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1.

Introduction and Brief Overview of Methods

Ch}orophyllré_concentration is considered an index of phytoplankton biomass.

This manual describes standardized methods for making shipboard measurements
of chlorophyll a concentrations during the Northeast Fisheries Center's Ocean
Pulse and MARMAP surveys of northeastern U. S. coastal and continental shelf
water between Cape Hatteras and Nova Scotia. Our survey area and sampling
Tocations are depicted in section 26.10.

Qur fluorometric method for determining chlorophyil a is based on the method
and suggestions provided in Strickland and Parsons (1972), Holm-Hansen et al.
(1965, 1978), UNESCO (1966), Yentsch and Menzel (1963), and Turner Designs

1976). Shortly after collection of seawater, filtration of phytoplankton,
A -—-L-———L—j

grindingland extraction of pigments in 90% acetone and measurement of
fluorescence. are performed at sea.

In our baseline surveys we are particularly interested in determining the
relative biomass of netphytoplankton (>20 um) and nannophytoplankton

(<20 um). Consequently, all seawater samples are size-fractionated by
serial filtration through 20 um mesh and 0.7 pym mesh filters to yieid
concentrations of chlorophyll a in netplankton and nannoplankton. "The
Ocean's Food Web, A Changing Paradigm" (Pomeroy, 1974) provides a useful
description of the structure and function of marine planktonic ecosystems,
and emphasizaes the importance of the smaller nannoplankton as a major
component of the phytoplankton community in many marine environments.

Our own studies of phytoplankton in the Raritan-Hudson estuary (0'Reilly
et al., 1976), New York Bight (Thomas et al., 1978), and Georges Bank
(Thomas et al., 1979) as well as other studies (Malone, 1976; Malone et al.,
1979; Durbin et al., 1975; McCarthy et al., 1974} have demonstrated the
guantitative importance of nannoplankton assemblages.

We use a fluorometric method rather than a spectrophotometric method for
measuring chiorophyll a because the fluorometric method is about 20 times
more sensitive (Holm-Hansen et al., 1965) and consequently smaller volumes
of seawater are required for an accurate determination. Concentrations
approaching 0.01 ugChia/1 may be measured on the fluorometer when the
plankton in one liter of seawater are filtered and extracted. This is
1mportant 51nce in most multidisciplinary field surveys such as ours where
are taken from a single water sampling bottle (i.e. dissolved
oxygen, chiorophyll, V4C-primary productivity, nutrients,

pH, alkalinity, phytopiankton species, salinity, etc.} the volume
of seawater for each analysis must be minimal.

Additionally, the fluorometric method, because of its enhanced sensitivity,
enables us to size-fractionate the phytoplankton comnunity and obtain
estimates of chlorophyll a concentration in netphytoplankton and nanno-
phytoptankton throughout an annual cycle, even during periods when either
netplankton or nannoplankton are sparse. Other advantages of fluorometric
methods are summarized by Turner Designs (1976).



Samples for chlorophyll a analyses are usually collected from the surface,

5, 10, 15, 20, 25, 30, 35, 50, and 75 meters. Deeper depths are sampled
depending on the vertical distribution of the phytoplankton and objectives
of the sampling program. At stations where primary productivity is measured,
additional depths corresponding to 69, 46, 25, 10, 3, and 1% of surface
irradiance, are sampled for ch]orophy]l S0 that phvtoplankton production

can be directly related to phytoplankton biomass (0'Reilly and Thomas, 1979).
Additionally, a "bottom-trip" Niskin water sampling bottle (rigged to close
when a tripping device contacts the seabed) is used routinely during our
surveys to better define phytoplankton biomass near the seabed. In shelf
and coastal water less than 50 m deep we have frequently observed large
concentrations of phytoplankton in water collected within a meter of the

segbed.

Ch1orophy1] a is measured fluorometrically using a Turner Designs fluoro-
meter.* The fluorometer is calibrated using a pure chlorophy]T & extract
obtained from Sigma Chemical Company. The fluorometer is also checked
against a pure chlorophyll a calibration standard obtained from the U. S.
Environmental Protection Agency, Environmental Monitoring and Support
Laboratory, Quality Assurance Branch, Cincinnati, Ohio 45256 USA.

