t ra t ions of some c lassed appear t o be unre la ted 
v X ~^&~ ' * *" s • 

to chlorophyll -or nutrient, levels, suggesting the possibility of an 

anthropogenic contribution. " -

£2 **& 
*"_ ' < - * 

-fc.*? 

1?. 

\ •><*)' 

*-. * 
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Chapter 5*, 

X « * 
I 

-
* <* 

"TO1TICSM, FEOFILBS OF DISSOM'iTEl) MB ^ESimMSE iHpAT I C LIPID J&^SES ^ ' 

IKI OTK^CE'^fcaTHSS OTBB. Mffi" STOTIAM"aOPED .IH'BBDB'OBD B^XIS.; ' ' • 

,. „ ***-*" AHB 113 UME HTO013 „ 
>. * c, 

- . " \ 
" * * • . ^ * » 

. 5.1 ImfcrodtfflctIo.nl" u~. • '' '.?-» 

The f i r s t p r o f i l e s and a r e a l s t u d ' i e s of l i p i d c l a s s e s i n seax7-ater 

fc,x7e&e t h o s e of J e f f r e y (1966). Us ing a c o m b i n a t i o n of— column 
' * e 

c h r o m a t o g r a p h y , t h i n - l a y e r chromatography (TLC), . inf rared a n a l y s i s , 

gas chromatography (GC), and va r ious chemical t e s t s , J e f f r ey (1966) 
* fc O . D / ^ * 

x?as a b l e 1§& s e p a . r a t e a*nd. ident i fy e i g h t l i p i d c l a s s e s i*h seax7ater" 
. -e x t r a c t s . 

. * * * «• 

Any f u r t h e r ^ a t t e m p t s a t s u r v e y s a s d e t a i l e d "as J e f f r e y ' s have 

X7aited t h e a - r r i v a l of more c o m p r e h e n s i v e i n d i v i d u a l a n a l y t i c a l 

t e c h n i q u e s . The t e c h n i q u e s u s e d i n contemporary aqua t i c l i p i d t7ork 

a re g e n e r a l l y a t tx?o extremes i n t e r m s of a n a l y t i c a l complexity. The 

most favoured technique for ^dissolved or p a r t i c u l a t e m a t t e r i s nox? GC 

X7ith mass s p e c t r o m e t r i c (MS) d e t e c t i o n (Wakeham e t al^., 1980, 
v „» . - '* Y 

1984a.rb; K e n n i c u t t and J e f f r e y , , 1981a ,b ; S a l i o t e_t al*, 1982; 

Wakeham, 1982, 19 85; Meyers e^ a l . , 1984). T h i s t e c h n i q u e a l s o 

• -. * 
happens t o be h ighly oomplex and thus i t i c more expensive and more -

-*. 

l a b o u r i n t e n s i v e t h a n s i m p l e r ^echniquets . GO/MS x?ould a l s o c ' b e 

i n a p p r o p r i a t e for shipboard x7ork. "" » __, ' 
• <. 

l^y ' 186 ' *. 
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TLC X7ith e i t h e r dens i t ome t r i c or .flame i o n i z a t i o n de t ec t i on (FID) 

h a s a l s o been used f o ^ * i a r i n e d i s s o l v e d or s u s p e n d e d p a r t i c u l a t e 

m a t t e r (ICattner a t a l . , 1983a; . M o r r i s e t a l . , .1983; P a r r i s h and 

Ackman, 1983a; Delmas e t a l . , 1984; Volkman e_t a l . , 1986), Th i s 

appxssch i s much s impler and i s x?orkable under s h i p b o a r d c c o n d i t i o n s 

(Delmas* e t al,", 1984), The va lues obtained x.?ith q u a n t i t a t i v e TLC a re 

a l s o much c l o s e r t o . t rue g r a v i m e t r i c x?e igh t s ( S a s a k i and Capuzso, 

1984; F ra se r et a l , , ' 1985; Gardner e t a l . 19..85) than can be obta ined 

x?i th IGC m e a s u r e m e n t s (e.g. Wakeham e t a l . , 1980; K e n n ' i c u t \ and 
\ 

J e f f r i y » { 1981a ,b ) , <• 
V ^ • o 

The f a c t t h a t "only t o t a l c l a s s v a l u e s can be o b t a i n e d from TLC 

measurements i s not n e c e s s a r i l y a l i m i t a t i o n . Tota l c l a s s va lues may 

•be va luab le as i n d i c a t o r s Oof o rgan ic"processes occur r ing inK t he u a t e r 

'Qoluian. The t^se of l i p i d s c l a s s e s i n t h i ^ c o n t e x t xs d i s c u s s e d i n 
-. • !• * " 

' fl"*if^ "* " * "* 

„ ' d e t a i l in Chapl-er 1. . c f> 

Al though t h e o r i g i n a l l i p i d c l a s s s t u d i e s involved the' d i s so lved 

f r a c t i o n "of seax7ater ( J e f f r e y , 1966)& most s t u d i e s s i n c e t h e n have 

b e e n conce rned wi^b p a r t i c u l a t e m a t t e r , e s p e c i a l l y t h a t X7liich has 
J> 

been eaugli t i n s e d i m e n t t r a p s . Inv t h e fex? s t u d i e s . x?here b o t h 

d i s s o l v e d and p a r t i c u l a t e l i p i d s have been m e a s u r e d , t h e l i p i d s i n ' 

each f r a c t i o n have u sua l ly been considered" s e p a r a t e l y (e.g. feennicutt 
' ^ - • & " ' 

* and Jeffrey, 19Bla,b; Kattnor et al., 1983a,b). In ̂  the present study, 
1 • '' 

* • • ** * ' 
t he l i p i d c l acsea from the ttjo f r a c t i o n s of seawater a r e cons idered 

• 
t o g e t h e r . - Z^.Q "* <•" 



J> 

s . 

Chromarod TLC X7ith l a t r o s c a n FiD has been sujjgested^ as a taseful 
* ' • ' -*' v. "" " -in , 

tool for studying*variability in, the distribution of JJLpid. classes in 

the oceans (Parrish and Ackmian.. 19.8̂  aX, B The -present study reports pn-
fc » V 

the I a t ro s "can -measu red l i p i d , c l a s s p r o f i l e s o b t a i n e d p a t four 

d i f f e r e n t l o c a t i o n s . ° ? » 

t) 

-a 

" '-» fc-
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5 . 2 ESsttlbods *• . * . - • _ . • 

* ' , " " < ' " > t c . f c ^ 

, Samples xjere c o l l e c t e d ; from up oto seven d i s c r e t e depths. X7ithin- the 

v \ top 3'00 m of'* the X7at;er column in four different" l o c a t i o n s (Fig. - 5.1).* JsKjv'T 
/ Dissolved and p a r t i c u l a t e l i p i d s X7ere e x t r a c t e d wi th dichlorom'ethane -
I . * -

(CHoC^ ' - 0 c b n c e n t r a t ed, "and s p o t t e d ^o-nto " s i l i c a g e l coated"****-

Chromarods. These Dx7ere deve loped , d r i e d , and»then scanned*, m an 

- , l a t r o s c a n . Peak a r e a s o b t a i n e d from TLC/FID chromatograms X7*ere 

c a l i b r a t e d x?ith l i p i d ' c l a s s s t a n d a r d s . U n l e s s o t h e r w i s e i n d i c a t e d 
\ 

belox7, a l l l i p i d samples X7ere s e p a r a t e d on" Ch>romarqds-Sll and 

p y r o l y s e d i n a s l i g h t l y m o d i f i e d * l a t r o s . c a n MK I I I ( l a t r o n 

Labora to r i e s , Tokyo) as described in Chapter 2. 

8-

. * 
5,2 .1 Scotiaji- Slope 

> ° \) > -
Samplingo X7as performed near the edge of tba Scotian Shelf 'in June of 

A.' 

'1982 and i n A p r i l of 1985. ' In 19 82 t h e seax7at-er^xiaa c o l l e c t e d in 
/ ' ' c " • » * 

J "*• conventional 5 1 Niskin b o t t l e s , passed through a *250 urn metal screen 
/ * ' ' 

and p r o c e s n s e d as d e t a i l e d by D^Lmao e t / a l . (1984). R.O. F o u r n i e r „ 

(Depar tment of Oceanography, Da"Lhou;ilie Univers i ty) k ind ly provided 

CTD, n u t r i e n t and f luoromet r i c ch lorophyl l a data' from t h i s c ru iae . 
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- iP 

-3- In 1985, the l ip id sample's were collected xjith a Seastar in s i tu 

^ X7ater sampler (Seastar Instruments Ltd.,-Sidney, .B.C.),, The sampler 

. \ ' • - ' 
t'jas.attached to € hydrotiire and used tp pump 5 to 10 1 of seawater 

^ * o 
through a fil te 'r and an extraction column. The f i l ter-holder and 

, " • - * - * 

columns xiere- made of Teflon end x?ere supplied x?itb th'e instrument. 

The-^eictraction material iyi, the columns X7as XAD 2. Prior to'the cruise 

ejLch of the 5 columns was "cleaned with abaut 1 1 of CH2CI2 a n a 

°,fc. " isopropanol. Blanks X7ete measured using TLC/FIJKand GC Solvents X7&re 
•a P» 1 

1 - . • * * ' 

passed through the columns until the «latroscans-meaSured total lipid 

content was belox? 5 jug per column. The columns x?ere rinsed x?ith about 
I _ , 

1 1 of purified (Chaptei? 2) ̂ Supe,r-Q- X7ater (Millipore) immediately 

before use. The seawater passed through, a" 200 um screen and a 

, .*--pr^6ombustedr(400 C) Gelman A/E glass fibre f i l t e r before passing 
a St 

<! fc. . / ' , * 
>*--=fĉ  ' - * through the XAD column. On recovery each filter was X7rapped in 

' " "" ', >„ 

precombusted, (400 C) aluminium foil and placed in a freezer (-2d C). 

Each 3iAD*col*4mn X7las capped and also placed in the freeser. . 

In cthe laboratory each column x?as o-stracted X7ith,200 ml of methanol-
• ' ^ „ (Analob?) 'and then with 200 ml of-Ct ,ci2 (Analabs). The MeOH-seaxjater 

** .mixture was back extracted X7ith CH2CI2 and the CH2CI2 portions, xie0> 
' [)' " * 

cfom îned„ and roto-evaporateS dox?n to a fro mis at CQOIQ. temperatuj*>e. 
fc fl ' , — a * * * 

/ P r " 

°Q '•* Further detai ls describing the cleaning 'and use of these column-s, 
" fc. 

, - together x?ith GC and GC/MS analyses of extracts, are given by Gershey. 

.-= ' , (1986), 

. * X) 
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Uiffifciire 5 , 1 
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M 

xf 

*-̂  S t a t i o n l o c a t i o n s . S c o t i a n S l o p e / ( l ) i n A p r i l , ? 1985 in 275.0 m of "* V/-
v 

w a t e r (41°39.9"W, 64 33.2 'W), ,and (|2) i n - J u n e , 19 82 i n 1280 m &£ 

t m t e t £4.2\23.1'Nb 64° 18.5'W). Bedford Bas in v (3) d u r i n g t h e s p r i n g of) 
Si. *" 

1984 i n 70 m o f ' x j a t e r . Lake Hjaron (4) d u r i n g t h e summer of 1984 in 

95- m of X7ater (43 59.7 'W^ 82 04.5-W). 
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Bottles X7ere closed at depths neaa°>the levels at wh^ch the pump, 

samples were collected in order to determine temperature, *salmity0 

and phosphate concentrations. Salinity X7as measured X7ith *a Guildline 
v ' 

Autosal" model 8400 salinometer. Phosphate determinations xjereAmade 
• , -C" " o ** f 

X7ith. a Carlo Srbax^autoanalyzer.fc-

5,2.2-Bedford Basihr A * 
v „ O u . , " 3 n * *-'** 

Samples X7ere collected from five different depths at 'the centre of 

-Bedford'Basin dicing the spring bioom of „ 1984 fc (-Chapter*- -4). Complete 

Yf * * •* - -•> '•> 
profiles x?ere obtained on March 29 and April 5, three and four weeks 

fc 0 i 

o fc . •- . ' -

after the maximum chlorophyll value had been measured at the same 

' s ta t ion (Roy, 1986; Parrish, Chapt.er 4). The seax7ater X7'as„ collected |„ 
1r 

° in 5 1 Go-Flo (General Oceanics, Inor, Miami) bot t les and processed 
" ' " * * 1 

as described in Chapter 4. * *» > ' 
Temperature and sa l in i ty prof i les X7gre obtained ilsin-g a. B*eckmratf 

V „ r ' » / * 
RS5-u3 electrodeless induction salinometx-jr. The,salinity-' data x?ere 
calibrated against bo t t le s a l i n i t i e s measured X7.ith a Guildline 

• » • fc1** • fc- * * « . ' . * * 

« ^ . * * 
Autosal model 8400 salinoaeter. Particulate organic' carbon X7as 

" f fc- ^ s s • •< t 

determined* af ter combustion "in pure oxygen in av*?e*i**ltin-Elmar..CHN 
fcfc fc . » fc -

- - - " . _ 
Analyser (Model 240BK " ." - ' . '". 

