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A SPlOOmoPHO'1'OMEmIC METHOD FOR 'mE ESTD4ATION OF
I

A semi-micro spectrophotometric method 18 described tor the

tlst1mat1on of chlorop~ll a, b, and c, aetao1n type oaroteno1de and- - -
non-aBtaoln type earot6DD1de in acetone extraots ot plant and an1mal

material. Developed specifioally tor use in estimating and oharac-

ter1z1ns plankton populations. the method is highly sens1t1ve and

practical tor shipboard usa. lriethode of collecting, prepar1ng and

extracting plankton aam,plee, spectrophotometr1c meaaurements, oompu-

tat10n ot raoultso and errore are d1aousaed.

The authors desire to exprees their appreo1ation tor the

advice and suggeBt1oIl8 given by Dro Ho Weston Blauer ot the Depart­

ment ot Botany, Un1vers1t1 ot Waah1Dgton.
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A BPECTROPHOTOIdETHIC MEmOD FOR 'mE ESTDlATION OF
~PI~

INTRODUCTION

A semi-micro method tor 'the s1multaneous spectrophotometric

dete1'Jn1nat1on of cblorophylls 6, b, and c and two types ot oaroteno1ds- - -
in 90 per cent acetone extraots of plant and 8n1mal material has been

. .
deYelopedD This method avoids the separation and individual determina-

tion ot the several cotJponente. reeultins in the minimum of man1pula-

tion. loea J and contamination of the sample 0

The ~thod was developed specifioally tor the examination of

plankton11 since pie'Jll6nt analyses o extended to inolude the Y81'10W9 chlo-

l'Opbylls and carotenold8, should give a measure of the ,potential of the

plaDkton tor absorbing 'i'ad1ant energy tor photoeynthefD1s ll same measure

of the extent and stage of development 01' the pb1'tOplankton, and a

pos8ible measure of the presence of an1mala g1'6zing on the orop. The

method oan be oons1dored aa a log1cal development ot IIarvoy's (5)

"pigment un!t" determinations p and the detem1nat1oDS ot cblorophyll

made by G1'8hamp Ito_nak1, Xray, mleYg and others (4 g 6, 8" 14) 0

The method meet" the praot1oal requirements of shipboard

uee nec8Bsary tor the determination of the p1smente in planktono It

permits the use ot relat1vely mrall water samples rather than net

catches" thus facU1tat1ng the tak1DG of subsurfa.oe samples, the oap-

ture of microplankton p and 40t1111tely fixing the origin at the sample 0
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One to two litera of sea water provide an adequate sample

except in oa3es ot ve17 sparae 1l1ankton. Net ton readlly g1va

suffioient material tor analysis •

:METHOD OF ESTIMATION OF PLANKTON PIGMENTS

Reagents: 90 per cent Aoetone:

Reagent grade acetone 16 diatUled over aqueoU8 ~C% and

NazS03 solution, throUBh an la-inoh tract1onat1ng columna Bop. 55050C~

100 ml of water are p1petted into a one-liter flask and made up to the

mark with aoetone 0

Magnesium carbonate - Reagent grade powdered magnesium car-

bonate.

Procedure:

About one-tenth gram of pow<.\ered magnesium carbonate (to

prevent acidity and subsequ.ent pheop~vt1n format1on) is added to a

ona to two liter water sampleo After 6hak1ng, tb.9 sample 119

poured into an aep1~tor bottle f~ eh10h a rubber tuba f1ttedw1th

a otopcock lead8 to the intake ot a Foerat Plankton Centrifuge (Foerat

Meohanioal &. Speoialties Co.). The atopcock is adjusted so tbat 1

11ter flows through the oentrifuge 1n about seven minutes. The cen­

trifuge 18 turned on before the flow 10 started and left on until

r1ns1ng of the aspirator bottle 18 oomplete and tho centrifuge has

dra~nedo rlhen the 1~8t ot the sample has flowed through, the bottle

is rinsed three times with a strong stream of dlat111ed water. The

centrifuge is thsn stopped and the cup removedo
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/"'. The particulate .matter 1n tb.0 oup 10 50rubbad down w1.th a

rubber polioeman and riMed lnto a 15 ml centrifuge tube and the cup

re-r1neeei. The mterial 18 then oentrifuged at high speed. 1n a clini­

cal oentf.'1fuge for th."f6a .m1nnteB, thB ~l8.trar poured 0:("1: and the pa.laticu­

late matter allowed to drain in the tuboa The tube is placed in a

vacuum des1ocator ·and dried.

