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A B S T R A C T 

A number of discrepancm in ihc spectrophotometric determination of plant pigments 

with the Richard» with Thompson method have been reported. A revised set of equations 

for the determination of plant chlorophylls and a new equation for the approximate estima

tion of plant carotenoids are presented. 

Introduction. T h e most widely employed method for the determination of 
plankton pigments in sea, water by spectrophotometric analysis is that de-
scribed by Richards with Thompson (1952}, and modified by Creitz and 
Richards (1955) for the use of Milhpore membrane filters for the collection 
of plankton sample^. Certain refinements of that method and full working 
instructiflhs for it have been given by Strickland and Parsons (i960). Recent 
work in our own and other laboratories has indicated various discrepancies 
in the Richards with Thompson equations for the determination of chloro-
phylls ûj i , and r, and total carotenoids; these discrepancies may be placed in 
the following categories: 

1. T h e specific absorption coefficients for chlorophyll a and b employed 
by Richards with Thompson are too low. This indicates that these pigments 
have been overestimated by persons using their method. 

2. Values obtained for the chlorophyll c concentration in oceanic seawater 
samples have given rise to the impression that this is the major chlorophyll 
in many parts of the oceans (Carrie, 1958; Humprey, 19601 McAllister et ai.y 
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i960) I his t rror is largtiy mdtptndtnt of the arbitrary extinction of the 

sptt^ihc pigment unit tmployid hy Richards with Thompson 

3 T he sp<.tihc pigment unit assumed for the determination of total ca-

rotenoids is liktlv to he much greater than one gram due to the low sjKeific 

absorption eoefheitnts ot peridinin and fucoxanthni Thus total earotenoids 

have tended to K underestimated with the method of Richards with I homp-

son if one avsume's their sn t tment that the spteihc pigment unit approximate"s 

a gram of pigment 

4 I ht plant xanthophylls—pendinin and fucoxanthm—both give positive 

animal earotenoid values when determined by the Richards with Thompson 

method for total animil earotenoids 

The revised equations given on p 162 are not intended to be definitive and 

It may be that a muliichrcïmatic approach to the determination of marine 

pigments followin^: \lilliport hltration is an unnecessary refinement for many 

held experiments Results should always be interpreted with caution, especially 

when low extinction \alues are obtained HoA'cver, if the Richards with 

1 hompson technique is used, it is believed that the new formulations gi\cn 

here represent 1 sigmheant methodological improvement 

Fxpenmental 

PERIDININ AND FLCOXANTHIN were prepared from 90» o acetone extracts 
of the dinoflagellatc Àmphtdintum cartert and the seaweed Sargassum muticum^ 
respecti\el\ 1 he dinoflagellatc was grown in mass culture m the laboratory 
as described previously (Parsons et al^ *96i) and the seaweed was collected 
from Departure Bay, Nanaimo T h e former required no treatment prior to 
extraction while the latter was ground in a conventional meat grinder T h e 
procedure tor the isolation of each of the two pigments was essentially the same, 
but onlv the inethe>d employed f( r extracting fucoxanthm is described here m 
detail 

\ 60" (, (approx ) acetone extract of S muticum was placed in a separatory 
funnel, and an equal \ olume of hexane was added I he xanthophylls and chloro-
phyll a were transferred to the hexane layer by shaking, and the hexane extract 
was taken to dryness under reduced pressure in an atmosphere of nitrogen 
I he pigments were taken up in ethyl ether, and an equal volume of ligroine 