.«\ 

5.2.3 Lake Huron . , . \ * „ . . - . ' * ' ' 

,An array of sediment traps 'X7as deployec! iji the ^southern-part of Lake .<- .-
1 * _ . j \ ' " V fc , 

Huron (Fig. 5.1)° from Jujy 16 fo September 17y-1^84.' jfhe ,qedi"ment ' 

trapb X7ere Get at fivfe different depths. Th^ shall-oxxjDt were at lÔ mp -
« K * 

t " f c "" l ' .- * , " \ 

-> a. ' ^ 
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pa the. surface mixed layer, 'the next traps X7ere" at the bpttom oi 

* *- j **- *- A" 

, thermocline (35 m), and thte deepest t raps fS3 m) x?ere deployed 10 m 

" ' ' " , , ' * " ' ' - - > ' . • * * • 

above, the bottom. Th'e .sediment trap design and the sample hSndl.lng y *"* 
"V fc •- , ' ° - , ^ - ^ / . , • fc fc. 

prpcedures- ajre tbe same .as'those described by' ?adie et al, ^(1984-)." ."" *-
i - * ' » * " - , * ^ - . - ... * * * * 

\ Subsajaples from the five" depths were extracted x?ith chloroform-'' . ̂  •* <• 
< '>f: " ' . • • • ' . > '* " , •" 

•MeOH (2:1) and ,-w'astied i7.*jth 0.9%' ifeCl* solution «using .microtechniques,." 
-. fc * ; - i * . . i . . * , y J » » • 

detailed'.by "Gardner Jst aJL "(198§). Samples x?ere ^stpred urider nitrogen ., 
- » _ - f c - ' ^ 1 6 . •» , . . * "^ S J * 

-~ in-capillary tubes **at--20°C fdt a'maximum period of .tiTo-months before 
~ - ' . • •"*'' / /Y '". , < * ' 

' .analysis., The storage tubes IT era also used' for applying the lipid <* 
** I-, . , ,V r A > > - * " ' " ' 

< / „ * * " f c"* " *- * 

. .„ ex;tract"s d i rec t ly - to *the, Chromarods (Gardner e t ' a l . , 1985), Total J 

-, organic, carbon- data fors the- sediment trvap samples iTere kindly .» ' " 
v -> _ * - " * * - * » . * • *' > T""^ 

_ . - » - . ' ' f c fci -

- ' ,'provided Jby °K. Dunham {University of Michigan,-^ Ann Arbor)s ' 
r , ' " • - . * - * ' * ' ' **• 

. „ fc. ffc. 
_ . o fc' v , » • • > , . * > 

fc fc. fcT.- J J , 1 - / 

* * - » - fc. » » 
" * - ^ ' ' * w ,* , - *V 

5.3 TMeoualto apdl BiqctHcaioiai- * , •* * «* 

' Table 5..1 ' l i s t s the ^Classes detected by TLC/FID that X7ere common to . 
— H * "* r 

- r . O " 1 - ^ » * 
_ w * » *' » 

aill' the rsamples Srom afl the ..sampiing sites." This Table also provides ( , "-
t ' — ' fc* 

• fc, a^summary of -tall thfe lipid, class concentrations that iTere observed itr 
*. , "" ' % , * ' 

* * • ^ "* * 

' < fh.e surface -mixed layei? and belox? the pycnocline a t a l l four 
* *- * \ 

i . s^atfiong., The concentrations of l ip id classes belox? the pycnocline . ^ 
< , ." ' ' v **" 

x/ere -ogi dverage hair the valuep ^observed in the surface mixed .layer 
h 

' . for'^diSoolved or ^suspended par t i cu la te mat-ter. In the case of 

' /- v ^Gditaent trap'particulate matter and suspended" par t i cu la te matter 
' •"' jrt 

*\ O-xprGTased as a ratio to total^particulatG organic carbon^ tBhe values 
- * *-* ° 

, < . o 

* in ourfaee uatero are on average 1.5 those in deeper iTaters. 

a 

fc7fc*l 
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v L i p i d c l a s s c o n c e n t r a t i o n s i n d i s s o l v e d m a t t e r ( u n d e r l i n e d ) ^ and , 
suspended p a r t i c u l a t e m a t t e r from Bedford B a s i n 'and n e a r t h e edge o f s l \ „,, 
t h e S c o t i a n S h e l f , and i n p a r t i c u l a t e m a t t e r f rom s e d i m e n t % t r a p s 

•*» d e p l o y e d i p L a k e Huron . S t a t i o n l o c a t i o n s a r e i i v e n i n F i g u r e 5,1.* 
The c o n c e n t r a t i o n s a r e a v e r a g e s and t h e i r u n i t s a r e fig p e r j L i t r e o r - ». 

** Pg l i p i d c l a ^ s per mg t o t a l p a r t i c u l a t e o r g a n i c carbon. TJheffe a r e , tx?o 
a v e r a g e s f o r e a c h p a r t i c u l a t e o r d i s s o f v e d c l a s s f o r eat?h s t a t i on ' . * 
The Upper c o n c e n t r a t i o n g iven f o r each c l a s s i s f o r t h e surface* missed 

*** l a y e r ; t h e l ox?e r c o n c e n t r a t i o n i s f o r s a m p l e s , t a k e n belox} t h e a 

p y c n o c l i n e . " ,*. 

L i p i d c l a s s Abbrevr l 

i a t i o n 

A l i p h a t i c 
hydrocarbon 

H 

Wax e s t e r 
and 
s t e r o l e s t e r 

-Free- f a t t y 
, a c i d 

<*" 

**\ 

Free sterol"1* 

Ace tone -
mob i l e 

. p o l a r l i p i d 

P h o s p h o l i p i d 

HC 

WE 

T r i g l y c e r i d e TG 

FFA 

ST 

(1) 
"Jfg/1 

S t a t i o n numbers ( F i g u r e 5..1) 

0 .35 
0 .89 

0.17 
0 .56 

0.35 
0.20 

0.30 
0.37 

0 .19 
0 .09 

AMPL 0 .70 
0 .62 

PL 0.50-fi 
0-.27 

2 .0 
12 

OV77 
0.73 

5.4 
2.6 

hi' 
J. o £i 

0 . 8 4 
0 .51 

8.9 
6 . 1 

1 . 8 ' 
1.5 

(2) 
Ug/1. 

2 . 8 , 10*. «. 
2 . 1 1 6 .9 

,2'.0 _LJ3 
0 .6 1.0 

1.7 J;4 
1.6 9.7 

17° 30 v 

2.8 2.4 

0 . 8 4 L^0 
0 . 2 * 0 . 8 

(3) J (4) 
ug /1 pg/mgPOC 

8„*1 1.0 37 

2 . 4 13 
0 .5 i 4 .3 

1 o 8 , lb 
0 .3 i 3 . 6 

6 . 4 ! 6^7_ 39 

1.0 \_A °7.3 
1 . 7 - ±8 20 

l i t >M X a X Jj i 

6.4*~ 0?5 36 : 
——— (. 

6.0 ' 3 ^ *-Q7 f> 
7 .2 7 ^ 41 

.-fc? 

2.0 ' 1.4 9 . 1 
1.3 0 .5 7 .9 

19 -16 
9 .4 .23 

88 
54 

3.0 JLJ. n 14. 
1.8 112 " ! l l v 

3 85 
92 

21 
42 

54" 
16 

23 
27-

11 

V? 

J. 5 

62 
56 

5.0 
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The concentrations of dissolved lipid ̂ classeŝ -̂ ê Ee/on average four 

V * ^ " * " f- *- « 
*• titqes rgreater than ' the par t icu la te l i p i d concentra.tio.ns in- the- same 

• » » -» • . » , * * * * - fc. i * 

^ _fc. 

' o "Sfeatjater. samfile, *The«e .seeta.sH6*]?e*va t^rend, in t h i s ra t io f̂ rom s t a t i o n ' 
fl *" "* * * * * * * 

(D 'Where fhere were lfe£k-3 d^f£e renews between d isso lved and 
<_ % *- -*" *.- -*̂  -~< 

"* p a r t i c u l a t e lipid*'concept fcatiqsis to . s t a t i o n (3) where inhere ^ e r e 

* ^small d i f fe rences in«concenfc"~rati.ons. In order t o - a s c e r t a i n i f t h i s 
' - ' , J - I fc. , - * • 

'.trend, could be reflated tp the, proximity* of tb§ sampling .location to ' 
• * ' - * ' . ' * . - " • ' ' ' • • . ' 

> *&> the shore,' .it xjould .be" necessary £b occupy s imilar s ta t ions a second 
, , . > ' . * - < • ' « * * '* , ' * - j *• * * •» 

- w".t iiae *»and- 4 s e . i 'de'ntical' sampling and tv>rk*up procedures a t "each 
a 0 

,. station,. 
» * - .. fcl -V fc .fc. 

" • ' 

V By comparing a l l the dissolved-,or -all the/particulate* data for each 
>*" N \ r *" i> - * ' " . ' . , <?.<* 

* * - * .> v . *^ fc-.-

cl-ass *in *fabl-e 5J.l i t i s p o s s i b l e tP , sugges t fe&ults (.that, appear * 
v . " i " > * • -* i fc..^^ 

IV . . * r 

anomalous. These data are t,he surf&ce ^pa^tricuJUate H-C ^value for -
'* —^ w t ^ * ^? "* 

s t a t i o n (4) ,and bothAthe d i sso lved and*" p a r t i c u l a t e F*F A va lues for * 

surface X70ters a t s tat ion, , (2). An a n a l y s i s of nex? samples ftfom the * "* 
scfae otations'x7ould again be necessary before^^it can be decided i f 

* " ' * L " »*" 
t&sse values are jreal or artefacts-'o£ sample, haiidling*^ 

v 

v „ . fc - >, ' . ' 

t-* ^ 
,̂ 5.3.1 Scotian Slope 
* * * * ? 

"T-S diagrass from the region ,x7here* the 1982;j jsamplea %ere col-idcted 
• ». » " ., - . ' l 

" (Fig. 5.1) i n d i c a t e the in f luence of three"\7ates: types , dtie* sugge%t , *<?t 
, * - w t , . * ^ E - > '• * 

zj&at t h i c regioti X7cs ±n the v i c i n i t y of a f^ont.'^The tempera ture 
i»» ' C " so , « • * . , ** - 0 ' 1» v 

deaeended t o a Hiniratim around 50 a (ReXsaaa a t al'., 1984); a t t h i a » *** 

p depth n u t r i e n t l e v e l s reached a* masimtfia.^The tag 30 BI o£ the X7ater .% ts 
0 « (, , fcr„ ( W 

•** coluan x?ac tTGli-Hised. "The"' clooo-ct grouping of inphalinGS and if 

* * * fcT 

**' 

' J • . 

fc-fc fc 
9 > 
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i sopycnals s t a r t s a t around 75 *m, x?here t he re X7as the most abrupt 

change in lTt (Fig. 5.2^a). > 

Total l ip id concentrations (Fig. 5.2b,c) X7ere obtained from the sum 

of the TLC/FID peak areas x?hen corrected for FID response as^ wci^J^ps 
/ , fc.- * -

for recovery using an internal standard or -S/Urrogate spike'" (Keith 

«> &t al.ft, 1983). TLC/FID chromatograms of dissolved and particulate. 
x«? **t> i?>* * , < 

n X ' l i p i d s obtained fr'om shipboard analyses during the-1982 cruise are 

% ~ given by Delmas et" a l . (1984^ and Parrish and Ackman (1985). "*" 
e^t „ ^fc? "J w a 

To ,a f i r ^ t approximation, the d i s t r i b u t i o n s of t o t a l l i p i d 
-5, 

* \ 

concentrations appear to be related to both biological and physical 

processes. The par t icu la te l i p id dis t r ibut ion (Fig. 5.2b) x?ould seem 

to be reflated to t h a t of chlorophyl l a (Fig. 5.3a)0 X7hile high 

concentrations of dissolved l ip ids appear at the chlorophyll maximum 

and also immediately above the largest step in Cf-t (Fig- 5.2a,c). 

, ' There are fetf s t ud i e s ' ^n i t h X7hich these TLC/FID data can be 
•-£*- J>e •** A 

• * * * 

compared, but tthis i s partly compensated by the fact that therefore 
, **•"• t ** « 

. "" tx70*/=tudies X7bere th&. data are very suitable for comparison, both in 
•fc. 

"< terms of a rea sampled and in terms of the a n a l y t i c a l x?orkup 
ft * 

procedures used. 
Tables 5.2 and 5.3 a re a comparison x?ith de t a i l ed temporal and 

• * 

spat ia l studies by Kennicutt and Jeffrey (1981a0b
i) and Bhoole e t al . 