At sea, the fluorescence of chlorophyll a in plankton extracts is read on
the f]uorometer, two drops of 5% HC1 are added to the extract, and the
fluoroescence is reread. The "before acid" and "after acid" fluorescence
readings and relevant field information concerning sampling location, time,
depth, volume of seawater filtered, et¢. are coded at sea on a standard
chlorophyll computer form.

The data are keypunched and processed through a FORTRAN program to generate
concentrations of chlorophyll a (mg/m3), phaeophytin a (mg/m3} and the sample
acidification ratio (Fo/Fa). The chlorophyll program also sums netphyto-
plankton and nannophytoplankton chlorophyll a concentrations to generate .
"total" chlorophyll a for each sampling depth, and generates a weighted
average of chlorophyll a concentrations for the water column by arith-
metically integrating chiorophyll concentrations over depth and then

dividing the integral by the deepest sampling depth (generally 75 m).

*Jse of trade names throughout this paper does not imply endorsement by
NOAA/National Marine Fisheries Servica.



2. Equipment Setup and Precautions ‘

To assure the highest quality of chlorophyil analyses, consideration should
be given to the location of chiorophyll related activities on shipboard and
the compatibility of these analyses with othef analyses performed in
the same shipboard laboratory.

2.1 Work requiring strong acids should not be done in areas where chiorophyli
anaTyseS are being performed. If possible, cleaning of all chiorophyll equip-
ment should be done in an acid-free area (a sink where no acid is dispensed,
poured, etc.). Because nutrient analysis, 14C,and dissolved oxygen analysis
all require the use of acid at some stage in processing, these analyses should
be performed outside of chlorophyll working area, if possible, in another
laboratory.

2.2 Light can breakdown chlorophyll. Because of this, sampies must be
filtered and anaiyzed under subdued ]ight. Analysis should be conducted away

from windows, porthoies, etc. If analysis must be conducted near these light .

sources, it is necessary to opaque them.

2.3 There should not be a stfong flow of air going through the laboratory
while filtering as this may result in unwanted particles coming in contact
. with the filters and/or the loss of a filter while transferring filter
from filter holder to grinding vessels. Portholes and hatches should be
clpsed'during filtering and analysis.
2.4 Precautions should also be taken to minimize the amount of acetone vapor in
the shipboard laboratory. Ouring grinding, the box containing the electric
drill is vented to the outside through a small exhaust fan connected to the

grinding box with 75 mm diameter flexible plastic duct.




3.1

3.2

3.3

3.4

Presail Equipment Testing

Fluorometers are calibrated before and after each survey.(;hct. 18, 19).

:i’\'f"o-‘ i 14 ? PRL
Before sailing, the fluorometer is checked to insure tiat it is functioning
properly and¥readings of standards are consistent withvlaboratory calibration
(sec. 21). A pure chlorophyll a and a secondary coproporphyrin standard are
read on the fluorometer before sailing and once each day at sea.

Remove chlorophyll and coproporphyrin standards from freezer and allow to -
warm up to ambient room temperature in their opaque containers. If the
samples are cold when placed in the fluorometer, condensation may occur and
readings will be in error. Also, the temperature at which standards (and
samples) are read should be consistent since fluoroescence varies with
temperature,

Under subdued 1ight, blank the fluorometer with 90% acetone, and read the
fluorescence of chlorophyll a and coproporphyrin standards. Record
observations on the field log for recording daily readings of primary
(chlorophyll a) and secondary {coproporphyrin) standards (26.2).

If the reading obtained with the chlorophyll a standard is lower by more
than a few percent of the expected fluorescence,.

the fluorometer calibration may no longer be valid or the chlorophyll
standard may have degraded.

If the coproporphyrin readings agree with the expected (laboratory
calibration) reading the chlorophyll a standard has probably degraded.

The fluorescense of the second (backup) chlorophyll a standard is read.
If this agrees with the expected reading, the first standard probabiy degraded.

