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A SPECTROPHOTOMETRIC METHOD FOR THE ESTIMATION OF
PLANKTON PIGMENIS

ABSTRACT

A gemi-miero spectrophotometric method is deescribed for the
ostimation of chlorophyll a, b, and g, astacin typs carotenoids and
non-astacin type earotenoids in acetone extracts of plant and animal
material. Developed spscifically for use in estimating and charac~
terizing piankton populations, the method is highly sensitive and
practical for shipboard use. Methods of collecting, preparing and
extracting plankton samples, spectrophotometric measurementa, compu-

tation of results, and exrors are discussed.
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A SPECTROPHOTOMETRIC METHOD FOR THE ESTIMATION OF
PLANKTON PIGMENTS

INTRODUCTION

A semi-mioro method for the simultaneous spectrophotometric |
detexmination of chlorophylls a, b, and ¢ and two types of carotenoids
in 90 per cent acetone exiracts of plant and animal materiel has been
developed. This method avoids the separation and individual determina-~
tion of the several components, resulting in the minimum of manipula~
tion, loss, and cdntMnation of the sample.

The method was developed specifically for the examination of
plankton, since pigment analyses, extended to imsclude the warious chlo-
rophylls and carotenoids, should give & measurs of the potential of the
plankton for absorbing radiant energy for photosynthesis, some measure
of the extent and stage of dovelopment of the phytoplankton, andé a
possible measurs of the presence of animals grazing on tho orop. The
method can ba considered as a logical development of Harvey's (3)
"pigment unit"” determinations, and the determinations of chlorophyll
made by Graham, Kozminski, EKrey, Riley, and others (4, 6, 8, 14).

The method meets the practiocal requirements of shipboard
use necessary for the determination of the pigments in plankfon. It
permits the use of relatively small water samples rxather then net
catches, thus faciiitatinz ¢the taking of subsurface samples, the ocap~
%ure of microplankiton, and definitely £ixing the origin of the sample.

-2~



@

i

(L3

4

o«

One %o two liters of sea water provide an adequate sample
except in cases of very sparase plankton. Net tows readily give

sufficient material for analysis.

METHOD OF ESTIMATION OF PLANKTON PIGMENTS

Reagents: 90 per cent Acotone:

Reagent grade acetone is distilled over aqueous Naacoz and
NagS0s solution, through an 18-inoh fractionmating column. B.p. 56.5°C.
100 ml of water are pipetted into a one-liter flask and made up to the
mark with acetone.

Maznesium earbonate - Reagent grade powdered magnesium car-
bonate.
Procedure:

About one-~tenth gram of powdersd magnesium earhbonate (%o
prevent acidity and subsoguent pheophytin formation) is added to a
one to two liter water sample., Afier shaking, the gample is
poured into an aspirator bottle f£irom whisch a rubber tube £itted with
a stopcock leads to the intake of a Foerst Flamkton Centrifuge (Foerst
Mechanical & Speoialties Co.). The stopcock is adjusted so that 1
liter £lows through the oentrifuge in about seven minutes. The cen~
trifuse is turned on before the flow is started and left on until
rinsing of the aspirator bottle ie complete and the centrifuge has
drained. When the last of the sample has flowed through, the bottle
is rinsed three times with a strong stream of distilled water. The
centrifuge 1s then stopped and the cup removed.

B
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The particulate matier in the cup is soruddsd down with a
rubber policaman and rinsed into a 15 ml centrifuge tube and the oup
re-rinsed. The material is then eentrifuged at high speed im & clini-
cal centrifuge for throe minutes, the water poured off and the particu-
lat%e matter ailowed to érain In the tube. The tube is placed in a
vacuum desisccator and dried.

When dry, a definite volume of 90 per cent acetone 1is
pipetted into the tudbe and stirred with ¢the particulate matter and
nagnesiun carbonate. The wvolume of acotone deponds on the amount of
plankton present; 5 ml has tesn used in most cases. The tube is then
tightly corkked end placed 4n the dark for 18-24 bhours, after which time
the material is egain mized, the tubs re~gtoppered and contrifuged in
the clinjical ceatrifuge for thres minutes at high speesd,