(1983). The f i l t r a t i o n and e-atraction procedures tha t X7ere uaed in 
*fc r-

the Gulf of Mexico and the Arabian Sea X7ere very s i m i l a r to thos'a 

used by us over the Scotian Shelf and Slope (Delmas et a l . , 1*984),° 

essc^pt they X7ere manipulating up to 90 1 while UG VCTQ uaing only 4 
* = • * « » 
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1," All t h ree stud-ies X7ere undertaken i n or very c lose to" she l f X7ate*rsa 

x?hich in a t - l e a s t tx7o of the s i t e s X7ere reasonably unpolluted, This 

a s s e s s m e n t i s made on . the b a s i s of hydroearbon-^data (Ke ize r e t - a l , , 

"1977; Kennicutt and Je f f rey , ' 19u^la,b), „ £ / fa nK 
* -fc' . " °- '* ' 

. -Although au-r . d a t a and t h o s e " of B h o s l e e_t al , . (1983) a r e 
c o n s i d e r a b l y more s p a r s e t h a n those* of K e n n i c u t t and J e f f r e y 

**" . * 
(19 813^),° y the t h r e e d a t a s e t s compare favourably . - For i n s t a n c e , 

Kennicutt and Je f f rey ' s temporal ^ang^? of 60 t o 160 fig/1 for surface 

X7ater d issolved l i p i d s i s very s i m i l a r t o our s p a t i a l range of 49-190 

pg / l . ^The p a r t i c u l a t e l i p i d va lues compare equal ly xyell (Tajile 5.3). 
* o 

K e n n i c u t t and J e f f r e y .{found t h e m a j o r i t y of t h e l i p i d s x?ere iti 
^ s . * "* 

t h e i r . p o l a r f r a c t i o n ( T a b l e s 5 .2 , 5.3)^j .Their s e p a r a t i o n scheme 
* ^ # v. ' 

included n e u t r a l l i p i d s in t h i s f r ac t ion . Talcing t h i s i n to account,, 

the comparison X7ith our dat,a i s again very good. Bhosle e t a l . based" ̂  

t h e i r f r a c t i o n a t i o n scheme f o r d i s s o l v e d l i p i d c l a s s e s on t h a t o-x 
t 

1 fc • * fpy 

K e n n i c u t t and J e f f r e y (1981a) ; t h e i r 'polasr l i p i d 1 p e r c e n t a g e s f a l l 
' / 

T?ithin the range repor ted by Kennicut t and Je f f r ey (198Xa)c 

D i s s o l v e d l i p i d s ^ s e e m - t o be c h a r a c t e r i s e d by a h i g h d e g r e e o€ 

v a r i a b i l i t y i n space and t i m e (Table 5,2) s u g g e s t i n g c o n s i d e r a b l e 

pa tchinesc and a high r a t e of anabolicm and ca tabol ism. ""There i s a l s o 

a cons iderab le range in the ra. t io of d i s so lved t o p a r t i c u l a t e l i p i d s 

(Table 5.2). This range "guggesto tha t 3 t h e d i s t r i b u t i o n s of d i s so lved 

and p a r t i c u l a t e l i p i d o o a r e no t e l o o e l y ' c o u p l e d and t h u s ^ t h e i r 
•0 -. ' a . 

production and destruction ratea' Hay not be either. \ 

% 

%'. 
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Pigfee 5,2 •» * 

*> f 

O i, 

Vertical profiles of density and total^lipid'-.concentrations over tvhe 
. * 

.» « fc. 
Scotian Slope in 1982. The exact stationlocation is "given in Figure " 

. ~ < r 
*• o . * 

C I o t 
J • A ^ , <r 

*~ ' 
** 

* > 
o(a) Density* * 

o 

II a * 

(1)) -The sum of the latroscan-determined particulate lipid classes. 
n 0 •* 

4 ft 

«> 
-. I 

ic) * The sum of the latroscan-deterained dissolved lipid classes. 

f a . - t 9 
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Figmre 5,3 -* 
a 

V e r t i c a l p r o f i l e s of the concen t ra t ions of p a r t i c u l a t e and dissolved 

l i p i d c l a s s e s over t h e Scertian Slope i n 1JLS2. The estact s t a t i o n 

l o c a t i o n i s given i n F i g u r e 5.1'. 
.* 

« - • 
e 

(a) F l u o r o m e t r i c a l l y d e t e r m i n e d c h l o r o p h y l l a and l a t r o s c a n -
r 

determined acetone-mobi le po la r l i p i d s . 4. 

(b) Ia t roscan-de te rmined p a r t i c u l a t e phospholipid and t r i g l y c e r i d e . 

(c) Ia t roscan-de te rmined d issolved phospholipid and t r i g l y c e r i d e * ' 
/ 

V 
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T a b l e 5 c. 2 

^ ft 

• D i s s o l v e d m a r i n e l i p i d s from p r o f i l e s itf- o r n e a r s h e l f r e g i o n s . 

T h i s s t u d y K e n n i c u t t and - J e f f r e y , • ' B h o s l e e t a l . 
( 1 9 8 1 a ) . (1983) 

, » -a 

L o c a t i o n 

^ 

Degree of.pollution 
assessed from . . & 
hydrocarbon- data 

> / 
; / 

Edge of 
S c o t i a n 
She l f , 19 82. 

• 
' . .Re la t ive ly * 
u n p o l l u t e d -
K e i s e r e t 
a l . , ' (1977) . 

S h e l f of n o r t h e a s t ' S u r f a c e ' t i t e r s 
Gulf of Mexico, 1977 of the,Ar*abian 

* • ' 

, Range of d i s s o l v e d 
l i p i d s , . irUfcthe stirfac**, -

^.miiziSd l a y e r (ug /1 ) ' . 

V a l u e s in d e e p e s t 
*-. -wa te r ' (fog/1). 

V -v1 P r o p o r t i o n s of t o t a l 
l. s,r a t t r i b u t a b l e t o 
,, " "* " p o l a r l i p i d s " ' 

(TG, FFA, £T0 AT/IPL, , 
* „<•., PL),* 

- * • 

•*• Maximum v a r i a b i l i t y ; 
t h e l a r g e s ' t r a t i o of 
maximum t o minimum 
c o n c e n t r a t i o n s x?i th in 
a 10 m1 i n t e r v a l o r a 
12 h r p e r i o d . „ 

Ratio*-of d i s s o l v e d t o ' 
p a r t i c u l a t e l i p i d s 
(median in b r a c k e t s ) . 
V 1- , , 

"49-190 

29 

72-93% 

2-7 (3) 

• . • • . f c 

;**In tor iaa t ion u n a v a i l a b l e , 
****1. -" 

fc. 

^ - ' 
/ 

and 197 8. 

" R e l a t i v e l y 
u n p o l l u t e d ' 
K e n n i c u t t and Je f f rey , . 
( 1 9 8 1 a , b ) . 

60 -160 ' 

61 -116 

Sea , 1983, 

~5*f - . A 

55--*95% 

9 

3 - 1 0 ( 4 . 5 ) 

165-295 

57-85% 

J 
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i r t icu la te marine l ip ids from prof i les in or near she3^£*^egio.ns. 

This study -Kennicutt and' Jef frey,5** 
£19tat) . ^ . ' ' ««* 

Location 

Degree of pollution* 
assessed from 
hydrocarbon data 

Range in -surface 
sail*;ed-"layer (tug/1). 

Values in deepest' 
water (ug/1). 

Proportions of total 
attributable to 
"polar lipid/*0. 

Maximum variability: 
the largest ratio of 
maximum .to minimum 
within* a 10 m interval 
or 'a 12 hr period. 

Edge of 
Scotian 
Shelfcf, 

Shelf of 'northeast •>• 
, 'Gulf of •Mexico!... 

' Relatively-* 'Relatively1* * -_ 
unp 611 ut & d' uft p ol 1 ut*ed -' , 

* ."* " - ? 

2-8-*-5 8 -* 

B' , 

. 

59-90K 

•J » 

. » >• . 12-70 V ' / * . 

. * v i. % * fl-

,9>52 / , ^ _' * * 

A s" ' y'Y ,. o . 
'%9-85%; \ - ; " 

r- -t 
>* — J fc 

< ^ • ..fc -
- f 

.KM- * ' 

i S * * 

fc, If' . 

> _( 
r - 4. 

„ " 5f>-; 

'-' 
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.* Boeh/'m • (19*80) has already provided evidence that dissolved ant. 

par^ijililate hydrocarbons are decoupled spatial ly and "temporally. He 
* * ' "" *• * * T r- " *-, 

*- ' ~ *̂ 
sampled a t , s t a t i o n s c lose to-the Scotian Slope s t a t i o n s sampled'in 

_ * •* 6 

th'e -pr.eSe-nt study. The' resul t s^ in Table 5.2, together u i t h the 
o." - ' / 

diss imilar i ty , inj tbe time series of dissolved and particulate l ipid 
4 

0 
classes in- Bedford Basin (Chapter 4), indicate that the decoupling of 

.s-y -vw * dissolved and-*$artioulate{ l ip id classes may be more" general im terms 
1 » / . 

ofl tbe 'type.*", of lipid classes and more widespread in terms of 
. • > . ? * £ - . f c , . 1 - fc. 

~fc-* environment .^ . r*" , • * - - ' ' 
, - " » ' " « *• 
* - , *' _ "l , - ' 

->. /*- - fc." The&app_arent lack qf» cQ-rrelation^Between dissolved and particulate 

\ ~<- > ~*r? *«*''. fc*?"l V**-* s X, ^ y -. 
„-*'*'*' l ip^d'distr ibution^ reflectSrfQther differences in the lipids measured 

, «*-! v*" -*• , - - X * 
.-."* *rt" ••JiliJ'(fcSâ h.'"̂ f<eaction"*of .seawater. A comparison betueen data for dissolved 

"' ". f **>* *•* * f ' 

, ' ^la-Rids '(Table S.-2) ant? data for part iculate l ip ids (Table 5.3) gives 
* r »" V «.* 

a , - sitaila'r* results m both studied where measurements uere made on both 

' Jif a*fcttions of. ,*the .same sample. In each of the categories^ in each 

. * *''/ *r Y ': • *. ^H ^ 
* - .. «••-* ̂ JaDle,-."the .values for p a r t i c u l a t e l ipi 'ds are general ly louer than 

„, <•> 1 . ' • ' • • . ^ " * * ' »^ » 
^ C " 1 • -• *.**- j/ <•* % "> s ̂

v those -for dissolved" lipids. The" absolute, conpent rat'ions a^e louer, 
fc' « * *„ irf "* i-s- « *" •• ii 

* ,., -fc T' the -'ranges of concentr-atipjns are lower,,, there i s l e s s 'polar ' 

*•• ^*-* .material, and there- may -also be a* louer var iabi l i ty . }' 
» « ' , , ' * •* *. / 

• » i * - - f c i ^ f c * * • .. - — i 

" *-t. .-" , Fi-gurS 5.3f shoua the distr ibutions of>.chlorophyll a and some of the 
s, . ' ' * ° ' " A •>.' ' • - i . e r f — 

individual-latrosVaiFi-measured* Lipid c l a s ses . Other l i p i d c lass 

*" ; . ,. profile's ' fr.oflt thd*. sa*me'Station are given by Delmas et a l . (1984). 