(b p 20-40 C) was added T he mixture was evaporated to approximately 
half Us volume and cooled to - 20°C T h e heavy, orange-red precipitate 
that formed on cooling was hltered off and redissolved in a small amount of 
ethyl ether I o the ethvl ether extract an equal volume of hexane was added, 
and the mixture wis then p(»ured onto a column of confectioner's sugar 5 cm 
m diameter and 30 cm in length The column was developed with 100 ml of 
hexane h)Ilowed by the addition of progressively stronger solutions of n-pro-
panol in hexane, tht hrst additions, o i " o and upward, removed traces of 
chlorophyll a as well as other earotenoids, while the final additions, o 5" o. 
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separated fucoxanthm from its isomers T h e fucoxanthm eluted from tht column 
was taken to dryness under reduced pressure in an atmosphere of nitrogen 
and redissolved in ethyl ether T o the ethyl ether an equal volume of ligroine 
was added, and the volume was reduced to about half On ctwling to - 20 C , 
an orange-red precipitate of fucoxanthm separated out, this was redissolved 
and re precipitated several times by th t above procedure, and the supernatant 
liquid was discarded each time By slow evaporation at r<M>m t< mperaturt (̂ t 
the final preparation, which consisted of th t pigment divsoKtd m a mixture 
of ethyl ether and ligrome, crystals of fucoxanthm were obtained 

Approximately 50 mg of crystalline fucoxanthm were obtained from about 
5 kg (wet weight) of 6 muticum T h e crystals had a melting point of 1 4 6 -
147°C and contained no ash following incineration at 500 C for three hours 
Approximately 2 mg of peridinin were obtained from about 1 o g (dry wtight) 
of A cartert N o additional tests for purity w t r t ptrformtd on tht small 
amount of material obtained 

T h t two pigments were dried in a vacuum dessicator to constant weight 
and dissolved in 90" o acetone The specihc absorption ctnfheients were de-
termined at various wavelengths using a Beekman DU spectrophotometer 
T he results for peridinin and fucoxanthm are shown in Table 1 

T A B L E I SPECIFIC ABSORPTION COEI-FICIFNTS ( L / G CM) ov PIGMENTS IN 90" O 
ACETONE 

if 

ndinin 

69 0 
77 0 

8 3 ^ 
4 9 1 

0 8 

Fur >xanthin 

73 1 
8 8 0 

72 S 
19 9 

-

Wavelength ^ Chloroph) II -
(m/i) a b 

430 • • 
450 • • 

480 12 28 0 _ 
510 2 1 3 1 \Ji 
580 104 9 3 115 

630 13 9 16 4 19 5 
645 2 1 8 5 4 0 4 3 
665 8 9 0 6 3 0 7 

* Indicate* \]Iue« not determined 
— Indicitis no absorption at these laavelenftba 

CHLOROPHYLL a AND b were prepared by chn>matographic separation of 
a go"/© acetone extract derived from a mixture of grai»sis and c lot t r , the 
method was similar to that descnbt^ by Smith and Benite/ (1955 143-196) 
T h e two principal absorption maxima for the preparations in ethyl t th t r , and 
the ratios of the blue-to-rtd peak heights were 430 and 661 m//, and i 31 
for chlorophyll a, 455 and 643 m/t, and 2 85 for thiorophvll b r h t ratio of 
the absorptions at \arious wa\elengths in t thcr and 90 acttonc was de-
termined bv using small alii^uots of the same t ther solution dilut d to a known 
volume with the two solvents This technique was tmplovtd bv Vtrnon ( i960) 
to determine the specific absorption c<Kfficients of chlorophylls a and b in 80, 
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9c , and 100 o acetone from the speeltje absorption eotttieients ot ehloroph\lls 

a Tnd / HI t th \ ! t t h f gi\en bv Smith ind Benite/ 

Dts ustrn 

CHLOROFH'^I I H Vernon (i960) has reported i \abie ot 91 i I g e m for 
the spteitie ibsorptioti e(Kftieient tor ehloroph\II a ni 90 aeetone it i wave-
I t n p h ot 664 nwf With the simt ttehniqut, the \alut obtained m our labo-
I itor\ w IS 92 I u em I he differenee between these \ ilue-s is suttieientK small 
to he leeountable in terms <»t instrumtntil errors, the \alue 91 i I g em at 
664111/; his thtrefort bet n itetpted, snee it is an a \ t r ige tïbtained trom a 
_rt Iter number ot pnpiritioiis thiii were tnipl )\ed in our own experiments 