When dry J a def.1n1ta volume of 90 per cent acetone is

p1petted into the t'Uoa and stirred with thepart10ulate matter and

magnee1utl carbonate.. The volume of acatou.e depands on the amount ot

plank~on present; 5 ml has bean used in moat caeas 0 The tube 1G then

t1ghtly corked and. placed -1n the dark for 18-24 hours, a~ter which time

the material ie again mixed, the tubs :ra~toppered and eentr1f"ugad 1n

the olinioal centrifuge for thre6 minutes at high speed.

The extraot 18 dec·anted :tnto a 1 em properly ee~1bratfJd

glass-stoppered COrol; ebaorpt1oD. call: and the opt1oa). &~n.a1tlee at

665. 645. 630, 510, a!1d 4.80 m",.....dst0m.1nod on a .Beckman Model DO quartz

spt}otl:'ophotometer (2, 4,). The red...sens1t1VB tuDe is W3ed tor reading"

at 665, 645, and 630 In..,Mj tha blue-Bons1t1ve tube 8.t 510 and 480 Dl.JU­

The tungsten filament l1ght souroe and 0.04 mm '911t width a~e used

at these ·wave leD~~rtheJ.
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Calculation 9£ Beau].t§,

The equations for the caloulation of chlorophylls 1l, 11, and

J1 ara:

D66S " .0667 Os 00065 ~ -&- .0011 CO

D64S =.0164 Ca 0456 ct, + .0044 Co

D630 ;:I .Ol~9 Cs + .0127 ~ + .0104 Cc

D66S, D64S, and D630 are the observed optical densities (log loll),

at 665, 645 and 630 mp. respectively, and are determined directly

with the spectrophotometero 0a' Cb, and Co are conoentrations of

chloroplv'lls !!, 11, and J!. Solv1Dg these equations gives:

·0s.(milllgrams/t) r: 15 0 6 D665 - 2 0 0 D645 - 0.8 D630

0b(mi"igrams/L) = 25~4 D64S .. 4~4 D66; - 1003 D630
Cc(MSPu*/L) =109 D630 0 120 5 D66S ~ 2807 D64S

It is evident from their spectra that the carotenoids make

no contribution to the optical densivat these wave leDgths.

The concentrations of two carotenoid components _re cal-

culated trom optical densities at 510 and 4S0 D1J1- The contributions

of the chloroplv'lls to these optical dens!ties were computed and

*Speo1tied P:1gment Unite (spu) represent a spac1tic b'~t unlmOtm.
exact wight ot the pigment which however 2PI4'oximates one graI!lo
(See page 9.) 0.001 SPtT &11 lMSPU (one thousandth of a speoitied
pigment md.t) •



,- sUbtracted, leaving ~esidual densities (Draa) whioh a.re "hhe result

of carotenoid absor,ption. The equations for these calcula.tions are:

Dres,510 =DolO - .0026 Ca - .0035 0b - .0021 Cc = .045 0nac ~ .169 Cao

DTes~480 =D480 - .0019 Ca - .0136 0b - .0054 Co = .203 Cnac + .249 Cae

whereCnaa and Cae are the respective concentrations ot non-aatao1n

-type and 8staoin t~e caroteno1ds.

Solving,

Astacln tYll8 oarotenoids (1aro/L) = 2{4~45 Dres)510 - Dres,480)

Non-Astacin type oaroteno1ds (11SPU/L) =7.6{Dres,480 - 1 ..49 Dres,510)

The indivic:.ua.l caloulation of "lihe several. components of the

carotenoid mixture was found impracticable t beoause in suoh caloula­

tions it 1s necessary to solve a number of aimultanaoua equations

equal to the number of oom.ponen"ts present and to make meD.surements

at an e<FJ.Bl nuniber of wave lang't;hs. Errors in such calctl~e.tioI18 are

cumulative, a.nd snell errors in density measuren:.en1is become DJa8lli­

fied. Furtbemore, the exao·t number of components is unknown.

depending on the phylogenetic groups rap:r.·saen'ted in the plankton (17).