**' ^ * ^ •vFQr>"the*dis0dl*ired l i p i d s / each data point i s the mean of 3 o'r 4 
* j - - fc * % fc ' « ' 

« ' - * = . ' -fc,, , t ladepiandent* an4ly.ses*!/ The total analytical "p-recision ic around 20Z<," 
* , " e - , r- *,> •> . . - ". • ' . "• 

«•. ' »*."- uhi.ch ' is the-yal'tte ane might expect from other chromatographic • 

-*- - . - , « -

* t < 
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techniques, even GC Unfo-rtunately the precision for the pa r t i cu la te 

l i p i d ana lyses fpas not as good? the average CV was 35,2. This i s V h e 
* * » \ 

resul t of being unable-to col lect and process enough water to do mors 
•f i * ' 

than dup l i ca t e e x t r a c t i q n s and ana lyses . Because of-t l ie la'ek of. 
v ' "* -, '.. ' ' • 

precision in•• par t icula te l i p id data at t h i s station,, the discussion 
, >1 ' - . 0 1 

-_ will concentrate on features of these profiles that X7ere repeated at 

other stations. _, „ J ., 
fr fc 

Most par t icu la te l ip id classes, especially the pigment-centain-j.ng 
AMPL peak, follox? the ch lorophyl l d i s t r i b u t i o n . . (Fig. 5.3a), The 

-- -. 
concen t r a t i on of p a r t i c u l a t e AMPL and t h a t of ch lo rophyl l a uete 

< •> 

Strongly c o r r e l a t e d (99% confidence), Thê AMPL l e v e l was-, however, 
V 

about 2 ug/1 higher than t h a t of ch lo rophy l l a. This d i f f e rence i s 

probably caused by the i nc lu s ion of o ther pigments in t h i s TLC/FID 

peak, as well as glycolipids which are also thought, to be involved in 

the photosynthetic process. In addition to p-t^ments and glycolipids, 

t he AMPL peak probably con ta ins d i o l s , e s p e c i a l l y monoglycerides, 

"*- i , Three p a r t i c u l a t e -4ipid c l a s s e s did not follbw the ch ld rophy l l 
* <fc. , ; * - * - C 

dis t r ibut ion. These w<̂ r.e wax es te rs , hydrocarbons, find t r i g lyce r ide s , ' 

T h e ' f i r s t of these could be^ a s soc ia t ed wi th microzooplankton. The 

samples were prescreened at 250 fam,*" so i t i s l e ss l ike ly that la rger 

zooplankton were c o n t r i b u t i n g t o the IJE maxima fe.u„nd both a t the 
a 

St ° 

chlorophyl l Eaastimum and a t 75 nwfc fe 
) , t 

The maximum in p a r t i c u l a t e t r i g l y c e r i d e s a t 75 m i s i n t e r e s t i n g 

becaucG i t occurs a t a level in the wat'er coluian where there* were 'low " 

chlorophyll a^valuea. Again,, a heterotrophic contribution to th i s TG 
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t peak i s c l e a r l y a p o s s i b i l i t y * Alio t h e rD thought, - i s t h a t t h i s m a t e r i a l 

* J. - * * - * 

has. a p u r e l y a l g a l - o r i g i n . T P h y t o p l a n k t o n e x p o s e d * t o low l i g h t * l e v e l s . 
.. - f c . - 1 * f c / ** 

f o r e x t e n d e d p e r i o d s h a v e b e e n f o u n d t o i n c r e a s e t h e a m o u n t of --TC 

A s s i m i l a t e d i n t o l i p i ^ d s , J b o t h i n t h e l a b o V a t o r y and f n ' t h e ^ E i e l d 

( H a r d i n g et. a l . , 1 9 8 5 ) . ^Thus t h e TG maximum a t 7 5 »m c o u l d ' b e 
* • • * • * > . * » 

i n d i c a t i v e o f t h e p r e s e n c e p f " h i g h l y s t r e s s e d a l g a l c e l l s , o r 

d e t r i t u s d e r i v e d from such c e l l s . In a d d i t i o n t o , l i g h t - s t r e s s , t h i s 
„" J. f « » 

fc-. .. 
TQ'peak c o u l d a l s o "oe i n d i c a t i v e of a l g a l nut r i entrust res, s.- A d e c r e a s e 

*in n i t r o g e n a v a i l a b i l i t y has ,been-show-a t o c a u s e -an i n c r e a s e i n a l g a l 

' ' ' * » fcfc'fcv * 

. TG s y n t h e s i s (Pohl and Zurhe-ide, 1982*; P a r r i s h , Chap te r 3*). A<s*pring 

c a b l o o m n e a r t h e f r o n t a l r e g i o n ove r t h e S c o t i a n Slbpe co-uld r e s u l t i,ff". 
j • a r . -. . l , " : - - -. ' • i :-

a l a r g e i n c r e a s e i n t h e r a t i o of TG t o c h l o r o p h y l l ' - a , in* s u r f a c e -
, . . . » • • * i - . > , ."• j * 

w a t e r s - a s nu t i r i eh 'Vs b e c o m e d e p l e t e d , L a r g e i n c r e a s e s . i n t h i s " t a t i ' o 
«, - * - , * ' 

h a v e b e e n o b s e r v e d i n t h e s u r f a c e w a t e r s of B-ed'ford ,Ba*s*in " d u r i n g ,-

s p r i n g blooifrs (Chap te r 4). If- s u c h ' a bloom sank then ' theTe i s ^ c l e a r l y 
<*. ' - * P^A° -o * />* - ' 

* a s o u r c e f o r TG "in dee*p,ver w^ater^.-^Any ^ a r g e - f i r i c r e a s e i n de-nsifcy i n -
. " " " » ' ; " Y- • v ' -

t t h e w a t e r column c o u l d a c t a t l ^ a s t a s a p a r t i a l b a r r i e - r t o f u r t h e r 
„ -' - i 

ii ' ' > - • » • • * ' ' " , -

s i n k i n g . In- t h i s way a T G - r i c h - f a l s e b o t t o m ' ( S i e b u r t h , 1983) might 
fcfc ' o ' * , - . ' s ' . -

be o r e a t e d , s " - ':' • -* „ -

T h e " a p p e a r a n c e of h i g h l i p i d leveJifcS e i t h e f d i r e c t l y a b o v e t h e 

p y c n o c l i n e o r i n i t ' s i m m e d i a t e v i c i n i t y , i s a c o n s i s t e n t p a t t e r n 
•- \ * •* " - * * * * * "*• 

. ' * _ * • • » . .*: ,, ' » 
( F i g s , 5 . 2 - 5 . 8 ) . T h i s p o i n t s t o t h e g e n e r a l i t y of l a r g e d e n s i t y 
d i f f e r e n c e s a c t i n g ad* avh imped'-i-Hient t o . f u j r t h o r is i n k i n g of. l i p i d -

» - ^ / - f c > f c f c fc., 
-. _ ', 

fc .. ^ <f. v - . . 
' c o n t a i n i n g m a t e r i a l ou t of t h e s u r f a c e mixed l a y e r . Thio o b o e r v a t i p n 
c o m p l e t e s ^the specttrum of b i o c h e m i c a l c laocoD t h a t have p r e v i o u a l y * -* 

/ 
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been found t o a c c u m u l a t e , a t d i s c o n t i n u i t y l ayers , . . ,These m d l t i d e 

* \ 
p a r t i c u l a t e c a r b o h y d r a t e s (Biggs and Uet.*Jel.D 196,8)^. c h l o r o p h y l l . a 

- - r ^ ( G o e r i n g e t a l . , 1 9 7 0 ) , and d i s s o l v e d f r e e a m i n o a c i d s and 
v "•* — I fc* fc^ 

\ fc. ' . fcl 

carbohydrates (Leibezeit e t a l . , 

For most l i p i d c l a s s e s , the concen t ra t ions measjured in the v i c i n i t y 

of t h e p y c n - o c l i n e a r e a-nom-al o u s l y h i g h by - c o m p a r i s o n w i t h 

m easurements made a t sha l l ower d e p t h s {F igs . 5 .3 -5 .8 ) . Th i s i s a l s o 

" g e n e r a l l y - t r u e fo r c o m p a r i s o n s w i t h measurements made a t sampling 

- l e v e l s ' t h a t a r e markedly deeper than the su r f ace mixed l a j e r . .Because 

of t h i s , iione o f ^ t h e m e a s u r e m e n t s made i n t h e v i c i n i t y of t h e 
« 

pycnoclin,,e is included in the calculation of averages in Table 5.1. 

The high lipid val«ues associated with discontinuities are not 
o a fc. 

c o n s i d e r e d t o be r e p r e s e n t a t i v e of t h e w a t e r t y p e s t | i t h e r above o r 

below them. , *< ' 

Smetacek (1985) . h a s argue"d t h a t t h e \ r a p i d s i n k i n g of* c e l l s 
, • * "> 

fol lowing diatom blooms r e p r e s e n t s the t r a n s i t i o n of these c e l l s t o a * 

r e s t i n g s tage . Any v i a b l e phytoplankton c e l l s p resen t a t 75^m a t the * 

1982 S c o t i a n Jiilope s t a t i o n Could p r e s u m a b l y have m a i n t a i n e d t h e i r 
** .* 

basal metabolism with the stored triglycerides while waiting for a • 
-: -**->.* p » - » * 
mixing event, Such a mixing process might take the form df very high • 

y ; 
uindDo an upue l l i ng event or a Iff^ge ^naplitude i n t e r n a l T7ave» Each of 
t h e s e wou"L&> r e s u l t i n t h e t r a n s p o r t of s o m e ' c e l l s t o l e v e l s i n the% 
w a t e r column where t h e r e was g r e a t e r L i g h t . At t h e same t i m e , 

/ * ** 
0 \ fc. 

n u t r i e n t l e v e l s would be r e p l e n i s h e d i n t h e s u r f a c e .waters a s a .. 

r e o u l t of Hissing. Thus t h e p h y t o p l a n k t o n w.ould be d b l e t o grow 

*- * * 
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rapidly un.til nutrient levels were again depleted. At this point TG " 

would start to ejccumulate' in the ce'igLs again and the cycle could 'be 

* repeated. J 
%y - & 

Figure^ 5.3(c) shows dis>&olved l ip id classes from the 1982 stat ion. 
A. . 

^ vThe*»most s t r i k i n g f ea tu re of these p r o f i l e s \s the l a r g e peak in 
• ® . " 

c o n c e n t r a t i o n s a t 75 m. I t i s pos s ib l e t h a t these d i s so lved l i p i d 
' ' ' 

peaks were a s s o c i a t e d wi th e leva ted l e v e l s of b a c t e r i a l a c t i v i t y . 
* fc. 

Douglas (1985) measured bac ter ia l numbers and ac t iv i ty at the s ta t ion 

immediately preceeding the s ta t ion where the-Jipid samples X7ere taken 
fc*f . . " - C{ fc. . 

(Figs. 5.2, 5.3). -At s t a t i o n 55 of the 1982. Scotian Shelf0 c r u i s e . 
• • »> 

' ^Djouglas (1.985) measured a subsurface maximum in both b a c t e r i a l 
N fc -> < s . 

numbers and bacterial activity on tbe same''"isohal ine that the 
- •* . . * 

elevated l i p id levels t7ere observed. Since the" tx7o s ta t ions X7ere very 

close to one another in both time (<1,5 hrs) and sjpace (<10 nautical 

mules) i t i s possible that there X7ere s imilar levels of bacter ia and 
Wfc - < - " / * - , ' 

l i p i d s on* t h e same- i soha l ine at both s t a t i o n s . L iebeze i t e_t a l . 

(1980) found t h a t e l eva t ed l e v e l s "of bacteri-a <snd d i sso lved free-
t "• *i » & 

• amino acids and carbohydrates occurred t o g e t h e r a t tbe upper boundary 
of the pycnocl ine in the Sargasso Sea., The incre-asV xn p a r t i c u l a t e 

J phospholipid a t 75 m (Fig. 5.3b) x7ould suggest that microheterotrophs 

• of some form x?ere p resen t a t t ha t depth, PL i s an i n d i c a t o r of 
* , * « * , f 

^biological membranes, and t7ithout any inc rease in ch lo rophyl l a *, 
•r 

(Figo 5.3a) i t i s probable t h a t the PL peak i s the reoul t .of . the 
fc w 

presence of heterotrophs smaller than 250 jum. Again, the aoaoeiatxon 

of h igh l e v e l s of PL and TG wi th pycnocl ines la a° p a t t e r n t h a t xo 

•V' 
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v * 

repeated (Figs. 5.4-5.8). -" 
- , • * 

Figure 5.4 shows some of the data obtained from the second Scotian 
.. -• > *- " 

Slope c ru i s e . At the s t a t i o n X7here t h e , l i p i d ,-sam-ples x?ere taken in 

1985 i t t7a,s possible to* make only four temperature measurements,-> and 
"-fc.. * • 

> * . 

only three of these had salinity values for the same depth, Thus^ some 
* ' -' ' *• 

of the densities in Figure 5^4(3) have had to" be calculated by 
. " " • * • • - • - . 

interpolat ion of sa l in i ty or temperature and' tMere i s more er ror than 

usual associated"x7ith these va lues . None the les s , the broad p i c t u r e 
should be close to reality-, and the x?ater columri'can be assumed to be 

fc 
"well-mixed dox?n to about 90 m. At th i s point there* was also .a change 

"in the gradient of phosphate concentrations. (Fig'. 5,4b). 

Elevated l e v e l s of l ip id ' s X7ere again found a t the bottom of the 

sur face .mixed l a y e r (Fig . 5»4c*, d)„ 'The c l a s s e s X7ith maximum 
"- r 

s • * 

concen t r a t i ons a t t he pycnocl ine .included pa r t i cu la te phospholipid 

and both p a r t i c u l a t e and d i s so lved trigyceri&e--{Fig, 5.4c,d). The 

dissolved T6 concentrations reached those observed immediately above 

the l a rges t 6 i nc rease in GY in 1982 (Fig. 5.3c). 
_ — i " " *" 

*" * - I 

Although mu/ch more water x?as sampled X7ith the in s i tu sampler than 
i 

X7CG p o s s i b l e x?ith b o t t l e s a p p l e s , d u r i n g the 19 82 c r u i s e , the 
improvement in the analyt ica l precision of l i p i d class concentrations -

i 
was l e a s t han had been hoped. The r e a s o n for t h i s ' i s t h a t 

* 
n j g n i f i c a n t l y lox?er c o n c e n t r a t i o n s of l ip ida°were measured a t the 
1985 ct-ation. * -» , 
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"FxgfcEEe 5 . 4 . - f 

, V e r t i c a l p r o f i l e s of d e n s i t y and c o n c e n t r a t i o n s of p h o s p h a t e and 

l i p i d s over the Scotian Slope in. 1985. The exact "s ta t ion l o c a t i o n i s 

g iven i n F i g u r e 5 .1 . » -~ 
A 

I 

/ 

/ (a) ,. Densi ty . 
• - T 

1 t fcr 

ft .. 