I he spLeitie ibsorption eotftitient ot ehloroph\ll a in t th \ l t thei , on whith 
botli \ t r i ions \ ilues nui our tiwn are bised, wis obtnntd b\ Smith and 
Bt ni t t / without dr\ii ^z their prtpir ition, this, aeeordmg to Smith ind Keiiite/^ 
j_ne I ditîtrt nt \ ilut tr im thit obt mud when tht prtpiration w is eompietelv 
dried 1 he \ due obt uned b\ \ » r jon (196c) md b\ us for the sjxeitie ilisorp-
tion eotttieitnt in 9c iett>ni. u 664 ni// simiiirK was obtiintd without 
dr \ in^ ttit cliI»roph\Il prepiritu)n Considering that the routiiu Rieliards 
with I h »nij>son tstimition ot pigments d its not nnoUt drying tht txtrieted 
pigment, it ip]ie ir-̂  best to ulopt tht \ duts ob^iined from undritd miterial 
Spteitie ibsorption eotftieitnts it tlie wa\tierigths rejiorttd in I able i, whieh 
irt n >t quottd b\ Vtrnon (196c), h i \ t bttii dt t trmmtd from tht chtoroph\!l 
a lbs irption speetrum obtnntd by us, stmdirdi/td on tht 664-m// ibsorption 
eotttieitnt I hese \ duts, ustd to reedeulite tht eonstmts in et|u itions g i \ tn 
bv Riehirtls with I homjison, are shown on p 162 is eqs ( i ) to (6) 

\ due>> emplo\td b\ Riehards with 1 hom[>»on for the speeitie absorption 
eotttieients ot ehlorophvll u in 90 aettont wtre obtiined troin /seheile 

19^4) \ dues obtnntd niort recently b\ /seheile et al (1942) tor thloro-
phvll V in K'̂  lettont irt ipprtei ib!v liightr than those obtaintd bv Riehards 
with 1 h()mpson I ht difference in ibsorption eotftieieiits in 80 md 90®'o 
ieetoiH Is ibout I (Wrnon, i960), whieh does not account for tht low 
viiuts rep irted bv /schelle Our rtjection of tht widtiv iccepted 1942 values 
bv / seh t i l t et al is bistd on tht obstrvition already mentioned—that the 
absorpti )!! eoettieieiit from dried prtpint ions of chlorophvll a differs frt»m 
thost olnaintd trom undritd prtpai itions I he vaiuts shtiwn in I able 1 arc 
ippr »\imittiv 25 hi^htr than v duts givtn bv /sehti l t and 10 higher 
tliin V iliics given b\ /seht i l t et al I bus tht incorporation of these value*s 
trom I ibit 1 into eqs ( i ) , (2), and (3) his resulted in 1 lower taetor for the 
det< rmination ot chlorophvll a in tq (4) 

CiiLOROpinii / I ht spteitie il>v>rption eiefticitnts of chlorophyll h 
tmplovtd bv Richirds with 1 homps in were tiken trom /schede et al V^alues 
tiken bv Richartls with I hompson f* r tht sptcitie ibsorption eotfticients at 
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665, 645, and 630 m// are for chlorophyll h m 80 o acetone 1 he valuta tor 

chlorophvll h reported in Table 1 have been estimittd trom Vtrnon s ti^ure 

of 52 2 1 g cm for tht specitie absorption coefhcit nt at 64S m// in 90 n acetone 

T h t value obtained under tht samt conditions in our Uborator> was 53 5 ! g 

cm tollowing the same reasons as those presented in the discussion on chloro-

phvll (V, the value 52 5 1 g e m for chlorophvll h at 64H m// has Nen used tct 

standardize the values in I able i I he values tiken from I able i fir use in 

eqs (1), (2), and (3) are about 15" higher than the v ilues tmplovtd b\ 

Richards with I hompson, which has resulted in a lower fattor tor thi de-

termination of chlorophyll b in eq (5) 