To 1llustrate these computations, the pigment concentrations

in a plankton extract W6I:e calculated fram the observed opt1eal den­

sities:

D6G5 =.068, D645 = .020, D630 =.0185' DalO =.127 and D480 =.325

Ohlorop:hylJ. ::.' mg/ll =15.6 x .068 - 2 x lIl020 - 0.8 x .0185

=1..01 mg/L
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-. Chlorop~ll1?l1 .(ms!L) = 25 0 4 x ~020 - 4 c 4 x 0068 - 100 3 x 00185

a 0 0 02 mg{L

Chlorophyll !!os (l,iDl)U/L) =109 A 00185 - 12.5 :x: a>OG8 - 28.7 X 0020

:c 0 0 59 !.~SPU;":L

!DreS.510 =0127 - 2~6 X 000101 - 3 0 5 X .00002 - 2.1 X ~00059

= 0125

n 480 = ~325 - 1.9 X 000101 - 13 0 0 A 400002 - 5 0 4 X 000059; res
t

_
I

= 0320

Aatac1n type oa.rotono1da, m?U/L II: 2 (40 45.;x: 0123' ~ o32~'l

'1
I :: 0 0 45.1fSi.1£JIL

l~on~atacin carotenoids, SVu/L 2: 7 0 6 (9320 - 1049 x ~123)

;: 1 ()04 ·l.f1S.PU/L

nemoval.. or l'lan1.ton i'rom \'later samples:

The most satisfactory method f'or the removal or planlcton'

from water s8LlJ)les VIa.S the Foerst plankton centrifuge (Foerst

lIeoha.n1oaJ. and Spec1aJ.t1es OQli1pany) 0 Various paper, sintered glass»
I

I

~ld Oaldwell type til tel's, alone and coated with freshly :precipitated

barium sulfato, VIere investigated and rejected because of inadequate

speed or retention an.d the presence of extraneous matter in thes9pa­

ratod plan1."'"tono With the 1!loerat cant~ifugeo the plan..1tton oan be

collected trom one liter of water in about seven minuteso
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Extraction Methods:
, -

Less then nine hours of steeping were found to be inadequate,

although other workers have used much shorter periods (4 11 5, 8, 14).

i Atter toonty-four hOU1'8, there was no apectX'Ophoto.metriQ evidonce of

:deeompoa1t10n of pigments 0 Neither grinding nor xae-extraet1ng the
I

Icells with fresh portions of solvent materially 1nereaaed the amount

of p1grMlnt extracted; eVidently the excess of solvent was so great

Ithat the equilibrium distribution ot pigment waa greatly in favor of
I

'the solution instead of the llartioulata phase ..

IBear t e Law:
• n .-.:&tat

Dilution eAPsrimanta sh01red that at the 'Giave la1lgthla uaed

itor ealoulat1ng plgmant eonc~nt:ratione;: opt1oal d~~1tiea below 008

were direotly llroport1onal to concentx:at1ou p accox·d1ng "So BeeI~ts

,law 0 It wae neoeflsa:ry to dilute e,;tracto hav1:ag optical dens11;ieB

,CaJ.oula'li1on or Resul:ta;
.... 1 Q •••,~

Optical densities (log loll) of same of the mi:!tturos ot p1g-

mente obtained by acetone extraction of plankton I3E~leB were a.eter­

~ned over the "spectral range 320-'100 ~ (Fie;. lA, B) I, The aoncen­

:t:re.t1ons of the pigments oan be computed. trom thGse specr;;ra, ein,ee

the optical dana1ty is dj.rectly»:roporl1onal to GgnoentRtloncr

However, the c~putat1ona require knowledge of the abaorpt1on ooeffi­

cients of: each compo~ent at various ~'~'e lengthso 'rlla n'f.11].ber of

~ve lengths must equal 'lihe numbar of components to be computed r and
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FIGURE 1: A,!!

