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A METHOD FOR TFEL DETERMINATION OF CHLOROPHYLL
Ili SEA-WATER.

By F.S. Davis

SUMMARY

- - Sampling and analytical methods for the spectrophoto-
metric determination of chlorophyll g in sea-water are
given, A cheap and easily constructed water sampler is
described. It consists of a perspex tube which can be
closed at either end by rubber flaps which are joined in-
ternally by a rubber spring.

A small continuous centrifuge for the removal of
suspended matter from sea-water is also described., This
centrifuge operates with an r.c.f. of 5,000 and sea-water
is passed through it at the rate of 4 1/hr. ' A test of
the efficacy of the instrument using marine bacteris shows
that this centrifuge will retain any organisms of an equiv-
alent density above 0.5u diameter.

90 per’cent. acetone 1s the most suitable solvent
for the extraction of chlorophyll a2 from plankton when
extraction is carried out over a period of e;ghteen hours,

.Some inadequacies of this and other methods of
chlorophyll enalysis are discussed.

In citing this report, abbreviats as follows:
C.5.I.R.0. Aust..Div. Fish. Oceanogr. Rep. No.7.
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-I.  IHTRODUCTIO:: 7
The concentration of chlorophyll in sea-watep has been.
used by Ssverai workers =s an indication of the standing

crop of plant meteris} in the ocean. All merine plants,
except the pigmented'bacteria, Possess chlorophyll & which

‘15 essentiz] for photosynthesis in thesg organisms, ‘

determinations are czused by the Presence of other plant

and animal pigments which nre €Xtracted from the plankton .
along with the chlorophyll, and the lability of.chlorophyll
itse¢lr, Chlorophyll is very readily broken dovn both in
the plant zs for SXample by enzymic decomposition by chlorp-
bPhyllase, and after txtraction by decomposition to phaeophytin
should +h- PRl below Pive, .

- The method described below wae developed to assist {p"
thils Division's studics in merine pProductivity, An analyti-
cal method was reguired which would give zn indication of

the standing crop of plant Ratsrisl, In the waters studieg
the concentration of chlorophy1l & 1s often low (<0.0> mg/m 5

be sensitivs snough to enable the volume of the water sample
to be kept within practicable limits,

II. HETHODS

Sea-water samples are colleeted from the desireq depth,
They are returned to the laboratory where the-particulate
matter is renoved by centrifugstion. This perticulate
matter, which contains the phytoplankton of the originsl ses..
water, is extrected with acetone, and the chlorophyll and
other pigments are brought into® solution, The concentration
of chlorophyll in the acetons extract is then determined
spectrophotometrically.

(2) Preparztion of 9 pir cent. Acetone

Technical grade acetoneg ig stored in contaet with
powdered MgCOs unti] required, The acetone 1is then de-
canted off and dried by the addition of Cao. The absence
of water is *ested fop by the addition of 10 ml of CSy to
2 ml of acetone, A clear solution should be produced,

The acetons is then purified by distilletion, For dilution,
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100 ml of water are placed in & one litre volumetric flask ang
made up to the mark with acetone, .

(b} Apperatus

(1) Water Sampler.-~ The water sampler consists of a pilece
~of perspex tubing, 30 inches long and 3-3/4 inches in internaj
dlameter, closed at either end by flaps which are Jolned in- .

ternally by a rubber spring., The mechanism for clamping the
sampler to a wire or rope and releasing the end flaps is
mounted on the outsid: of the cylinder. It consists of 1
central rod connected to two trips which can be actuated by
the usual type of Nansen bottle essenger. A second messen-
ger may be hung from the lower trip to operate a secongd
sampler, (Plate 1),

The sampler takes one gallon of water and this is in
contact only with perspex and rubber, It is cheap, easy to
construct and can be used to take water samples at any depth;
it is attached either to o rope or to the wire used for hydro-
logical sampling,

} (2) Continuous Centrifuge.- Because of the low concen-

tration of marine organisms which contain chlorophyll it is

nhecessary to take large samples of sea-water and to separate

- the organisms from these samples, This is conveniently done
by the use of a continuous centrifuge.

s The continuocus centrifuges used in these studies were

made by adapting portable electric tool-post grinders. Two
high-speed precision races were fitted to the centre spindle
and housilng. In the earlier model a water Jacket was fitted
so that cooling water could be circulated. In the later
model, which is illustrated (Plate 2}, it has been found more
convenient to dispensc with this and substitute a system of
continuous drip feed lubricatien. :

_ The top of the spindle has been threaded to take the
centrifuge cup and around this was secured a plastic shield
with inlet and outflow openings, The centrifuge cup. was
turned from solid stalnless steel, The internal measure-
ments of the cup are.- height 1,389 in., diameter at top
1.527 in,, diamzter =% base 1.822 in.