C M I O R O P H Y I I C 1 he values for the sjKeitic ibs irpti >n eoettieitnt ot 
crystalline chlorophvll c in 100 and 90 acetone at 650 \x\u hive reeeiitlv 
been found by Jeffrey to he l 5 H and 1 9 5 1 g cm, resjxetivelv (Jeffrtv, iq62, 
1963) 1 he values obtnntd bv Jeffrey (1963) it different w ivt lengths, shown in 
Table I, have been used for the developmtnt >t eqs (1), (2), ind (3) 1 ht 
weight of chlorophyll c as deterniintd by use ot eq ^6) is ibout h i t f the 
specitied pigment unit obtained by use ot the Richards with I h<impson 
equation 

A second error in the estimation of chNir iplivll t bv spectrophotonittric 
measurements at 630m// , shown to be largtiv indejxndetit <it tht spteihtd 
absorption ctKfticient tmplovtd, has resulted in tlie impression that chlorophvll 
c Is the major chlorophyll m mam (Keaiiic seawater sample*, (Currie, 195H, 
Humphrey, i960 , McAllister et al ^ i960) \ simuhtion of the tvpe ot error 
involved is shown in I able 11 In this txjxrimtnt the turbiditv blanks on a 
lO-cm lightpath were altered bv tht addition of 1, 2, ox 3 Millijxirt tilttrs to 
10 ml of 90 acetone extract \x fht s.mit time measuremtnts were mule 
on different concentrations ot pigment trom tht s.mie culture ot / atteti 

I \ H I \ II I n t L t U t T o t ICRBIDIT^ ON THI SPf t TROPHOTOMM RIC FSTIMA 

T I O \ O^ t Hl4)ROPin I I S U AM) ( 

ample 

N.I 

1 

2 

8 

At iphi Itmum 

Culture 

(ml) 

10 

1 0 

2 0 

2 0 

2 0 

Via 

lOX 

104) 

Op 

750 

ou 
008 

04<. 

053 

060 

100 

112 

000 

ical I)ensit\ Read 

665 

(10 cm 

09*. 

148 

185 

188 

197 

775 

770 

(1 cm 1 

07i 

645 

ii^htpalh) 

Ot.i 

112 

lOJ 

l o 

ne 
313 

322 

ghtpath) 

0215 

nps 

630 

063 

11(1 

106 

114 

122 

332 

350 

0240 

f <. hl r plu II ^ 

a c a Rati > 

(/iSPI lU inlacelcim) 

O i l 

1 12 

201 

194 

198 

9 9 

9 7 

1 91 

296 

3 19 

3 38 

3 64 

10 8 

11 8 

2 1 

2 6 

1 6 

1 7 

1 8 

1 1 

12 

10 D 10 5 10 

file:///abie
file:///alut
file:///alue


7 

i6o Journal of Marine Rtteareh [ ï ' j 3 

The values for chlorophyll a and c have been obtained by use of the Richards 

with Thompson equations, with the modification (Strickland and Parsons, 

iq6o) of subtracting the yso-m/i extinction from the readings at 6 6 5 , 6 4 5 , 

and 630 m/i in order to correct for turbidity when using a lo-cm lightpath. 

The results show that the greatest chlorophyll f-to-a ratio is obtained with 

a combination of the lowest extinctions at 665, 645, and 630 m/i and a rela

tively high turbidity reading at 750 m/i (sample 2). The effect of correcting 

for the turbidity readings at 750 m/t (all of which are representative of those 

encountered in practice after centrifuging natural populations) is apparent 

throughout the three ranges of pigment concentration. The effect is least in 

the most concentrated extracts with the smallest blank (sample 6). The use 

of a i-cm lightpath, which gave a turbidity blank of/.cro, showed the lowest 

ratio of chlorophyll c-Xo-a. If no 750-m/^ correction is made in the 665, 645, 

and 630-m/( extinctions, the apparent chlorophyll c-to-a ratios are even greater. 