The oxztraol 1s Gecanted 1m%o a 1 cm properly celibrated
glass-gtoppered Corax abaorption ¢oll, and the optical d&nsitles at
665, 645, 630, 510, and 480 m. detomined on & EZsckmen Model DU quartz
gpactrophotometer (2, 4). The rod-senzitive tude 1s used for readings
at 665, 645, and 630 m.u; the blue-sonsitive tube et 510 and 460 m...
Tho tungsten filement light source and 0.04 mm slit width aze used

et these wave lengths.
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Calenlation of Regultiss
The equations for the caloulation of chlorophylls a, b, and

g arss

Dggs = <0667 Cy & 20065 G + 0011 C,

Dgys = 016/ C, 4 <0456 C + .0044 G,

Dezp @ 0119 C, + .0127 G, + .0104 C,
Dgéss Deyss and Dggo ere the observed optical densities (log I,/I),
at 665, 645 and 630 mp respsctively, and ars determined directly
with the spectrophotomster. Cy, Cp, and C, are concentrations of
chlorophylls g, b, and ¢. Solving these equations gives:

Cg(miliigrans/L) = 15.6 Dggs = 2.0 Dgss = 0.8 Dg3p
cb(mnng:-ama/L) = 2504 Dy, 5 = ok Dges = 1003 Dygy
Co(MSPUR/L) = 109 Dgyg = 12:5 Dggs = 28.7 Dgys

It is evidont from their spectre that the carotenoids make
no contribution to the optical density at thees wave lengths.

Tho concentrations of two carotencid compoments were cal-
culated from optical densities at 510 and 480 mp. The contributions
of the chlorophylls to these optieal densitles wers computed and

#Speoified Pigment Unite (SPU) represent & specific bubt unkmomn
exact weight of the pigment which however approximetes one granm.
(Ses yage 9.) 0.001 SPU = 1MSPU (one thousandth of a specified

pigment wait). :
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subtracted, leaving residual densities (Dpgg) which are the result

of carotenoid absorption. The equations for these calculations are:

Dpes,510 @ D510 = «0026 Gy = ,0036 Cp, = L0021 Cp & 045 Cpape + o169 Cgg
where Cpgc and Cge are the respective concentrations of non-astacin

type and astacin type caroitenolds.

Solving,

Astacin type carotenoids (1SPU/L)

2{4045 Dyes,510 ~ Dres,480)
7+6{Dres,480 = 1+49 Dres,510!
The indivicdual calculation of the several components of the

Non-Astacin type carotenoids (iiSPU/L)

carotenoid mizbture was found impraciticeble, because in such caloula=
tions it is necessary to solve a number of simulianeous equations
equal 0 the number of components pressnt and tc make messurements
a% an squal number of wave lengbhs. ITrrors in such calculations are
cumlative, and small errors in density measurements beccms magni-
fied. Furthemmore, the exaet number of components is unknowm,
depending on the phylogenetic groups represented in the plankton (17).
To illustrete thesc computations, the pigment concentrations
in a plankton extract were calculated from the observed optical den-
aities:

Dggs = 0068, Dgas = +020, Dgzp = 0185, D530 = .127 and Dygp = 325
Chlorophyll 8, mg/l = 15.6 x 068 ~ & x 020 - 0.8 x 0185

= 1.01 mz/L
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Chlorophyll b, {mg/L) = 25.4 x .020 - 4.4 x 068 = 10,3 x 0185
]’ . = 0,02 mgﬁ-
i

Chlorephyll g, (LiSPU/L)

109 x 0185 = 12,5 x 068 = 28,7 x .020
= 0,59 MSPU/L

Dres,510 = o187 = 2.6 x 00101 = 3.5 x ,00002 = 2.1 x ,00059

]

0125

Dros,480 = +525 = 1.9 x ,0010L - 13,8 x .00002 = 5.4 x 00059

2 320

Astacin type carotenoids, SPU/L ® 2 (4445 x 125 = .520)

Q.45 HSFU/TL

706 {-5280 = 1045 X o123)

]

Hon-astacin carotenoids, SFU/L

|

o

| 1,04 MSFU/L

ZISCUESION OF PHOCEDURE AND CALCULATIONS

Lemoval. of Flanbton from ‘ater Samples:

The most satisfactory method Lfor the removal of planikion
:i‘.‘rom wate:':* gamples was the Foerst plankton cenbriifuge (Foerst
I%Ischanical and &mecial‘aies Gompany) . ‘fa:;-ious paper, sinbered glass,
aé‘md Galdwell, type filbers, alons and coated with Lreshly vrecipitated
“t;)arimn sulfate, were investizated and rejecied because of inadeguate
speed or retention and the presence of extraneous matter in the sepe{-

rated plankton. With the Foerat cenbrifuge, the plankiton can be

colleeted fram one liter of water in about sever minutes.