Abmorpt1on spect1.'8 of 90 per cent acetone

oAtracta of natural plankton collect1onm.
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each should 'be' Ohosen where tJ:l.e abeorpt1on of one of 'bhe oampounde

18 large c In the speatrat :range 320-6t'30 mu~ su:;.,a'tan3se. other than,

the chlo:rophJllo and caroten.oi&t frequently give high optical a.ens:1.­

t1es" el1minat1ng th1e range from the tlSefut portion of the lBp&ctrmno

~c1fic al)~rpt1on coett1ciants, of' 90 p~;r cant acetone

eolut1ons of "hlorop~lla 8. ana. b and beta. carotene haw been. :reported
. --

Imnthophylls expocted 1n the plauktonc, In orda:r to e:z=preS8 relative

concentrations of the latter 0Ol1t9ounds, ~~o1t1ed P1gJllent Un!ts (SPUj

'€4'"G used, These units an 4iUMd 80 that one rmoh unit in a 11t~~

. .
of 90 per cent acetone, has at the wave length of :naxj,~ abeorptc~onL

! the optioal danaity shown in 'lable 10 'fheae optioal dens:&.ties we~

chosen equal (or nearly eo) to the specific abeo:ePt1on eoeff;J.c1ents

,of cOXT9apond1IlG maxilna in the apectra of related compounds, and thus

the SP\J represents a specific but unknown weight of the pigment 'Qfl1ich

should be about one gramCl FQ~ t""nosa p1gmenta whose Speoifio Absorp..

'tion Ooefficients are unknown, the SPU 1s ~sed inatead of the gRm

in calculating §l?ec1tJ.2A Abl3orption Coefflc1entn I) ~ese are B:9tl1bol-

i ized by E,t: and E~ napeo1J1velyc Concen~t1oM ot ebJ.oroph;vll S.

·8D.d thf.l xanthoph.Vll~ 1n Table 1 can now Toe e~ra8ged '.Xl ~ema of sm

or thousandths thereof (MSPU) 0

of a group of' pigm@nte to be found in plankton.. The8~ wo:;e oaleu....

:lated fl"Cml preriouely reporta4 abso%pt1on a»6ctra (13) e.n<1 the'
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Table 1

Op~ical DeDl9itiee of Solutions Contsinh1g one Speoified Pigment
lkdt per liter of 90~ AC$tone at Wsw LoDgth of AbsorptiQn Ma:1timum

1

Wav~ Imstrth
ot Kbaorpt1om.
lIu1mUm ~COmpound .. ... . t

Chloro~ll e 445 83Q5

I
!
i
i

Neofucoxantbin A 447~ 251
-

Neotueoxew:thin B ~46...8 251

~eoxanthin 448~9 251
I

Diatoxanthin 451 251
I
I

DiadinC7.lW1th:iD 444-5 251

lAnltaein-type pigment 475 251
.I
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~bl~ 2
"Il : .~ ...

Specifio and Specified Abnorpt!o.n Coef'tici.enta
of Soma Plankton Pigments in 90% Acetone Soluticm~

....-..
0,
•
~
~

cq r;Q

~.'!i ;
d .oa 01, ft ~ a i~ :S i i1i

~

$.1 i :;1 ~ .

~ i ~ ~~~.~.3

B
;t

i4D i Jfj i
O-n

~
,..