The water sample is run through the centrifuge at a
rate of 4 1/hr. The relative centrifugel force (r.c.f.) of

the instrumsnt at 14,000 r.p.m. calculated on the bottom dig..
meter 1s 5,000. , ' S

The efficacy of the centrifuge was demonstrated in the
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Plate 2: Continuous Centrifuge
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following manner, A one litre mixed culture of marine
bacteria, 0.5 - 1.0p in diameter, growing in an enriched
artificial sea-water medium, was run through the centrifuge
under the conditiogs stated above. The concentration of
the culture was 109 organisms per mil, Culture of the
centrifugate on the same medium failed to give any growth

of the test organisms. It is conecluded that the centrifuge
will retain any organisms of an equivalent density above
0.5u diameter. ,

(c) Sampling and Analytical Procedﬁres;

One or two gallon water samples are brought to the sur-
face in the water sampler. . The water is poured into one
gallon plastic bottles which are stored in the dark until -
they are returned to the laboratory. ' ' -

Usually the centrifugation of the water samples is com-
pleted within thirty six hours of thelr collection, '

In the laboratory the particulate matter is removed by
the continuous centrifuge as described above. The compacted
sediment and the last few ml of sample remaining in the bowl
are transferred to a 25 ml gradusted, round bottomed centri-
fuge tube, "The bowl is then washed successively with small
amounts of supernstant. The suspension is centrifuged and
the clear supernatant is decanted of f and discarded; the
tubes are inverted and allowed to drain for fifteen minutes.
rifteen ml of 90 por cert, acetone are then added, the tubes
are corked and stored in the dark without any subsequent
shaking, - The extraction is allowed to proceed for 12 - 18
hours.  After centrifugation, the total volume of pigment
solution is read off the graduated tube and sufficient of
the supernatant extract is pipetted off and transferred to &
40 mm cuvette, The optical density at 665 mu is then de-
termined using e Unicam SP500 spectrophotometer. The max-
imum slit width used 1s 0.06 mm corresponding to a bend-
width of 2.7 mu.

(d) The Effect of Acetone Concentration on
Efficiency of Pigment Extraction

The following experiment was carried out to determine
the concentration of acetone to be used in pigment extraction,

Severzl 5 ml aliquots of a mixed culture of microscopic
marine algae were taken. The algae were centrifuged out
and the suspending fluid decanted. The algae were extracted
for eighteen hours with acetone-water solutions of varying
compositions., At the end of this time the optieal densities
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of the extracts .were measured at 665 mp. The results . which

are represented grephically 1 Figure 1l show . that 90 per-cent
acetone gives maximum extractionfofﬂchlorophyll.over a perioed
of eighteen hours. . SR g

(e) Beer's Law

Following the work of Richards end Thompson (1952), At was
confirmed that in the Tange of optical density 0.0-0.8; the:

readings Were groportional to chlorophyll concentration. - The !
pigment extrac

in this range, thus_psrmiﬁyiaguﬁh%.ﬂnplisation of ;Beer's Law.
(f) Calcutation of Results

In accordance with thé laws of Beer -and Lambert the
followling relationship is used ' o

_ D=%ecd o
" where D 1s the observed optical-density, E ot

k is the speeific extinction coefficient - °= -
of ch;orophyll a-in 9C%h acetone‘measurediat 665 my,

.o C is the concentration of chlofopﬁyli §'in‘the;

acetone solution used in the spectrophotont ter;(gfl),

" .i ia is the length of absorbing path‘of-the‘sample;.;”
o xcx - (inthis case 4 em). P A
"””RichardsAapd Thompson (1952) glve the value of k‘aajéﬁ{i‘
e D= 667 XAXCS
. Let x = concentration of,Chlbraphylilg in the sead
: : yater.ggmple (ng/m o

Vs

= volume .of water semple (ml)
Va = volums of acstone extract (ml)
Then x = c'zg ’ loé*ﬂ.mm
7a
el XS D . Y_@.__‘ . 106
. . 66073( 4’30 VS
e X = D. Yg " 37SO mg/m3

Vg

s were diluted, if necessary, £to bring them with- -

FAN AN oL
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(g) Prseision of Measurements

III. DISCUSSION

$1952), and Marshalj (1956) it has

R plankton extracts only the chlorophylis
contribute tg light absorption at the wavelength at which
measurements were carried out, The results are given in
terms of chlorophyll & and assume furthep that at 665 mu the
contribution to the light absorption by the plankggggﬁxtract,
of chlorophylis L and g, is negligible. This assumption is
not entirely true but results given thus can be compared

with those of other workers and do not rely on an arbltrarily
assigned absorption coefficient of chlorOphyll g. _

Richards ang Thompson
that in

It is desirable to be able to report analytical results
in absolute units, This has been done using the figure of
Richards (1952) for the specifie absorpéion coefficlent of
chlorophyll a. However, his work 1s based in turn on the
determinations made by Zscheile (1934). as Smith and '
Benitez (1954) polnt out "gyeh diserepancies exist between
the published values (of absorption datg for chlorephylils)
as to warrant their redetermination, " Until the position _
has been ¢larified the Specific absorption coefficlent act- =
Ually used should be stated to permit comparison of results
between different workers and, ir necessary, subsequent pe-

calculations of results™in tha light of futire more asccurate

Considering the lability or chlorophyll and the diff-
lculty or obtaining a pure Préparation, it seemg preferable
to use g Specific absorption coefficient rather than g
chlorophy1l standard of doubtful purity,. _
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