• (b) Dissolved inorgan-Lc phosphate. 

(c) P a r t i c u l a t e phospholipid and the sum of the la t roscan-measured 

p a r t i c u l a t e l i p i d c l a s s e s , 

A, 

(d) Dissolved and particulate triglyceride. 



SIGMA-T PHOSPHATE PARTICULATE (jUg/L) TRIGLYCERIDE (jlKj/L) 

* (pg-at/1) 
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HfigiULire 5 , 5 

\ V e r t i c a l p r o f i l e s of ' s a l i n i t y , t e m p e r a t u r e and c o n c e n t r a t i o n s of 

t o t a l l i p i d s in Bedford Basin, in 1984, The exact s t a t i o n ^ l o c a t i o n i s 

g i v e t k i n Figure -5 .1 . , . 

* a 
"J 

(a) S a l i n i t y . « -*. 

(b) Temperature. " , ' 

*fc 

(c) Tot§l dissolved and total'-*particulate lipids. 

a 

f t 

\ fc C-,/ 

M 

< * - ' J1 fcV> 

-.> • 
it •> 

-«* 
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5ALINIT TEMPERATURE (0C) , TOTAL LIPID Cpg/L), 
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Fiffitmre 5°® 

V e r t i c a l pri 

^ 

particulate and dissolved 

lipid classes in Bedford Basin in 1984. 

(a) Particulate free alcohol and acetone-mobile polar lipid. 

fc*-

(b) * Dissolved phopholipid and acetone-mobile po l a r l i p i d . 
• > 

. •-• 

(c) Dissolved triglyceride and free fatty acid. 

*** •* 

v_— 
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"̂  V e r t i c a l prof-aXes^ of. t h e r a ' t i o .of** p a r t i c u l a t e l i p i d c l a s s e s " t o 
-̂ fc. *i, -• * * * < « . *• - . ~ 

p a r t i c u l a t e organic earbon in-ssuspended p a r t i c u l a t e mat te r in Bedford 
, » *•- * ' .v , *•>• «• •*" , 

.fc fc. * s - fc."- ^ "fc / fc 

.- Bas in . i n . 1984. - ' , - - * ' ' - . »*« • *5? 

•v. ^ v ^ v * ** i ^ - ^ 

s (a)4 *Phospho-lipid-->.and t r i g l y c e r i d e -

C2t 

« -, (b) "-Hydrocarbon vand free fatt*y ^ac-jld. 
***• • "V * --- . 
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BEDFORD BASIN PARTICULATE LIPID CLASSES 
" ^gvL/PI|>CLASS/nip ORGAN/0 CARBON 
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' *"" 1 \ » " * , 

' The intention,-bad been to re-saraple in a "si-mitatt Hydrographic 
- . " - * - -, « * 

. * * ' * * . o 
region in 1985 in the^hope that there xjoulp be similarities in lipid 

> - "i 
distributions. The X7ater 'sampled,, hox7ever,fc, x?as both partner and mbre 

saline'than in 19820 and the concentration's of individual lipid 

ies" t?erel fcOn^aHrerage- sik times *l©x7er' (Table .5.1). ThisD coupled 

'- X7ith the**f-a?.t thfat half of each sample x-r-a s- u s e d. f 6 r GC analyses,," 
*_ ' " " v ' / / fc ' - ' : > ' " 

ineant that the 1/evels of the lipids'taeasured on Chromarods in- 1985 
• - / . - " ' * - * ^ . 

,* xiere similar to those measured m 1'982. No'nethe-les-s,, the precision1 

* ' ; . " ' fce. «• ' . ' * » ' 
- * fc-fc-^'fc*. , 7 fc 

TJor.is.he 1-985 samples'X7as' stx-fll'more acceptable, • The precision for. 

"most- dissolved llipid clashes uas' under 20% CVy-"x7hile for the 
' ' i - • - • * - , * > ^ > ' ° - ' ' , ' - ' V ' • 

- --' particulate classes it x?as usually betx7een 5 and 35%.̂  - *"* 
. . • • • - • • - . - ^ - • , y 

• N *-The concentrations of particulate lipids at.'the 1985 station (Tabje-

5.1») were s'imilar to those observed'by TFolkman et. al<^ (19S£) at ari"-
/ , - . •-- - —*- yy?2- - + 

' oceaifc-jity st-atibn. ""̂ dlltman et 'al. 'als 'o used '-TLC/FID; they report the 

,. concentjrat:j.ohs-of six, particulate .lipid classes at five deaths in thev 4 

Tasmanu'Sea. Inspection -of tnerr data', suggests further similarities 
. . • . / * * f c * " " * • - , * - . 

, -X7ith^tb---.data .presented "here, ^Por tx70",of tbeir lipid classes- thev,- , 
- - * • ' ' . * o ^ - , , fc*'*'*''-.. 

• -ihi'ghest" ccrncentTations'measured x7ere at 90 mD and for another two the* ,. 

second highest concentration xyas ~Measured, at --this depth. The highest _ t 

•: -, I'' . .. - . . * ' ' ,~. .' « "' - * fc '* " *' ^::, .-
A cdncentratlon^of "the sum of their- lipid classes (10,7 *"ug/l) occurs 

, , . ~ » ~ f c ^ f c V * , \ * t 

I > ^ _ ' ' ' " - • , * ' * . 

also at 90 sa,. Vo.lItiaan̂  et 'al. (l>986)' state ' that the-top 90- m qf .the" 
- * , * - ' 

X7ate-r- colum-n at/their..station Vas uell mixed„.and that* tjieir deepest * v " ' • l , •-&, c 
- « • „ „ . f c f c ' « f c ^ fl,*," 

- ' . / l - ^ J . 1 * fc ' - , ' « ^ 

'sampling level (120 m) was belpx?, the thermocline.- This suggests that 

in tbe Tasman Sea there uas also an accumul*-ationAof l ip id matetial 
a . . - * ' " "* - • v-" 
* fc.-.,. ^ f c f c 

. immediately above tbe "pycnocline., • • • , s
< < . - " ' ' ' , . -

'I - • 1 i 

http://TJor.is.he
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' • « 

5 . 3 . 2 .Bedfcrd"Basin ,, ,. * ' " _ - .,-4 .. 

«. T.he l i p i d ' cl„as& p r o i f i l e s *tjere v e r y s i m i l a r * on >tbe ~tx7 0 days t h a t 
** . 

i 
disso lved and p a r t i c u l a t e ..samples x?ere obta ined from f ive d i f f e r e n t 

* -» "„ - * 

d e p t h s i n Bedfprd B a s i n d u r i n g tKe\19"84 s p r i n g bloom. Mo'st of t b e 

o b s e r v e d d i f £ e r e n e e s * X7ere-''"less ^ha^n 5 jag/1* f o r d i s s o l v e d o r 
* . ' **. - " ' » , - , ' w 

fc-Pjarticjuiate* l i p i d cjtass c o n c e n t r a t i o n s measured-in samples taken from 
-fc-- - * * ' " „ " . 

t h e s ime "-de^th on* b o t h .days. --Data from t h e s e tx70 p r o f i l e s a r e 
• „ ? f * . . - * -

summa-rised t7i%h o the r BedLfor*! Basin d a t a ' i n the Appendix, 
- , * . " -.„•*:•" - ' / ' 

Once-^again0 flialsima i n jd i s so l -ved and p a r t i c u l a t e l i p i d s x?ere 
* * * » . " » ' * < * , > . 

> ' •" «/ / .*t> ."» . ' * 

observed t o h e r o i n e indent t7i tb th.2 beginning o f the sha rpes t changes ' 

in* salinity- ' tand^tej-SpeBTSture i n ,the*" prof -5.1 es.* Both s a l i n i t y an'd^ «•». - a . - 1 

t empejcatura-p-rof l i e s ijave been p r e s e n t e d *m F i g u r e 5.5 b e c a u s e t h e 

: RS5 tempera-£u-?e r e a d i n g s x?ere n o t p r o p e r l y c a l i b r a t e d and t h u s 
••* - - - . '• - * * • - • „ 

a c c u r a t e - d e n s i t y val-ues . cou ld "not be o b t a i n e d , Hot7ever0 a t t h e 
, - *.. .;-.- -•• * - <• 

t empera tu res and sal±~niti<-2s in q ' u e s t i o n t h e d£n8r±ty p r o f i l e s h o u l d 
* * » ' ' ; "*" *" * * • 

"fc • " • " ' • * * ' - -

resemble t h a t ...of s a l i n i t y . The observed var4-at£ons i n ' s a l i n i t y v (Fig. 
* * * " * • , . * ' * ' ' * ' 

* * - -fc- t 
5^5a) t70uld p roduce an o r d e r of mag-fiitutfe grrea ' ter change i n G"t t h a n 

' . * - fc?-. ,, ** *- " - -

X70uld the observed changed i n temperature~ {-Fig,/ 5.5b)» 
- - -• 

Q * fc- . 

•*• %he pa rch ^ . ' p r o f i l e s " of s a l i n i t y andr t e m p e r a t u r e t?ere l y s s no isy 
\ * ° ' " A 

t h a n t b o s e o b t a i n e d 'on ^ . p r i l 50 and "so i t jLs t h e l i p i d p r o f 3J.es 
\ «3 
1 r 

" o b t a i n e d i*n March t h a t a r e „ p r e s e n t e d h e r e ( F i g s , 5 . 5 - 5 , 7 ) , The 

partic-tLtlpte l i p i d c l a s s c o n c e n t r a t i o n s have been normal i sed t o POC 

" v a l u e s in Figure 5.7 in order" to tadlte theta d i r e c t l y comparable w i t h 

t h e s e d i m e n t t r a p d a t a i n F i g u r e 5 ,8 . T a b l e 5.1 g i v e s t h e a v e r a g e s 

for 'Bedford Saoin ^ p a r t i c u l a t e l i p i d s in bo tb u n i t s . 

http://3J.es
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t 

Typical chromatograms of l i p id class separations from Bedford Basin 

d i sso lved and p a r t i c u l a t e satnple-s can be* found in Chapter 2. The 

precision^of rep l ica te an-alyses for most dissolved l ip id classes x?as • 
• - * 

a 

under 2C% CV0 X7hile for pa r t i cu la te classes i t X7as usually under 30% 

CV. The l i p i d c l a s s p r o f i l e s (Figs. 5.60 5.7) are in most r e spec t s 

s i m i l a r t o -those observed at o ther s t a t i o n s . The only major 
* * . 

di f fe rence i s the marked i nc r ea se in some d isso lved l i p i d c l a s s e s 
t -a 

belox? the pycnocl ine (Table 5.1., Fig. 5.6b0c). This i nc rease i s , 
', ° "** * * 

l i k e l y to be the r e s u l t of degradat ion follox7ing the spr ing bloom. 