Ire! !m! I~ IJ ~JIf ~
(90

~ g.J~ g JIi s;:I t;j &~ 9
o~ ft v if ~ Rre ~

~.t ~ ~M ~~ ~W~ .tf r-t -a UlP4 ~tn~ iCl)~
~(/)rE' ~ C3t(fl'~ ~ ~ &tar:r:£I e:Q eB r:4 ~ "'l ~

• Ii4 I

~ a Ii! a 10 0 c CSI3 fa; CIS

665 66.7 6\)5 1.1 0 0 0 0 0 0 0 0

645 1604 45.6 404 0 0 0 0 0 0 0 0

.630 1l.9 1207 1004 0 0 0 0 0 0 0 0

510 2.6 _eel 2&1 4So5 62.0 ,1,,3 56.6 900 33 0 7 169' 45

I~ 109 13.6 504 223 205 190 203 186 210 249 203

450 809 ~oO 78.5 244 249 .248 249 239 250 221 246

420 '10.'1 26.8 37d' 148 190- 192 169 l8l i84 ,147 1'11

* Values from B1charde and Thompson (13) except cblm-oph:rU S -.luas,
which us from ZSeheile, Camar, aDd lfaokiRJ'D'V (20) e
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conoentration 1n grams or SPU ot the pigment., in a m1:a;tu.r3 can be ce.l-

culated from the total absorption at those wave leDgthe. In practice,

it has been found neoeseary to group those carot"no1db ha7ing e.bs0rIJ-

t10n max1ma 010a6 to ~e50 ~, an.d calcula.te the conoentration or this

group as a whole.

Considerations wh10h l~d to aimp11f1cationa onabling the

above calculat10n of the two types of caroteno1ds follow:

The pr1no1J~e.l caroteno1ds ot diatoms and dinoflagellates

are beta carotene. fucoxanth1n, neofucoxanth1n A and Bp diatoxanthin)

d1ad1noxanthin, and ptgments of very a1mllar abaorpt1on spec'tI'a«

These "ere found by Strain, Ma.nn1n3 and Hardin (18) and R:i.eh9.r~ lJ.nd

Thompson (13) in a variety ot diatomaceouB and brawn alea~. materials

exem1ned by chromatographic ani!. spectrophotometl.·1c moiihoda 0 The

absorption apectxa of per1d1nln, reported by Stra1n, et ala as the

principal carotenoid cf dinoflagellates t and of neopar1d1n1n are ver;,'

sim1lar to that of tucoxan:th1n, although the two are ohromatognlphicfuly

separable" It ths above carotenold5 occur in a fixed ]·at5.o in. th'9

plankiton, they oan be grouped together and absorption ooett1ci0ntlJ for

the average m1xtu1"O ce.loulat8c1.

Paoe (11) has reported quantitative analYS6B of the pi@uente

occurring in oulturea of the ner1ne d1ate»n, N1tZ8ch1a Oloaterlu.m, Wil:'.ch___.ne~ ~,__,""'",.",

can be used to compute average absorption coett1c1ents. He found five

xanthophyll freotlona wh1ch, on the 'basis of the work ot strain, at o~.

-12-



(18) and the wr1tore (13) are assumed to be neotucoxanthin A and B~

tucoxanth1n, d1a.d1no:xnnth1n. and d1ato=nth111" ReV191ng Pace v5 1den-

t1f1cat1oJ18 in the l1ght of '~he more reoent work£) he found these p1g-

menta ocourr1ng 1n the following averaged rat1o~ :

!. mg/1OO gms Fraction
Pace'B ldentlf1cat1on #l weight of ~tal Revised Identificat10n-

Beta. caro"tene 65 0 S .10'1

Cryptoxanthin 11.1 0018 LNeotucoxanth1n A or B)

Lutein 87.9 .142 [olad1no- or D1atoxanth1n]

Isolute1n 22.2 .036 [Neofuooxanth1n A or B]

Fraction Y 339.1 .54:9 [ Fuooxanthin]
~

Fraction Z _90.2 .145 [Diadino- or D18,toxanthin]
Total 616.4

~

Fraction Y [fuconm"th1n] 1s by :ta:r the moat important eon....

*tr1butor to the mixture. The other las8 abundant pigments probably

occur in a more or la88 fixed ratio to tuooxanth.1no

Fram ·the foregoing ~t1os and the absorption coefficionts of

tho individual caroteZlo1ds f average specified abaorptlon coa:t:L'1aients

for these oarotonolda wer~ caJ..oulated 0 These coeft1aianta are the sum.