I
\
|
|



‘a

w

(e

4

Extrection Methods:
Less than nine hours of stseping were found to be inadeguate,
:alﬁhough other workers have used much shoxter pericds (4, 5, 8, 14).
§Mer tenty~four hours, there was no spectrophotometric evidence of
‘decomposition of pigments. Neither grinding nor re-extracting the
lealle with fresh poriicns of soivent materially increased the amounyg
;of pizment extracted; evidently the oxcess of solwvent was so great
%that the equilibrium distribution of pisment was greatldy in favor of
3‘4911»5 solution instead of the particulate phase.

Beox's 1ow:

: Dilution expsriments showed that at the vave lengths uaei’l
;for calovlating plgment concsntiyations, optieal dsnaities below 0.8
were dirsotly proportional $o soncentxetions, agecording %o Boer's
Taw, I% was neceagsary t0 &ilute extrsets having optical densitiss
over 0.8. .

;Galoula'z;ian of Resulte:

| Optical densities (Log I,/X) of some of the miztures of plg-
@enﬁa obtained by acetone extrmetion of plankton semples were deter-
imine@. over ths spectral range 320-700 mn {(Fig. 14, B). The coucen=
trations of the pigments can be computed from these spectra, since

“the optical density is directly proportional to consentraiion.
However, the ccmputations requirs knowledge of the absorpiion coeffi-
cients of sach component at various wave lengths. The number of

wave lengths must equal the number of components to be computed, and

|
|

-8



FIGURE 1: A, B

Absoxrpiion spectra of 90 per cent acstone

extracts of natural plankiton collectiona.
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eac‘h ebould be chosen where the absorptlon of one of %he ccmpounde
is lazge. In the spestral range 380-430 mu, sudstances other than
the chlorophylls and carotenoids frequently zive high optical densi-
‘tias » Ximipating this range from the usefwl portion of the speseitrum.

Specific sbmozptica cosfficients of 99 por cen’i acetoere

3eolut5.ons of chlorophyldz g and b and be¥a caxotens have been xeportsd
in $he litevature (13, £9), but are unkmown for ohlorophyll ¢ and the

‘zanthophylls expocted in the plankton. In order Yo ozpress relabtive

‘eoncentrations of the latier conpounds, Speeified Pigwent Units (SPU)
‘axe_uged, @gge. uwnite are dafinod so that ope mueh unit in s liter.

of 90 per cent acetons, has at the wave lengﬁii of max_gmnn abgorption,

&the optical density shown in Table 1. These optical densities wswe

chosen oqual (op nearly go} to the specific absorpticn coefflelends

of corvesponding maxima in the spectra of rolated compousnds, and %hus

the SFU zopreosents a specific but unkmown wolghd of the pigment whaich

should be aboul one pgram. For those pigments whose Specific Absorp-

‘tion Gosfficlente are unkuewn, the SPU is used instead of the gram
%in ealeulating Specified Abasorption Coefficlentn. These are symbol-
;ized by Eég and Eggg respestively. Concentrations of chiorophyll ¢
‘ané the zanthopbylls in Table 1 c¢an now be exprosastd in Sexms of SFU
oy thousandths thexeof (MSFYU).

Table 2 sbhows specifis and specified absorption scofficients
of 8 group of pigmentzs Yo be found in plankion. Thess werd calcu-

lated from previously reported absozption speetra (13} aud the

ugo
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Table 1

Optical Densities of Solutions Containmlng one Spscified Pigment
Tolt per liter of 90% Acetons at Wave Length of Absorpiion Esxiwum

Wave Longth

Specifisd

. of Abscrpiion Optical Density (E?ig)
Cf:mpoun& Mexime mey of a one cm lmyer
G.:hlorophyll e 445 83.5
Hﬁofuéaxanthin A 44,78 251
FNeofucoxanthin B 446-8 251
F%ucmnthin 4489 251
Diatoxanthin 451 251
ﬁiadﬂ.nmzm‘thin Lddy=5 251
A%atacin»typ@ plguent 475 251

1
i
|
|
I
|
|



Teble 2

Specific and Specifisd Absorption Cosfficlents
of Some Flamkton Pigmentz in 90% Acetone Solutica®