Th-ase p r o f i l e s u e r e o b t a i n e d t h r e e "weeks a f t e r the maicimum 
*a -" -

chlorophyll a concentration X7as measured m Bedford Basin (Roy-, 1986s 

Parr ish^ Chapter 4)« Jus t a f t e r t he peak of the bloom a s u b s t a n t i a l 
c 

storm i s thought to have spread a large number of diatoms belou the 
» 

l e v e l of the pycnocl ine * in Figure 5.5(a-b). This ma te r i a l then 
continued sinking (Roy,, 1986) and i t presXimabty s tar ted decaying at 

0 

•C '"- •-

the same time. 
- <s 

I - r • 

*. 
•* 

5.3.3 Lake Huron . ^ 
TXJO t o four subsataples t?ere obtained from each o£ the f ive t r a p s 

* 

deployed in Lake Huron; each subsample X7as e x t r a c t e d and measured 

independently. "Each extract x?as applied to one or more Ch'-jomarods oo 

t h a t tvjo t o ten l a t r o s c a n de t e rmina t ions t?ere made per depth. The 

to ta l analyt ical precision., for four ext rac ts from the same trap,,but 
- / , D * l ' 

meaSvUred on four d i f ferent* Chromarods vna b e t t e r than +20% CV, for 

each/ l ip id c lass . Tfeis i s the same level of precision as obtained Ijpy ^ 



,*• •* 

2*23 

• - . / 

lla-keha® ef a l . (1980) uork ing X7ith c a p i l l a r y (§G ana lyses qn marine 
Y - ' ; 

sediment t r ap m a t e r i a l . * * ' 
' 1 ' '". 
TLC/FID l ip id *class determinations were also,jaade ton several total" 

• -. » - -* 
• . . 

procedure blanks, A maximum of 'five l i p id clasges X7as detected in the 
** * * * . ' « » 

blanks ; "these c l a s s e s .njpirmally accounted for l e s s than 15% of the 
° •* Q 

% • * . -Bfc 

amounts measured in samples. . 
* fc. fc, * . . • / 

.typical TLC/FID chromatograms from sediment trap ext rac ts are shox7n 

Y 
and discussed in Chapter 2. The uni ts used for the sediment t rap data 

(ug l ip id class / mg organic carbon) are somet7hat ax7lraard but a re the , 

same as "those used by other t7orkers X7ith GC data (e.g. Meyers et al»0 

19 84s U alee ham e t a l . 1984b). A f a c t o r of about 20 i s needed to 

convert t hese u n i t s to percent by- t7eight. Thus Ia,t:rq/sc,aTi-meas-a.red 
TV ' \ * ' 

hydrocarbons could have accounted for as much' as 20% of the organic 

matter in the near-surface sediment t raps in Lake Huron (Table 5=10» 

Fig, 5,8). This va lue i s ext remely high and very d i f f e r e n t from the 
-fcV / " 

values observed in Bedford Basin suspended particulate.,-matter (Table 
S.lo' Fig. 5,7]*.). I f such a high va lue i s c l o s e / t o r e a l i t y for the 

• 

Great Lakes area i t x-irould Suggest that there i s a massive source of * 
> 

hydrocarbon po l lu t ion Perhaps such an input uould occur xn-the fornt' 
•J - * _ «• i 

of macroparticulatess there x?as no prescreening of these samples, ** 

Surprisingly-, once the valued in the vicinity of the pycnocline -.are" 1 
V 

ex0lud,edo t he r e ti-aa only one o the r laajor d i f f e rence between the > 
oboervat iona made wi th sediment t r a p m a t e r i a l and ,x7ith suspended 

»- - • ' 

par t i cu la te taatter. A coaparioon of the l a s t tua colurans of Table 5,1 
J , U fc" ' • 

* . * 
atusgepta tha t HE levels wore s ignif icant ly higher in the Lake Huron „ 
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i . 9 ^ 

s a m p l e s . A c o m p a r i s o n of F i g u r e s 5.7-Cc) and, 5 .8(a) shox7s t h a t t h i s 
- * -, > 

>, '• T -**• 
was especially true in the vicinity of the pycnocline.^ Again. 

-1 *«• 
> .. •-

macro p a r t i c u l a t e s could hs^ r e spons ib le for t h i s rai.£ference. - I t see*ms 
'*• - - , » _, 

likely" that tjne' lar.ge-WE peak in Figure 5.8(a) is the resulf-qf 
J. , fc - * » <-

zooplankton .debris/entering the 3-5 "p trap. An active zooplankton 
1 a 7 * 1 "* <-

. „ /^V -* •»« 
* • . «. -% 

population could' be taking advantage, of high energy -compounds"present 
• "" i" • "" "", * 

i n ' t h e - t h e r m o c l m e . Once aga'in-. the.-.maximum TG and 'PL c o n t e n t of 
fc - *• »fc > , 

- p a r . t i c t l l a t e m a t t e r a p p e a r s t o 1be ' a s s o c i a t e d X7ifh t h e d e n s i t y 
, d i s c o n t i n u i t v (Fig . - 5.I-8bK •"• , 

* > • •- v 

• ' ' -- , .-
T e r r e s t r i a l mater^aLocould obviously be p a r t l y respons ib le fort the 

" " « • . V " . 

1 < S * fc. „ ' ° -

high l i p i d c l a s s , va lues observed a t the py-cnocline-f The problem X7ilth 
n t 

• , " *" 
t h i s i n t e rp re t a t ion - , , hox7ever0 i s tlh-at the l and-der ived m a t e r i a l x7ould 

- ., - fc ' ' - » i , * * •. < 
' "* h * "** ^ 

have t o . somehow b y p a s s t h e 10 m t r a p , Whi le t h i s would pot be 
*"* - **•* " ' "- v * * •" ** -• 

' impossible, , t h e r e i s evidence t o suggest t h a t t h i s does not, happen. 

Meyers e t a l . (1984) found . t h a t t h e o r g a n i c m a t e r i a l in m i d w a t e r 

p a r t i c l e s -in Lake Michigan X7as predominantly of aqua t i c o r i g i n . 
i 

t 

<£7 

5 . 4 tConcgliiiaioEii' ' J . - ; 

" * n 
J 0 , j , fc 

The dissolved and particulate lipr̂ d class data collected near the 

edge* of .the Scotia-n Shelf compare, uejJ-lB both qualitatively and 
,, • 

quantitatively0 X7ith other lipid -data collected in other ohel'f 
. . - fc. ' ° 

> - * ( « - f c . v „ , _, 

-. jr r e g i o n s ( K e n n i c u t t and J e f f r ey . , 198 la D b ; b h o s l e e_t ajL.„ 1983). 
Dissolved l i p i d c o n c e n t r a t i o n s w e r e - c h a r a c t e r i z e d by a high degree of 

" - • . v a r i a b i l i t y and the ' r e x?ao a c o n s i d e r a b l e r a n g e i n t h e r a t i o of 
/ 

d i s s o l v e d t o p a r t i c u l a t e l i p i d s . Thtf* l i p i d class,, da ta in these nholf •• 
• 
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studies-, t oge the r wi th the x7ork of Boehm (1980) and Pa r r i sh <Chapter 

4)D s u g g e s t t h a t The l i p i d c l a s s c o n c e n t r a t i o n s measured i n t h e 

d i s s o l v e d and p a r t i c u l a t e f r a c t i o n s a r e t h e r e s u l t of somex7hat 

independent processes occurr ing on s i g n i f i c a n t l y d i f f e ren t space and 

t ime sca les . 

High d i s s o l v e d and p a r t i c u l a t e l i p i d c l a s s l e v e l s X7ere o b s e r v e d 

e i t h e r d i r e c t l y above the pycnocl-ine or , in i t s immediate v i c i n i t y in 

t h e > four environments sampled in the p resen t study. The presence of 

c e r t a i n l i p i d i n d i c a t o r c l a s s e s s u g g e s t s t h a t b a t t e r i a and 

z o o p l a n k t o n t a k e a d v a n t a g e of t h e e n e r g y - r i c h compounds t h a t x-7ere 

concentra ted at the d i s c o n t i n u i t i e s in the xffater columns. 

The s p a t i a l h e t e r o g e n e i t y o b s e r v e d i n l i p i d c l a s s e s i n t h e upper 

wa te r column in the present study adds t7eight t o arguments aga ins t 

thd t rea tment of d i sso lved or p a r t i c u l a t e organic carbon as a s ing le 
c 

v a r i a b l e in oceanographic processes . Harvey (1983) has summarized the 

l i t e r a t u r e da ta on the extensive v a r i a b i l i t y in the. concen t ra t ions of 

t h r e e of t h e major d i s s o l v e d o r g a n i c c l a s s e s i n seax7ater . Th i s 

v a r i a b i l i t y i s n o t r e f l e c t e d i n d i s s o l v e d o r g a n i c c a r b o n 

measurements, and thus DOC cannot be t r u l y r e p r e s e n t a t i v e of organic 

"processes occurr ing in the upper X7ater column. 

The same argument obviously a p p l i e s t o p a r t i c u l a t e organic mat te r . 

The use of a s i n g l e c h e m i c a l f o rmu la ( R e d f i e l d e t al .o 1963) o r a 

s i n g l e c a l o r i f i c - c o n v e r s i o n f a c t o r f o r p h y t o p l a n k t o n ( P i a t t and 
.fc*. 

vX*ra£n- 1973) j»hac been an accepted p r a c t i s e in oceanography for many 
*\ 

y e a r s . One a rgumen t *in s u p p o r t of t h i s p r a c t i s e has been t h a t t h e s e 
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4. 

s i n g l e va lues a r e --reasonable' global averages? iKwevgr- the genera l 

a p p l i c a b i l i t y of even t h e r a t i o g iven by R e d f i e l d e_t a l , (1963) i s 

be ing" b rough t i n t o q u e s t i o n ( Jones e t a l . s 1984; Takahash i e_t 

gal. g 1985),* In both these l a t t e r s tud ie s t h e r e i s some ques t ion as to H 

,. wfrat i s a reasonable l i p i d content of decaying biogenic ma te r i a l in 
c\ 

,, t h e w a t e r column. Qhse-rva'tiori-tS made i n t h e p r e s e n t study"shot? t h a t 

w i t h i n j u s t t h e t o p 100 m of t h e x?ater column t h e h i g h e s t l i p i d 

v a l u e s can be expec ted t o be s e v e r a l t i m e s l a r g e r t han t h e lox7est 

va lues both in terms of concent ra t ions p e r " l i t r e and in terms of the ' 

p ropor t ion p f^ to t a l organic carbon. Clearly i t will, be a while before 

X7e can d e c i d e on a r e a s o n a b l e g l o b a l ave rage l i p i d c o n t e n t f o r 

p a r t i c u l a t e mat te r . , 

There a r e , hoxv-ever- i n d i c a t i o n s i n t h i s Chap te r and in Chapte r 4 

t h a t X7ithin c e r t a i n d e p t h s i n t he w a t e r column and d u r i n g c e r t a i n 

t i m e s of t h e y e a r i t would be p o s s i b l e t o e s t i m a t e an a v e r a g e 

„Y 
"* p a r t i c u l a t e or dissolved l i p i d content. The importance of hydrography 

in determining the l i p i d coptere^* of a seawater sample i s confirmed by 
•• **' ' -. • 1 , ° 

t4*te s u r p r i s i n g s i m i l a r i t y betx7een l i p i d data obtained in t h i s study, 

, and data from other s tud ie s i n s i m i l a r X7ater masses. 
i > -fc.. 

0-

* *, J 

1 

* 

c& 
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"-* (SEEEMIL tSOKCLlIJSIOEJ 

Lipids can be categor ized i n t o as many aS tx?enty c l a s ses according" -

t o t h e i r chemical s t r u c t u r e s . The compounds in most of these c l a s s e s 

have knox?n funct ions in var ious , types of c e l l s or known anthropogenic 

sources. It is possible to distinguish energy storage classesD 

membrane, classes- pollutants- and indicators of lipid degradation. £--

Individual classes or groups of certain classes can thus be used to 

indicate the presence of certain types of organisms as well "as their 

physiological state and activity. The presence -of other classes can 

prpvide a signal of poor xjater quality. "* <o 
i •» 4r 

The measurement^ of the complete suite of lipid clashes in both 
* . « 

dissolved and particulate matter in several different studies in this * 
6 r. ' 

'fc, 

thesis represents a nex? approach t&' research into important 

oceanographic processes. A nex7 analytical, technique xxasAused to make 
-V "* 

the lipid class measurements: Chromarod thm-layer chromatography 

(TLC) x?ith latroscan flame ionization detection (FID). In order to 
e 

-. make the seaxxater determinations,, development procedures xxere 

designed for the separation of marine lipid classes on, the silica gel 

coated Chromarods, The latroscan X7as slightly modified- to facilitate 
, " i i 

r ' 

_these development schemes. Procedures X7ere also elaborated to 

"^ptim^se the detection and measurement of lipid -classes in the 

latroscan. An intpvcalibration X7as conducted x?ith an independent 

laboratory using a different analytical technique. This comparison 

between TLC/FID and gravitaptry shox7ed that the two techniques gave 

very similar teaulto, 
"-- 227 %, 
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The TLC/FID p r o c e d u r e s deve loped d u r i n g t h e c o u r s e of t h i s t h e s i s " 
t 5 *~ ' - ° * ' fc 

x7ork x?ere used success fu l ly in the measurement of over 500 dissolved 

and suspended p a r t i c u l a t e seax7ater samples . ' The s e p a r a t i o n and 

c a l i b r a t i o n schemes x-iere a l s o found t o be app l i cab le to e x t r a c t s of 
* " • > • . 

'- ^ 
f r e s h t r a t e r s a m p l e s , s e d i m e n t t r a p m a t e r i a l ^ - s a m p l e s f rom-
p h y t o p l a n k t o n c u l t u r e s , b e n t h i c i n v e r t e b r a t e s and ne t - caug .h t 

i' 

z o o p l a n k t o n s a m p l e s . The procedure ' s deve loped h e r e a r e of v a l u e in 

f i e l d s o t h e r t h a n t h e a q u a t i c s c i e n c e s . There has a l r e a d y been 
.=» 

c o n s i d e r a b l e i n t e r e s t from o t h e r l i p i d chemis ts - , e s p e c i a l l y t h o s e 
•% 

x7orking in the fiel^d of medicine,, x?here the sample ma t r ix can be as 

complicated as t h a t of aqua t ic samples. 