6 of the products of the ratios of the pigments found by Paee and the

absorption Qooft101entfJ shown. in Tabla 10 AveraBed ooefficients were

;;
Strain, at e.lQ and the present writers have round this to be the
case in othe:r diatoms as well Q8 brown algae. Strain (16) also
reports that in leaf plants, the ratio in which the mnthophylls

, occur is rather constant until autur:mal yellowing begins.

-13-



used tor Neotuoo:anthin A plUB B and for dlatoxanthin plua 41a41no"

zanth1n.

Ai; 4aO ~ Em, total non-astao1n aarotenaic1B as 171

450 DJ1 ~. total non-eatac1n carotenolC18 =246

~ ~ ~. ",otal non-aetac1n carotenol<is =208

510 DJ1' ~~ total DOn-astaoin oarotenold8 =45

'l'hsse are the coeffiolents used in the equations on page 5 tor the

calculat10n of carotenoid ooDcentrat1oDS.

*oaroteno1tla of the astaoin t)'Jl9 (Kuhn and Lederer, 9).

presumably Qharaoteristle ot the crustaoeau p can aloo be 8st1mated

when they beoome an important part ot the »lankton :piSmenti)o SBmples

of th1a pigment were obta1ne4 hom two plankton tOMS oonsisting ma1Dly

of cnstaoeanm (ooli'8p048, other crustaCt88ll& p oruataeean lQ'i18.8) and

a tflRl 41atoms o '!'he speotra of 90 per cent aQetone extracts of th18

material showed that one contained very amall amounts, the other

appreciable oODcentl'at1oD& of o})lorop1J111a. Absorption speonoa of

these extmcts. oorreoted tor the ohloNpbyll oontent, are shown in

Fig. 8 and Table :5. 'lheae speotJ:a are ver:/ Gimi )~ to those of pig­

ment extracts from eh1'1mp (Brown, 1) and a chloroform extraot of

lobster blood (Redfield. 12) and can be tentatively identified as

i
The absorption maxima of aarotenolds having 11 oonjllge.ted double
bonds ooour fu'ound 450 1D)11n acetone solution, whereas the maxima
in the speotra ot those oaroteno1ds havlD8 13 oonjugated double
bonds (e.g., astaoln) shoultl oacur 25-50 • oloser to the red.
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FIGURE 2

Specified absorption spectrum

of astac1n type caroteno1ds6. .
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SPECTRUM OF PIGMENT UNCORRECTED FOR CBLOROPH!LL CON'l'ENT.

SPECTRUM OF PIGIlENl CORRECTED FOR CHLOROPHILL COETENT.

POIJllS FROM SPECTRmJ! OF PIGMEIff CONTAINING CONSIDERABLE
CHLOROPBlLL AFl'ER SUBTRActION OF THE CALCULATED CHLOROPHILL

. CONTRIBUTION
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'fable 3

BeaUn Abtiorption Sp8ctrum of a 90% Aoetone Solution
of Au'teain..type pigment 8%tractecl from CruataCOBl'lS,
corrected tor Chloroph;yll § absorption.

Wave Wavo Waw Wave
Length E1cm Length ~OII Iiangth ~em JAngth ~cm
~ ~ ~ 5M

350 47&2 400 8403 450 220.9 500 20402

355 48o~ 405 92Q 7 455 236.0 510 16807

360 47.2 410 106.2 460 23600 520 1260 5

365 5006 415 121•.3 465 246~O 530 8601

370 5202 420 13409 470 251,,2 51JJ 5005 I
380 5900 425 l4609 475 2510 2 550 28 0 6

390 6900 430 16188 480 24905 560 160 9

435 17100 490 227.,5

440 195.4

445 208.9
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astac1nl) which Kuhn and Lederer (9) prepared from the Norwegian

lobster, Astacus~o Since the absorption maximum of esteem

in carbon disulfide and pyridine oacurs at 500 ~u~ and in acetone

solution should oocur at wave lengths 25-30 !l!P- nearer the blue (16),

it is concluded that the speotra represent a pigment or p1f3l.O.ents of

the aatacin type o~curr1n3 in naturally growing cruataceanso Follow­

ing the 'praotice established on page 8, a specified pigment unit of

the astac1n-type carotenoid was def1ned so that the optical denaity

as in Table 1 1a 251 at 4'15 ~o Specified absorption ooefficients

computed on this basis are shown in Table 2.