=
&
<3 0 g‘
@ o . q 4 ' ]
b =] ¥ L
¢ 04 2 & 5 § 7 4 S RS
!'E! & g g s O
3 o § SR o' g Sas gga Sp g 8o a a ggg 3% a ‘gg%pg
. = a © ° o @2 S
a® & d 4" 3 e k: £ a 4 g Bt
665 €8.7 6.5 1.1 0 0 0 0 0 0 4] 0
845 16.4 45.6 bole 0 0 0 (4] 0 0 0 0
630 11.9 12.7 10.4, 0 0 0 0 0 0 (8] 0
510 2.6 - 2.1 455 2.0 513  56.6 9.0  33.7 169 45
480 1.9  13.6 5., 223 205 150 203 186 210 249 203
450 8.9  §4.0 8.5 2 249 4B A9 29 250 221 246
420 70,7  26.8 148 150 192 169 181 147 1n

37.3

# Values from Richarde and Thompson (13) exeopt chlorophyll b valuss s

which are frem Zsehoile, Comar, and Mackimpey (20).

184
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definition of Specifind Pigment Unite given above. Using then, the
concentration in gramas or SPFU of the pigments in a mixturs can be caul~
culated from the total absorption at these wave lengths. In practice,
it has been found necessary to group those earcisnoids heving ebsorp-
tion maxima close to 450 mp, and calculate the concentration of this
group as a whole,

Considerations whioch led to simplifications enabling the
above calculation of the two types of carotenoids follow:

The principel carotencids of diatams and dinoflagellates
are beta carotene, fucoxanthin, neofucoxanthin A and B, distoxzanthixn,
diadinoxanthin, and pigments of very similar absorption spectza.

These were found by Strain, Manninz and Hardin {18) and Richaxds and
Thompson (13) in a veriety of Giatomaceous and brown algel materials
examined by chromatogiephic and spectrophotometric methods. The
absorption spectra of peridinin, reported by Stralmn, et ai. as the
principal carotenoid c¢f dinoflagellaies, and of necpsyridinin are vexr:
gimilar to that of fucoxanthlin, although the two are chromasographically
separable. If ths above carotenoids occur in a fixed retio in ths
plankton, they can be groupsd together and absorption coefficisnta for
the averags mixture oceloulaiad.

Pace (11) hes reported quantitative analyses of the pigaenis

cocurring in ocultures of the nerine diatom, Nitzsshla Closterium, whlch

can be used to compute average absorption coefficiente.l Ho found five

xanthophyll fractions which, on the basis of the work of Strain, st nl.
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(18) and the writers {13) are assumed to be neofucoxanthin A snd B,
fucoxanthin, diadinozanthin, and diatozanthin. Revimsing Pace's iden-
tifications in the light of %he more recent work, he found these pig-
ments ocourring in the following averaged ratios:

ng/l00 gms Fraction
Pace's Identification dxy woight of Total Revised Identification

Bata carotene 65.9 0107

Cryptoxanthin 111 .01  [Neofucoxanthin A or B)

Iutein ' 87.9 .142  [Diladino- or Distoxenthin]

Isolutein 22.2 .035 [ Necfucoxanthin A or B]

Fraction Y 339.1 549 [ Fucoxanthin]

Fraction Z 90,2 346 { Madino- or Diatcxanthin]
Total 616.4

Fraction Y [ fucoxanthin] is by far the most importens con-
tributor to the mixture. The other less abundant pigments probably
occur in a more or leose fixed ratio to fucoxantbin.

Firan the foregolrg ratios and the absorption coefficlonts of
the individusl) carotsnolds, average specifisd absorpbicn cosfificients

foxr these carotsnoids were caloulated. Theese coeffioionts are the sum

of the products of the ratios of the pigments found by Pace and the

absorption coofficients shown in Table 1. Awverased coefficlents were

tstrain, et al. and the present writers have found %this to be the
case in other diatoms as well as brown algme. Strain (16) alsc
reports that in leaf planta, the ratio in which the xanthophylls
' oscur is rether constant until auturmal yellowinz begins.

~13-
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used for Neofucoxanthin A plus B and for diatozanthin plus diadino~
zanthin,
At 430 mp  ESTU, total non-astecin carotemoids = 171
450 mp EJEV, total non-astacin carotenoids = 246
480 m ene total non-astacin carotenoids = 203
510 mp Eﬁ; total nmom-aestacin carotenoids = 45

Thsse are the coefficients used in the equations on page S5 for the
caloulation of carotenoid concentrations.