The use of the equations on p. 162 instead of the Richards with Thompson 

equatiims still do not remove the artifact of high ratios of chlorophyll r to a 

when dealing with small extinctions and large blanks. Attempts to remedy 

this situation by prolonged centrifugation or complete dessication of pigment 

s;imples prior to extraction were unsuccessful. A consideration of the optical 

density units that are being measured, however, illustrates why trichromatic 

readings in the 6oo-m// region for the determination of chlorophyll c can be 

unreliable; if, for example, it is assumed that the value obtained from the ex

tinctions read on the i-cm cell arc correct (sample 8), then we may assume 

that 1.05 // SPU of chlorophyll c are present in the i ml of culture (sample 2). 

If the Richards with Thompson specific absorption coefficient of 10.4 1/SPU 

cm at 630 m/' is assumed, then the contribution of chlorophyll c to the 630-m/i 

extinction in sample 2 is approximately o.oi. This value is considerably smaller 

than the turbidity blank with which the 630-m/i reading is corrected, and 

further, it is only one fifth of the total extinction at 630 m/i. Any error in the 

final figure grossly exaggerates the absolute amount of chlorophyll c when the 

factor of approximately 100 is used to evaluate the amount present. In the 

following paper, a second method has been developed as a solution to the pro

blem of determining chlorophyll c at low concentrations (Parsons, 1963). 

T h e cause of the high 750-m/j extinctions in acetone extracts of natural 

populations has been found to be largely attributable to the amount of salt 

that is carried over by the Milliporc filter following filtration of a seawater 

sample. The complete dissolution of the Millipore filter, composed of high 

polymer cellulose nitrate, is very susceptible to the ionic concentration in the 

go" '0 acetone, and small differences in the amount of salt adhering to the 

Milliporc filter caii cause large differences in the 750-m// and other extinctions. 

Pi AM- CAROTENOIDS. The specific abs<irption coefficients of fucoxanthin 

and peridinin in Table 1 are approcimately 35°/o and 40''/o, respectively, of 

i 
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the value for /î-carotene measured at 480 m//. Thus the use of an average 

specific absorption coefficient based on ^-carotene, which is the basis of the 

specific pigment unit employed by Richards with Thompson, is undesirably 

high in view of the predominance of fucoxanthin among members of the 

Chrysophyceae and Bacillariophyceae, and of peridinin among the Dinophyceae 

(Jeffrey, 1961; Parsons, 1961). Due to the large difference between the 

specific absorption coefficients of fucoxanthin and peridinin as compared with 

other carotenoids quoted by Goodwin (1955: 272-311), there appears to be 

no really satisfactory method for estimating the total carotenoids without 

separating them chromatographically, as suggested by Humphrey (1961). If 

an approximate measure of the amount of total carotenoids in a seawater 

sample is required, however, then a re-evaluation of the specific pigment unit 

is desirable. The new unit may be defined so that one such unit in one liter 

of 9 0 % acetone has, at a wavelength of 480 m/i, an absorbency of 100. This 

unit will only approximate 1 g if the predominant carotenoid in a seawater 

sample is fucoxanthin or peridinin, or a mixture of both. In the event that 

a phytoplanktonic crop may be predominantly composed of classes of organisms 

such as the Chlorophyceae and Cyanophyceae, which lack these pigments, 

then the specific pigment unit as defined by Richards with Thompson would 

be a closer approximation to I g of pigment. Corrections applied at 480 m/i 

for chlorophyll absorption as described by Richards with Thompson are with

out significance in view of the approximate nature of the absorption coefficient 

suggested above. 