-15-
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Instrumental Error~:

At 10N opt1aal dens1t1es ll errors 1n ~dins the 8pectropho~o­

meter might become 1mportanto but at these dens1ties the scale d1v1-

a10na are large and :rea.d1rJge are reproducible within ...0015 dens1ty-
(loS loll) un1ts. The ooncentrations ot the five components at whioh

theBe instrumental errore cause 5 ~r oent, 10 per cent and 20 per oent

errore in conceni;rat1ona are shown in Table 40 .An absorption cell BUoh

as described by Kirk, at ale (7) 1n which the length to volume ratio

. 18 inoreased, should permit greater precision in the dete~tnat1onof

the optical densities ot the more dUute solut1oI1l3.

In plankton extraots. ohlorophy~l l concentrations have baen

~ found to be very mnall or absent; calculations frequently lend to small
I

negative values which are vr.tthin tho instrumental ·error.

Ohlorophyll c:
=

Large errors in the determination of chlorophyll .2. might be

eX!l9c'ted because of ita small absorption in the red spectral ~e. ,

In general these errors a.re d1tt1oult to ostimate, particularly in

v16W of the ditf1culty in preparing the pure material for study.

At conoentrat1ona of chlorophyll ..!'..· frequently found in 001­

leot10ne of mtural. plankton. the 1natrumental error ('lable 3) 'iIOuld

frequentlY' bo very large. However. both ohlorophyll c2. and carot~no1d

ooncentrat1ons can be ohecked by comput1Dg them from the optical den-

sit, 'at 450 ID)1p where the non-chlorop~llabsorption is represented by

DNs,450 =Dwo - 00089 Oa - .054 Cb - .0785 00

-16-



.•

&.

•

Tmbl* 4

-
Concentrat1onm of Pigment~ and

CorrGtBponding In5trumcntal Erroro

t 20%
or

~ 5~OClmpound art'lIr 't 10%

Chlorophyll
A, ws/L ~ ~16 ~32 mgfL ~64 to 12vS*

~-

Chloropb.yll
11, ms/L .; .25 ~50 1 0 00 to 20.0~

"'l

Ohlorophyll
~, sm'U/L J lv09 2.18 4~36 to 87~2*

Non-agtaoin
C&rotenoidfi

HSPtJjL <. 0105 c:210 0420 to 74f12~e

Aatae1n typs
Carotenoids

I1SPU!L :(, 0190 o3SO ,/760 to 6.08*
:IS

-
ii At higher ccmMntratlonm there is fA deviation from Bear's

Law and extracte mhould be dUutedo

-1&\-
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From the large ohlorophyll !. coe~tioient (this is within 5 Iil)l of its

absorption maxtmumJ. it can be seen that errors in its estimation

would result in inordinately large erro1.~ in Dres&450o

The good cheoks (.. 5-") whioh were found be~leen oarotenoid-
values calculated from optical densities at this wave length and at

480 1'J1j1, afford verification ot both chlorophyll .2. and oaro·tewid

coneentrationso

The cblorop~l1 c values shown in Figure :3 mf:iy appear high-
(even considering the errors discussed above) for a liigmant which so

many workers in the field have disregarded as unimportant 0 A search

has failed to reveal reports of other determinations of ohlorophyll

c in phytopla.nktono However" Pace dete:rm1ned ohlorophyll a and b in- - -
extraots ot Hitzs.ob1a ClosteriU1l1 (mg pe·r 100 gm dry vle1ght) as tollows:.............. ._. A •

..