In add i t ion „to t he development of TLC/FID techniques,, i t X7as" a l so 

necessary t o i n v e s t i g a t e the o the r s t eps in the a n a l y t i c a l process. 
••"• n - . 

.* _ 

I t was i m p o r t a n t to7,ensure t h a t sampling, , e x t r a c t i o n , s to i rage and 

sample concen t ra t ion procedures xrere, al-l^contpgtlble \zfith the TLC/FID* 

a n a l y s e s . Dichloromethf ipe X7as found t o Be*an e f f i c i e n t e x t r a c t i n g * 

* rt) 
solvent,, and due t o J ^ j F ^ e l a t i v e v o l a t i l i t y - , i t s use i s an advantag"e 

o v e r o t h e r „ s o l v e n t s a t t h e c o n c e n t r a t i o n s t a g e and x?hen a p p l y i n g 

s a m p l e s t o Chromarods . Samples could be r a p i d l y c o n c e n t r a t e d a t 

r e l a t i v e l y lox7 t e m p e r a t u r e s ^ i t xxas a i s o p o s s i b l e t o m i n i m i z e t h e 
i" 

spreading of m a t e r i a l along the Chromaroda during s p o t t i n g . j 
The environmental research in t h i s t h e s i s has centred on procctooeo 

occur r ing among the u n i c e l l u l a r organisms x7hich.£orm the "base of the 
food-x7ebs in the oceans. Unt i l recentlyt, l i p i d research '"in t h i s f i e l d 
has been conducted x?ith e i t h e r rough t o t a l l i p i d measureiaento or 171th 
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ga t ty acid measurements X7hich gave no i n d i c a t i o n o£% tehe l i p i d c l a s s e s ^ 
*»•* W» fc. 

t o X7hich t h e f a t t y a c i d s b e l o n g e d . In t h i s t h e s . i s 0 TLC/FID has been *> 
> "' t •**•*'-?, rZ 

used to i n v e s t i g a t e i*he product ion and d i s t r i b u t i o n s , of d i s so lved •'-and*- *»*-- , 

. s . ^ - „ -<-* *"- *=-*- "*:v 
p a r t i c u l a t e l i p i d c l a s s e s i n two complemen-tary t y p e s of stud*-*-. " •% JT 

fc, - S»j' " " •* ' * tfcfcfcfc, fc 

* _ . . . . t. _ o_ . _ j , * -» * " * ' _ „ V5̂  Laboratory c u l t u r e xxork lias been c o n d u c t e d un^der h i g h l y c o n t r o l l e c S *fc 
, . * ' ^ **% Pu 

-cont r i t ions^ and severa l f i e l d s t u d i e s x?ere conducted t b see hox? the""1"-
^ .* 

labora.tQfcry^cfata r e l a t e t o w h a t i s . , o c c u r r i n g i n t h e w n a - £ u r a l 

fc . - . „ - ' f ., -**- . ** * 

environment. _ a „ 

te -* ' Thg~ l a l f p r a t o r y xxork xxas c onduc t e d x-jith c u l t u r e . " of t b e S a r n i e * ' 

* * * * • * 

- diatom Phaeodactylum,!, t r i cornu tum. The va lue of such a study i s ntpo-
•* ., c L ' « * • » - , _ "^x *•} 

fbld. An unders tanding ofr/factgrs a f f e c t i n g l i p i d product ion by a lgae - **•. 
a ' -• » 

«. f* fc^£* 

i**t t h e l a b o r a t o r y ""should g i v e i n s i g h t s i n t o t h e dynamics of t h e ^ , *=•» 
•«• * ' * -» „ **" -^ 

' fc v* " 

<-• p r o d u c t i o n of qompounds x?ith h i g h c a l o V i f i c - v a l u e a t t h e base* of^ •***" 
food-t7ebs. T h i s - i n f o r m a t i o n c o u l d a l s o be u s e d t o manipulate-?, t h s ,atr 

fcfc »**S-fc ^ 

l i p i d c o n t e n t of a l g a e grox?n i n ' l a r g e s c a l e c u l - t u r e s t o p r o v i d e 

optimal l i p i d product ion fo r commercial applications.-> » „ *" > 
* « » ^ , «*• 

The cultures-studies focused on the effect of changing t,he r-ate of •* 
* / \ » J * * • • 

r f&t 

. < * ' 
n i t rogen supply on a l g a l l i p i d ' c l a s s production^ Both dists-olved sstid*^^ f 

1 ^ ' ** ,r* k 
) p a r t i c u l a t e l i p i d p r o d u c t i o n X7ere i n v e s t i g a t e d u s i n g cage11 c u l t u r e 

t u r b i d o s t a t s f o r c o n t i n u o u s a u t o m a t e d c u l t u r e . T h i s new c u l t u r i n g % 
4 Y * 

technique c i rcumvents t h e major problems- t h o t occur x?ith Taicrd.c6sms«fc 
\ T ' - ; " ' - ,s 

and p a t c h c u l t u r e s ; , c o n d i t i o n s arve n o t c o n s t a n t l y chang-ing in* t"Sa 
* * * • * . ' . w *•.> ~-» . -*fci. 

c u l t u r e vGGael. U-ad-er a -g iven s e t ,of eagperimental donditio£Ea0"'groi7th 
. . . . & < 

/•^Qt.Ojrf-ind the- phyc ica l and chemical env^iro'niaent'- o£ t-fe^ c e l l a ^ r e t a a i n 
, *• » ' * • ' .. * * \ 

r o l a t i v e l y eonatant . In p r i n c i p l e 0 anyj:be,ngea t . tbat occur,, i i i t h e cage 
. . . » * * - - • - * . 

t « ~ - - * . * ifc<> 

*: > " - . • fc ". -*•"" J V ° " ^ " " A 

• : / 
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^ -fc.;.. . . .. t. 

culture turbidostats are rth§ "result pf some alteration cause"d by the 
. - * " * • * - H «.*-* 

>» > rf *" ** * ' 

researcher. In practise,./" there are (
r tt)f course-, deviations from th is 

i d e a l bejiaviour. One example given in-.-Ch.aprer 3 .is the unexplained 

^^^^-e^an-ge from the normal unicellular.- forms of 'Phaeodactylum tricornutum 
to i t s chain-form. I t i s possible to minimise any .effects associated 

»• • * i .... 
• V i . * * * f ' . v o 

-fc, Q . 
X7a.tb-*x-jbate*7er ut*Stnox**n variables there are in the system by repeating 

> . \ ., ** - >t ^ / * 

the ^experiments X7ith each turbidostat . In t h i s ways dause and effect 

can "be undeniably linked, * * *' 

-" In the stu4a.y* described*'i"lj Cb.aVter>3 D, up to t h r e e ; c u l t u r i n g u n i t s 

were supplied X7ith medium of knox7n nut r ient content simultaneously,-
„ " * » * »• - i 

and o the i n t r a c e l l u l a r l ip id- -conten t and the l i p i d content in %}\<2 

effluent -^meaia uere" monitoredo I t uas found tha t tbe in t r ace l lu la r 
4- "a 

° * i " 
synthesis of a s torage componeift-, trigly-ciaridep, was^clearly triggered 

%* « * 
by ni t rogen-s t ress . This r e s u l t p a r a l l e l s obse rva t ions made during 

• fc > > -

spring blooms in Bedford Basin (Chapter' 4). Triglyceride became the 
-

major l i p i d class measured in par t i cu la te matter from the^time of .-the* 
"" u -

-* chlorophyl l maximum Bonx7ards",j a period xzhen there -xre re s ignif icant ly 
lox?er nutr ient leve ls in the X7ater column. 

h ' The- direct ing of anabolism tox-ards an energy-rich storage component. 
"* * " * " under cond i t ions of n u t r i e n t s t r e s s has impor tan t e c o l o g i c a l 

- - '» 
> implicat ions. I*t x7buld suggest t h a t ° t h e most e f f ic ien t tranDfejf of 

* n 

e-nWrgy to-^tjie neitt l e v e l in the food-xyeb during a bloom uould be 

"af ter the mĵ dmum,-. chlorophyll a concentration occurred, tleaaureiaonta-' 

of zooplankton ac t iv i t y by Gonover and Uaysaud X1984) during oprin^. 
' Bet ' . . . 

blooms in Bed£6rd BaGin i n d i c a t e t h a t zooplankton do indeed take.. 

http://in-.-Ch.apre
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aavmvta-ge o f e f l e rgy^ r i c l i pa^£^cjt*esApri^fent-* a f t V r ^ t h e fehl^oijpphyl !;*<-• . ~* z 
- , . " * * * » '"--i1-^ ** - • - > • * ' * ' - . ..' • ,. 

- ' - • - ' " • " * * * - * * * * . , - * ' > * * - ' j - - . " * - * - . * ' . 

* m a x i m u m . < * . . _, ' , "*-* ** *. * * , • "• ' ^ ' ' • ' • • ' f c "" "* ' - . " 
* . * « „ * * * . . « . l • ~ ' " r y . » * f c J . f c , " • 

* "*• * 0 - , - . , / - - • - ; * - - 1- - * v.-v a ^ . ' •* - *". < ** , -

The accumulation of «tx--tglyce«ri'de .under, conditions of stress eaj*C ..*.-«. 
*• - « - * - ' . " ' . - jr. * - * s - • * * " ' - " . ' - - , . * 

" ' •* " v ^ - » - . ' . . - ' < « ' *".**, • " „ * , , " " - ' . ' ' * •' * „ 

a l s o be cons t rued ! a s % n ' a l g a l * s u r v i v a l mechanism..^ Th'e s i n k i n g oii " ' • 

" c e l l s ot*t of- sHirrace tx7at.ers a f t e r a oloom should, provide & Source-of'** £ f. 

t r i g l y c e r i d e ' - t o , t h e b o t t o m of t h e s u r f a c e mix-ed l-ayerD^x-jhere.. the-- *•" ,*, 
° • " * - " * * v- i j . . * • • - • , 

dens i ty d i f f e rence would ac t as an impediment t o f u r t h e r sinking-; """'Thê  „**,. 
. . • » . * * - - , * • ^ -

- f a c t t h a t t h i s -occ&rs i s s u p p o r t e d by t h e *obse ' rva t io ,n , t h a t * '*-
*"*,,«. «* - - . - ^ >. - " 

- ' •- "° ^ " - f c ' . <? , * " 

p a r t i c u l a t e t r i g l y c e r i d e lev,els-t7ere do^-siste-atly a t the i . r . h ighes t in 
* **. . v 4 ^ v. * 

fci-.H-fc-^-fc. * * f c - f c f c f c * 

t h e vi-ci-nity* of1 t h e pycn .6c l ine m 'a x?ide v a r i e t y of e n v i r o n m e n t s . 

i^ \ i \ „• : -9 ' ' 
(Chap te r ,-5). --This t r i g l y c e r i d e c o u l d p o s s i b l y "be i m p o r t a n t i n •* 

* . '«* ** * 
tfc" . •• J , 

. ' . \ * * * 
main ta in ing the basal* metabolism^ of a lgae X7hile they ax7a±t a -m.ixing 

' • ' , * ' _ , . ' "fc. « ' - * » ' -

evesit t7hrcb would* t r a n s p o r t them bacltr" t o s u r f a c e > w a f e e r S wi th" <« 
c replSnishet*! nutrien*t l e v e l s . . » - . . . . • - . . - * ^ - _, 

•!? The lipid-r*Sch p a r t i c l e s • p re sen t at& pycnoc l ines (Chapter, '5) ' could ,« 
^ , » . • ' "fc > . - - - -

be an impor tan t component "of a form of "-false* benthos.' X7b.ere e l eva t ed , • s. „ • 
<5- . . . ' « . ' • • * , , 

. ' ' , * » • • 

l e v e l s of b a c t e r i a l and sooplanktonrLc a c t i v i t y X7ould o c c u r . ' T h i s - * 

e l Q v a t e d ' v a c t i v i t y x70Ul-d e x p l a i n t h e e l e v a t e d ' d i s s o l v e d l i p i d 
, - ' * « - * • ' 

. * 'r ** "*" 
c o n c e n t r a t i o n s t h a t xi-ere saeasured i n t h e . . y i c i n i t y of py-cn.oclin.fces •*•- •>• -

" ' < % - ' , * " * < • 

( C h a p t e r 5 ) . ^ '*** • , .* ? - " > * * 
> > ,- c - . fc *> * . ' 1 " 

There X7ere o t h e r i n t e r e s t i n g " o U ' s e p j a t ' i o n s make disr ing blo'6m!'S',{in * - \ 
, ' v - * * v'.fcfc « -fc* • <«- - « - , - • , fc . ' ' * * » . • * * • fc-

t ' j . * if* " I. !• 

Bedford Basin. The, fiiajor p a r t i c u l a t e ^ i p i d c l a s s e s ^prfesent aftfer^tBe . 
' " ' J-" * i «*. * * ' '*• "" " >• jj" 

fc. * * i* " * / • ' , - , _ , , - * ' " J . . • * • • -t t ' t* " ^ * * " 

e h l o r o p b y l l taasitgia ougge-3t,ed t h a t ij»i a d d i t i o n t o i n c r e a s e d energy- . V* X-
- • • * * " * - . • * ' ' ^ * i f c . " ' 

. ' / ' - , » * , - • » * « > - * * 

- . f c * e •* •• ' # -**-J— * r f . 

storage-, t h e r e was aloo^a*' g r e a t e r -degree pf d e g r a d a t i o n of 1 ip-tds-" and,-, -
•* " * , „ , fc-*" * * " « * > *-

a h iGhor l e v e l o£ iaicroS5.Gt<fc!rot.r45phs, * * _rt.. . * • * » -, , - - . > . 
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P a r t i o - a l a r e . s t , e r o l s shox7ed a v e r y c l e a r ' s igna l bo thNdur ing t b e 

. phy-toplalaktori blooms and in, the turbidostaj t cfultures-i I t x-70ul'd seem 
• .- 7 - „ - s •• 

that*, the Xe*yel of p a r t i c u l a t e " s t e r o l present m a. marine sample could 
. . - . . fc ' T 

fc.^-''' ' ' » • • » 
" ? . - ' - - - * . , ">• " 

"-, - be ..directly*'linked to phytoplankton'g"rowth rate, provided chlorophyll 
- - - - . * " * • • * - , . * . 