Carotenoids of the astaocin type (Kuhn and Lederes, 9),
prosumably eharacteristiec of the crustaceans, eéan alse be estimated
when they becoms an important part of the plankiton pigmente. Samples
of this pigmaent were obtained from two planktor Yowe consisting mainly
of crustacsans (copepods, other orustaceans, orustaeean laxvae) and
a few diatoms. The aspeotra of 90 per cent acetone extracts of this
mtez:ial showad that one containsd very small amounte, the other
appreciable concentrations of chlorophylle. Absorption specira of
these extracts, correoted for the chlorophyll content, axe shown in
Fig. £ and Teble 3. These speotra are very similay to those of pig-
ment extracts from shyimp (Brown, 1) and a chloroform extraot of
lobster blood (Redfield, la) and can bs tentatively identified as

?The absorption maxima of carotenoids bhawing 11 ocomjugated double
bonds ocscur around 450 mp in acetone solution, whereae the maxima
in the spectra of those caratenoids having 13 conjugated double
bonds (e.g., astacin) should escur 25-30 mu closer to the red.

-14-



FIGURE 2

Specified absoxption spectrum

of astacin type carotenoids.
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Pable

Relative Absorption Spesct¥um of a 90% Acetone Solution
of Astacin-type pigment extracted from Crustaceoans,
corrected for Chlorophyll g absorption.

Wave Wave Have Waveo
Iﬂgffh Elem Le;i‘ah R om Lsa;ith B} on L@;ith E) on
350 47.2 | 400 84.3 | 450 220.9 | 500 2042
355 48,9 | 405 92.7| 455 236.0 | 510 168.7
360 47.2 | 40 106.2 | 460 236.0 | 520 1265
365 50.6 | 415 121.3 | 465 246,0 | 530 86.1
370 52.2 | 420 134.9 | 470 251.2 | 540 50,5
380 59.0 | 425 146.9 | 475 251.2 | 550 28.6
390 69.0 | 430 161.8 | 480 249.5 | 560 16.9
435 177.0 | 490 227.5
440 195.4 |
445 208.9

-l40~
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'astacin, which Kuhn and Lederer (9) prepared from the Norwegian

globster, Astacus gammarus. Since the absorpiion maximum of astacin
1
!

in earbon disulfide and pyridine occurs at 500 mu, and in acetone
‘solution should occur at wave lengths 25-30 mu mearer the blus (16},
1% is concluded that the spectra represent a pigment or plpoments of
the estacin type occurrinz in naturally growing crustaceans. Follow-
ing the practice established on page 8, a specified pigment unit of
the astacin~-type carotenoid was defined so that the optical density
as in Table 1 is 251 at{ 475 mu. Specified absorption coefficlents

computed on this basis are shown in Table 2.
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Instrumental Errors:
A% low optical densities, errors ia rsading the spectrophoto-
moter might become important, but at these @ensities the scale divi-
sions are large and readings are reproducible within 4 .0015 density
(log I /I) units. The concentrations of the five components at which
these instrumental errors cause S per cent, 10 per cent and 20 pexr cent
orrors in concerirations are shown in Table 4. An absorption cell such
as described by Kirk, et al. (7) in which the leagth to volume ratio
lia increased, should permit greater preeisidn in the determination of
the optical densities of the more dilute solutions.
In plankton oxtracts, chlorophyll b concentrations have been
ii’ou.nd. t0o be very small or absent; calculations frequently lead to smail

‘negative values which ars within the instrumental error.

chloroghyll S

Large errors in the determination of chlorophyll ¢ might be
expected because of-ita small absorption in the red speciral ranmge.
In general these errors are difficult ¢o estimate, particularly in
view of the dAifficulty in preparing the pure material for study.

At concentrations of chlorophyll ¢ frequently found in col-
lections of matural plankton, the instrumsntal error (Table 3) would
frequently be very large. However, both chlorophyll ¢ and carotenoid
goncentrations can be checked by computing them from the optical den-
sity at 450 my, where the non-ehloropbyli absorption 1s repr;asented by

Drog,450 = Dasp = 0089 Cg - .054 Cp ~ .0785 Co

16~



Table 4

Concentrationas of Pigments and
Corrsspording Imstrumental Errcrs
& 208
or + .
Conpound over z 109 < 58
Chlorophyll
8, ug/L § .16 32 mg/L | .64 to 12.8%
Chlorophyll
h, m/zl }: s25 050 l')oo to 20009
Chlorophyll
o, HSPU/L g 1,09 2.18 4:36 to 87.2%
Non-astasin
Carotencids
KSPU/L s .105 <210 420 to 7.12%
Agtacin typd
Carotenoids
MSPU/L £ 190 380 760 %o 6.08%

# At higher concentrations there is e deviation from Beer's
Law and extracts should be diluted.

-16a-



Fram the large chlorophyll o coefficisnt (this is within 5 mp of its
absorption meximm), it can be seen that errors in its estimation

would result in inordinately large errors in Dreg,450,

The good checks (4 5%) which were found between carotenoid
values oalculated from optical densities at this wave length and at
480 mp, afford verification of both chlorophyll ¢ and carodenoid
concentrations.