..!La b-
2310 +
2000 95
1850 130

.. P..530 240

If' l~o 'Olooterium contains chlorophyll c instead of b as 1s true of- --
other diatams (13,18), then Pace's values (aastm1i.ng ohlorophyll l)

should be reoalculatedo His detarm1nat1ona ware based on a cnli-

b:retlon ourve prepared using a ohlorophyll b standard, which would-
have a muoh grea.ter optical denaity in the region measured than an

equal concentration of chlorophyll .200 This difference 'Would be greater

than the ratio or the spectral maxima because both peaks are .broad

-1'7-



FIGURE 3

Ohlorophyll a and c concentrations- ....
found in mea water samples.
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tor their height and a fUter photometer with a relatively wide trans-

m1s61on was used, thus involving the area unc.er the absorption eurve.
~

Bie filter would el1minate about one half of tM ChlQrophyll So. absorp'"

t10n ll but inolude most of the peak ot the ohloropbyll b used tar the-
ccnwtruotlon of the calibration 0Ul"Iel 0 It 16 estimated that the valuet;

glvan by Paoe tor tho second (non-chloropbyll a) ohlorophYU cgmponent-
are too low~ perhaps by a factor of ten to twenty. '1'he~fore Paoe t a

small ohlorophyll !t values would represent rather large amounts 01:

ohloropbyll .2..

CUoten.o1ds:

Calculations ot non-aet.CJ.oin carotenoid conoentrat1ona from

independent measurements e.t 4:50 and 400 llJ.l gave good checks (! 5'):) "

Values caloulated from optioal dens1t1ea at 420 ~

$
were found to be high beoause of invisible 1m;purities p as expected Q

Dena1ty readings at 510 qt are gau9rall;y low; when aetaoin-type caI~ta­

1101d8 are les8 tban 8-10 per cent of the total pi~ent8/I the oalcu-

lated ooncontrat~ons are probably unreliablep
$ u __

'.fh10 obesrvation, and the frequently observed V0ry' high opt1CE'..l
dens1ties 11:. the speotral regions 320-400 m)1., appearm consistent
with investigations by Lane (lO) of a "plankton oUfteXiiracted f:ftai!l
s;ooplaDkton. The material Lana dsaor1bala as a !lon·-carotene pro­
v1tam.tn A has a very high abeor.!)tioD max1DlulIl. near 310 IJgl and appre­
oiable absor})tlon at 400 and 450 •• droppiI.g to nagl1g1ble valuer;
at 500.1»

-18...
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OWr-aU Enoft:

A aeries ot analyGU IIBde on as DearlY 1dentloal eamplGQ ae

COUld be preparod mhowad good wproduc1b111t,. of NWulto. Tho overc­

all er.rors would inolud~ orrom in prepar1Zlg ldent1oa1 !58mPJ.es p in the

operation of the eentrii'uge, measuring of extmotant, et ceterao They

are ahown in ~ble 5 and reproduo1b1l1'by of the same order has been

aohieved bY' mtudants using the method 1%1 classroom and field work.

Experience in using the me·~hod ahou1d afford increased roproduc1b1l1tl'.

s~:

A semi-micro spectrophotometric method tor the est1mat1on of

ohlorophylle !o. E., and Sa. a~tacin. type J and non-a.stac1n type carote­

no1&s in Boetone extraots of plant and an1mal material t.A!3 p:fesented.

Develo~d specif1.call:V for use in est1mat1nc and o~raoter1z1ngplan.kton

populationa, the methOd ls h1gb1.y sens1tive ~ practical tor 6h1p­

board use. Matho&1 of colleot1D8, px-epar1ng ana. °enract1ng plankton

awnpleg, speotrophotometric meae~emantso oomputat1on of reBUltL9 D e-nd

GrfOJe are alseaased.

-19-
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IWl'tramental and othR Errore
round 1D Orer-mU ADaqtioal Procedure

Expected
IJwtr1ml8ntal other
~~ Brroro

Chlo1"op1w~A t ,%1.0 iwi/L 14% 9%

CbloropbJ'll a + 0+-
.75 SPTJ/'L 43:& Ca. e- .305& em .. - 13~

Aatticin-VPs -,

Carotcmo14s
t S%1.17 8P1J!L ~ lS~

~ - - - ~ ~ ~ -~

_ _ _ .. .. .- a:a _
• 0 .. .. co G 0 _

_.ca .. __

94DSPU/L 10" t~ o.

10000(lstmein
t1l* CuoteDoidQ

1 0 0 spuIL 6" s:' ]$-
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