•• f •- . - -. -* , - -

* • *-. .§.,* -teyjpj. s»x7e r e h i g h and a n t h r o p o ^ n i c o r ' t e r r ' e s t r . i a l . s t e r o l 
* " '•"".*-. —fc*-- . * 

. - **•} - c o n t r i b u t i o n s X7ere lox7-, • 

• ,„"..*" ** .,* ;" During, the, 19-82 .Bedford. Basin spr ing ^loom.., the concen t ra t ions of 

.*- *» .. * dJissOlved 1'ipid.. c l a s s e s xi'e'i?e no t co - r r e l a t ed ,x7ith. t h o s e of t h e 
""** *t"' -•« - , / - • * ' - • ' ' - . ' * " * . . * *~ " l 

*•* -^ - ^ - - f c . - - . - . j -v * 

\ * •*-*to-*l p a r t i c u l a t e l i p i d c l a s s e s . , An-une-xpected ob-se rva t ion x?as t h a t t h e 
*- *.-• s* -~ - * . ^ -. - • 
'" ~ •=&. V * * . " ' * . - ' * • . - ' ' fc . >.. » - < .?* **£ lowest coneentra t ier is of d issolved l i p i d s X7ere measured near the t ime 

" 5 r » • ' - ^ ~ > E - fc'>* 
£ ( fc.V* - " * *•• , . . , <*=-*-=• * * .. 

4̂  "*• ,j*7ihen-the. maximum chlorophyl l a V a l u e x? as-measured. This sugge,sts t ha t 
-> ifc ** - • • * • % . * - * w * ; - - • , » - - - , v 

* jk ip id - " re l ease byka3.gae i s decrease 'd a t t h i s t i m e and t h a t up take by 
fcfcT-S . "" - " ' ' - * V ^ _ . * ^ \ -fc f 

* f c - i _ , . . • . " ^ • 

^ -C b a c t e r i a \ i s increase'd.- In additid-h,, Chapter A provides .evidence tha t 

•/•* "f ., x-7then d i s s o l v e d i n o r g a n i c l e v e l s of, phosphoru'e and n i t r o g e n become 

d'e-ple.ted, a l g a e u'se d i s s o l v e d p h o s p h o l i p i d s a."3 a sou rce of t h e s e 
& 

f-'.- ' e lements . ' ',-* - i 

s t h e s i s 

d c l a s s 

.-** .»* * ~ Tbe v a r i o u s ti-tue s e r i e s a n d p r o f i l e s d e s c r i b e d , in t h i s 
* ^ , r f ^ * ^ 4 ^ . * «• • - - . 

+ . , • " * « , " **- y • ' 

p .'„-, _~ . i n d i c a t e ' t h a t . t he p r o c e s s e s c o n t r o l l i n g d i s s o l v e d l i p i 

*v - ^ c o n c e n t r a t i o n s may be i n d e p e n d e n t of those c o n t r o l l i n g p a r t i c u l a t e 

^ \ . , . - " l ip id clflss concent ra t ions . The s p a t i a l and t e m p o r a l h e t e r o g e n e i t y 
- . - • - * i — . 

*. , «... t h a t appears t 6 be c h a r a c t e r i s t c of dissolved and p a r t i c u l a t e l i p i d 

-fc&V •- ' * cl*£tss c o n p e n t r a t i o n s w a r n s a g a i n s t a s s u m i n g ahy u n i f o r m i t y in t h e 

- :l ' * "comppsit*i,on-. of t o t a l disso,lve-d m a t t e r or to-tal p a r t i c u l a t e matters 
" * i ss < " . " _ T i 
' „" <" iV^b-sre has rrever been ;any l o g i c S d r e a s o n t o suppose t h a t DOM or POM 

fc. ' v - fc 7 * ' ' 
, T'/,"1 '/_",c"dij -be" .treated«©r x?ould beb.QVGJ.ikp an autonomous un i t in the phot ic ^ " - *.-. -* . - v. 

http://beb.QVGJ.ikp
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-.-•-• H \ \ 
zo-Ei'ea, ye!fc*r"it i's still often thought of in this manner. This thesis 

/ "*"". ., *• l " ° 

s u p p o r t s * the- c o n t e n t i o n t ,hat t h i s i s not,, in fac t B a * r e a s o n a b l e 
fc. ' ^ *. -* I 

assumption. B ' ' -** ° 1 • 

The r e s u l t s of the measurements-made in t h i s t h e s i s t o g e t h e r X7ith 

t h e i r i n t e r p r e t a t i o n - s u g g e s t s e v e r a l f r u i t f u l a r e a s f o r f u r t h e r 

r e s e a r c h . F i r s t l y , , more c u l t u r e x7ork X7ith o t h e r s p e c i e s x7ould be1 

useful t o examine the universa l i ty* of the a l g a l responses t o s t r e s s 
- f c . f c f c . f c . 

*• 'observed i n Chapter 3 . I t X70uld be x7orthx7hile t o extend the s ' t ress ing 

f a c t o r s t o i n c l u d e d e p r i v a t i o n of phosphorus-, _ s i l i c o n and l i g h t . 
^ * . -5 . 

C o m b i n a t i o n s of • s t r e s s i n g f a c t o r s cou ld a l s o be examined . . An 

^ i n v e s t i g a t i o n i n t o t he u p t a k e of p h o s p h o l i p i d s u n d e r ^ s t r e s s e d -

cond i t i ons may provide some impor tant in format ion .on a l g a l su rv iva l 

s t r a t e g i e s i n o l i go t roph ic x?aters. ' <• 
<r ' - * 

^ . •* 
With vthe r e s u l t s descr ibed here-, f i e l d x7ork coui°d n.ox7 become much* 

more focused,, and x7ith the r i g h t equipment -and s u f f i c i e n t x7orkerSj, 
' ••> 

much l e s s arduous. The key to* a successfu l sampling programme in the 
t , 
f u t u r e x7ould be n o t to ' "uss t h e labour* an'd t i m e i n t e n s i v e s u r v e y 

< * 
approach used predominantly in t h i s t h e s i s . I t xrould be impor tan t t o 

•» * • -I . , 

use continuous recording,, in -s i tu devices as much as poss ib les good 
i 

CTD d a t a a r e e s s e n t i a l f o r s a m p l i n g a t d i s c o n t i n u i t i e s . I m p o r t a n t 

\ I 
o c e a n o g r a p h i c p r o c e s s e s could be folloxjed" by m e a s u r i n g i n s i t u 

*° v. 
f l u o r e s c e n c e &nd b a c k - s c a t t e r . In t h i s way i t x7Quld be p o s s i b l e t o 

**• 
cample for l i p i d s a t -s t rate .glc po in t s in space and t ime; super f luous 

ii* 

a e n o u r e r a e n t o X70uld be a v o i d e d and i m p o r t a n t - e v e n t s ' X70uld n o t be 
•» 

s 

•Eaisaed' . . . 
6 ' * - t " 

*i 

/ 
**.-
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This- appendix gives & summary of the dissolved and pa r t i cu la te l ipib. 
fc , rf- - — - — = -

class , da ta obtained during- the 19 84 Spring Bloom in Bedford Bagin. 

The data x?ere obtained from -£hree s t a t i o n s one in each of Bedford 
* * * 

Bayo 'Bedford ""Basin,, and Hal i fax Harbour-, Nova Scot ia . The exact 
Wi fc . Z ~ -

locations* of the s t a t i o n s are given in Chapter 4 (Fig.° 4.1)j. The 

fables on ' the follox7ing tx7o pages give the day-sampled in Ju l ian days 

and the depths and s ta t ions sampled on each day. 

A dash indicates a depth that x?as not sampled. All the data are for 

Bedford Basin unless otherwise"indicated. The pr incipal f igure given 
1 ' • ' , * * 

four each depth i s t h e t o t a l l i p i d . c o n c e n t r a t i o n in u g / 1 . The figttr£—- "*' W * \ : " -
beaox7 the concen t r a t i on • i s the t o t a l number of l i p i d c l a s s e s 

detected; the abbreviation efollox7ing th i s number indicates tjne lipid- -. 

c lass that x?as the majort contr ibutor to the dichloromethane extract . 

An exp lana t ion for t h e , a b b r e v i a t i o n s i s given in Chapter 4 (Table 

4ol). In tbe case of d i s so lved l i p i d s (Table A.^) ^MPL "was aliaos-,t - -," ' 

alxjays tbe major contributor^and so the second la rges t component has > 
, \ • 

also been given. W 
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Table A.1 

The d i s t r i b u t i o n of p a r t i c u l a t e l i p i d s during -the 1984 spr ing bloom. 

}J.ulian day 

Depth 

i 

1 m 

Bedford 
Bay 

- -, 
-* 

Hal i fax 
Harbour 

o 
0 "-

3 m 
y 

t 

5 m 

9 ' 
•fcfcfc? 

Bedford 
Bay * 

H a l i f a x 
Harbour 

p 8 m 

15 m 
• * 

35 ta 

55 m 

f 47 54 

- . 4 5 " 
° 8,-FFA 

•a 

0 

° t -

. 

«>- — 
/ 

.3.2 43 
10 D TG 9„,AMPL 

O 

t ' ' fc 

i 

23 • -
1 0 o H C 

. 

. 
-fc*> 

61 * 68 -* * 7*2 75 89 " 96 
« - , -

* • " 

42 1 2 3 * "94 61 53 * 80 
80AMPL lO^TG . 9-fFFA 8,TG 90AMPL 9DTG 

•3 

* « V a, 

* - •"• 

•i 

• > 1^4 - - s -*- * -
'10-AMPL 0 , . • 

107" - .- .220 254 . 2 3 1 191 
9,-fc.AMPL -8;TG 80TQ lO.TG 10-.TG 

- . " 82 ^ - l -
* * * ^ T G 

• „ O 4 i V» 

- 48 „ , - ' * ; -
9fiFFA - - > 

_ 

- - - 50 $0 
8„AMPL SpAMPL 

<*• 
* 

* - _ , ' . ' _ 44 41 

* ' " 9.AMPL 90HC 

— — " — — 9 9 97 
8.Aim,*>*fcMiffi[' 

103 

72 
90TGS 

91 
8, AMPL 

108 
V8„AMPL 

0 » 
s 

-* 

156 
10oAMPL 

89 ' • 
9„FFA 

67 
8.FFA 

_ 

79 
9„HC 

_ -
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The-distribution of dissolved lipids* during the 1984 spring bloom." 

J 0 \ 

Depth - y " *68" 

.»'" 

.72 

Julian/day 

89^ 96 103-

1 m 

3 m 

5 m 

Bedford 
Bay 

Halifax 
Harbour 

15 m 

»35<ft tn 

55 m 

1-28 79 25 '36 * 
J3, AMPL. FFA 8, AMPL, FFA 7, AMPL, FFA 8, AMPL, PL 

., 16*0. 
7,AMPL.FFA 

76 86 ( - 88 .* 34 * 
7.AMPL..FFA 8.AMPL.TG 7,AMPL,PL . 5,AMPL,FFA 

108 : 
8, AMPL, FFA 

81" 
7 , AMPL.FFA 

52 
4, AMPL, FFA 

54 
8.AMPL.HC 

25 39 
5.AMPL.ALC 6,AMPL.FFA 

31 59 
5,PL,AMPL 9.AMPL.FFA 

26 31 
4 , AMPL. PL 6, FFA. AMPL 
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