The chlorophyll ¢ veluss shown in Figure 3 msy appear high
(even econsidering the errora discusssd above) for & pigment which so
wany workers in the field have dlsregarded as unimporitant. A ssarch
has failed to reveal reporits of other determinations of chlorophyll

& in phytoplankton, However, Pace determined chlorophyll & and b in

extraots of Nitzschia Glosterium (mg per 100 gm dry weight) as follows:

a8, b
2310 %
2000 a5
1850 130
2630 240

If H. Closterium contains chlorophyll ¢ instead of b as is trus of
other diatoms (13,18), then Pace’s values (assuming chlorophyll b)
should be recalculated. His determinations were based on a cali-
bration ocurve prepared using a chlorophyll b standard, which would

have a much grestor optical demsity in the region measured than an

equal concentration of chlorophyll e. Tixis difference would be greater

than the ratio of the spectral maxima because both peaks are broad



FIGURE 3

Chlorophyldl a and ¢ concentrations

found in sea water samples.
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for their height and a filter photometer with a relatively wide trans-
mission was used, thus involving the area under the absorption eurve.
His filter would eliminate about one helf of ¥hs cileorophyll ¢ ebsorp-
tion, but inoclude most of the peak of the chlorophyll b used for the
conatruction of the calibration curve. It is estimated that the values
given by Pace for the second {non-chlozxophyll g) ohldrophyll component
are %00 low, perhaps by a factor of ten to twenty. Therefore Pase's
amall chlorophyll b values would represent rather large amounts of
chlorophyll ¢.

Carvotenoids:
Calculations of non-astasin carotercid coacentrations from
independent measurements et 450 and 48¢ mp gave good checks (4 5.

Values caloulated from optical densities at 42C mn

(Dres, 420 = Dggo ~ 0707 x Gy = 0268 x Cp - 0375 x C¢)

&
were found to be high because of invisidle impuritios, as expected
Density readings at 510 pn are gensrally low; whsn astaein-type carote-
noids are less than 8-10 per eent of the total pigmonts, the calcu-

lated concentrations are probably unreliable.

*'I’hia obsexvetion, and the froquently observed vory high optical
densities ir the speotral rsgions 320-400 mn, appsars consisztont
with investigations by Lane {10) of a "plankton oiltextracted from
sooplankton. The matezrlal Lams desorxridbes a5 a non-ecarotene pro-
vitamin A 188 & very high absorption maximum near 310 mu end appro~-
ciable absorption at 400 and 450 mp, droppirg to nsgligible waluse
at 500 mu.
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Ovor-all Errors:

A geries of anpalyses made on as neaxly mehtieal eamplog as
could bs prepared showed good reproducibility of results. The over-
all errors would inelude errogs in preparing idontical semples, in {The
operation of the centrifuge, measuring of extractant, ot coetesa. They
are shown in Table 5 andl reprodusibility of the same order has baen
achieved by students using the wethod in classroom and £iald work.
Experience in using ¢tbe method should affoxrd increased roproducibilidy.

Swry:
A gemi-micro spectrophotonmetnic method Lo the estimation of

ohlorophylle a, b, and ¢, astacin type, and non-astacin type carote-

noi@s in ascetone extraots of plant and animal magerial is pxesented.

Developsd speéii’ic&l_ly for use in estimating and characterizing plankbon

populations, the mothod s -highly sensitive and practical for ship-
board use. ethods of collecting, preparing and extracting plankton
samples, speotrophotomstric neasuremsnis, compuitation of resultm, end

exror® ave digcussed.



Zable 5

Instruosntel and Other Errere
Found in Over-mll Analytical Frocsdure

) ~ Expocted
Pignent and Maximum Inptrunental Other
Conceatratdon Deviation Error Exrors
Chlorophyll g

1.0 mg/L 1$ T 54 9%
Chlerophyll &

.75 SPU/L 3% ce.Z 308 |es.* 138
Astacin~type ;
Carotenoids +
1.17 SPU/L 208 | =58 158

0‘60 SPUA' 105 z lo% -
Fon-getaein
type Caxrotenoids
1,0 SPU/L 6% 5% 1%

~19a~
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