ANIMAL CAROTENOIDS. If the Richards with Thompson equation for the 

estimation of animal carotenoid is applied to the specific absorption coefficients 

for peridinin and fucoxanthin in Table i, then both pigments give positive 

animal carotenoids. In our own experience, it has been found better to neglect 

the animal carotenoid estimation as being largely an artifiict. Furthermore, if 

phytoplankton samples are filtered through a coarse net prior to filtration 

onto a membrane filter, most of the larger zooplankton are removed and the 

contribution of astacin-type carotenoids can be considered a second order 

correction in the estimation of plant carotenoids. 

EfiUATiON FOR ESTIMATING PLANT CAROTENOIDS. For the routine spec-

trophotometric determination of plant carotenoids, extinctions should be 

measured at 750 and 480 m^. The 480-nvi extinction must be corrected for 

the 750-m^ extinction multiplied by three to allow for the increased light 

scattering in blue compared with red light (Strickland and Parsons, i960). The 

corrected extinction at 480 m^ can be used to determine the millispecific 

pigment units of carotenoids in sea water by the equation : 

M S P U / m . - ' ° ^ " " ; ; 3 D : . - ) v ^ 
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where I) IS the optical density at the » nelength indicated, 1 the lightpath 

of the eu\ette in centimeters,\ the \olume ot the acetone extract in milliliters, 

and V the \olume of sea» iter hitered in liters I or phytoplanktonic crops that 

are dominated b\ members ot the Lhlorophyceac or Cvanophyceae, the 

amount ot earotenoid gi\en h\ the abo\e equation should be divided by 2 5 

tQlAriONS FOR PSTIMATIM. CHLOROPHYLLS 17, i, AND f From the 
preMoub discussion it is apparent that the equations for the estimation of 

chlorophylls a, h, and i, originally published by Richards with Thompson, 

require rcMsion to include the specihc absorption eoefhcients shown in 1 able i 

1 'lus the absorption contributing to optical density measurements at 665, 

645, and 630 mu miy be expressed as follows 

Dbbç - 0 o8g C a + 0 0063 C i 1 o 0007 Cc, ( i ) 

D64! 0 0 2 1 8 C a J -0054 C i + 0 0 0 4 3 C c, (2) 

Dsio o o i 3 q C « + 0 0 1 6 4 C i + o o i 9 5 C c, (3) | 

1 

where D is the optical density in i-cm pathlength cell at the wavelength \ 
shown, and where L a, C h, and C i are the concentrations of chlorophylls j 

u, b, and I in mg I of 90 o acetone, rcspecti\ely Rearranging ( i ) to (3), the j 

following equations are derned, with the Richards with Thompson factors | 

in parentheses I 

c « 
C h = 

c -

116 D«, (156) 
- 20 7 Dt,, (25 4) 

55 D«,„ (109) 

0 14 1)6,0 (08) 
4 34 ÜM5 (4 4) 
163 D6,î (287) 

1 31 1)6,5 (20), 
442 D6,, (103), 
464 D665 ( '2 5) 

(4) 
(5) 

(<>) 

1 ht use of tqs (4}, (5), and (6} for tht determination of chlorophylls 0, 

i , and c is tht samt as that in an txample dcttrmination shown by Richards 

with I homiKon In addition to tht wavelengths for optical density measure-

mtnts reported above, a reading should also bt madt at 750 m/i and this value 

suhtratttd from the optital dtnsities at 665, 645, and 630 m/i T h e use of 

the 750 m// torrtction may eliminate turbidity errors of up to 50^0 over 

estimation of pigments when using cells of lo-cm lightpath and low optical 

density \ ilue's 

1 o tiiul the toneeiitration of chlorophylls in a seawater sample of liter 

volume, V, using acetone extracts of milliliter volume, v, in a cuvette of 

etntimeter pathlength, 1, use tht eejuation 

C(fl * f) X V 
mg chlorophyll (0, A, or r) m' a . m» "~ > 

whert C(« i, c) is the concentration of the respective chlorophyll determined 

from eq*; (4), (5), and (6) 
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