— ——

35 To test if the chlorophyll a standard has degraded, 2 drops of 5% HCI

4,

are added to the standard in question. The acidification ratio of the
standard is dteremined (the ratio of fluorescence units before
acidification/fluorescence units of the standard after acidification
(Fo/F4)}. This ratio is compraed to the laboratory determined T. If
the ratio of the standard is significantly lower than t the standard
probably degraded, if it is equal to T the instrument probably is not
holding calibration and the backup fluorometer should be used after

it has been tested(sect. 3.1).

Prestation Preparation

4.1

4.2

Be sure all glassware is clean and dry. Fluorometer cuvettes must be
clear and unscratched.

Prepare 90% acetone solution (100 ml distilled water Q.5. to 1000 ml with
spectroquality acetone}.




4.3 Place a 47 mm diameter Whatman GF/F filter in a 47 rm diameter Gelman

filter holder. This is used to generate filtratesused to wash plankton
of f inner walls of filtration funneTs.@prefi]tered séawater

e

Place 25 mm diameter 20 um Nitex, and 25 mm diameter GF/F_g]ass fiber
filter in the upper and lower filtration funnels, respectively.

Forceps should always be used when handling giass fiber (GF/F) and nylon
(Nitex) filters. Do not use fingers! Vlhen not in use, the forcep tips

are covered with a short length of plastic tubing.

4.4 Check 300 um 1" diameter inline filter in the drawing tube to insure that

4.5

4.6

5.2

1
S.#

575

1t is clean, free of detritus and zooplankton, and properly centeresd in the
filter holder.

the. The )
Check thattvacuum setting is less than 55,mm Hg (~30 inches of water).
Adjust vacuum so that the water level in¥manometer registers 30 inches.
(A vacuum pressure higher than 55 mm Hg can lyse phytoplankton celis
causing underestimates of chlorophyll a.}

Empt¥ the water trap located between the vacuum pump and the filtration
manifold.

Seawater Collection

Samples are usually collected from surface, 5, 10, 15, 20, 25, 30, 35, S0,
and 75 meters using opaque PVC Niskin bottles. At stations where primary
productivity is measured, usually at sunrise-and noon additional
depths are sampled corresponding to 100% !surface), 6@%, 46%, 25%, 10%,
3%, and 1% light penetration (determined with a quantum-response photo-
meter). At least 6-7 depths are sampied throughout the euphotic layer.
When sampling, care should be taken to insure that the sampie is frae
from ship discharges. :

Bottles are placad on the hydrowire so that standard depths of 1, 5, 10,
15, 20, 25, 30, 35, 50, and 75 m are sampled when the wire is perpendicular
to the surface plane of the water with a wire angle of 0°. )

The Niskin sampling bottles are hung on the hydrowire and "soaked" for 5
minutes at the sampling depth before the messenger is released and the
bottles closed. This helps to insure that the Niskin bottles are thoroughly
flushed and equilibrated with sample water.

Record the following information on the chlorophyll coding form
for each station (see section26.1).

Year, month, day, and time (EST) when the messenger is released and watar
bottles closed (columns 1 through 10).

Also, record the consecutive station number in'columns 11, 12, 13 and the
predetermined station number in space provided on the left side of the
coding form,



ime the messenger is released is recorded. .
r

i i i i de (Because W
-+, _.-Using this angle appropriate depth correc;1ons are made (6
- ;;gles less than 10° do not affect the sampling depth significantly, depth
-corrections are made for wire angles of 10° or greater only)

L—The wire angle at the t

>

Iged$:§¥21?E(ggeg?ctug}njagggizgaggptg whenlphe wire angle is 10° or greater
table and the wire angle in the ard sampling depth at the top of the
; extreme Jef : :
g:nt?g corresponding column and row in the EagfetgﬁlgabTe. The intersection
"pling depth. approximate the true

In cases where standard depths are not sam i "pri ivi
. : pled, i.e. "primary productivity"
stations, the actual sampling depth is calculated using the fo?iowing for%ula:

Actual depth = (cosine wire angle) x (anticipated depth (m))

where:
Angle (<°) Cosine
10 0.98
15 ) 0.97
20 0.94
25 0.91
30 0.87
35 0.82
40 - 0.77
45 0.71

The wire angle, bottom de i di
- pth, Secchi dis i
the spaces provided on the left side of igzeggg?gg ?giﬁh e recorded in

6. Sampling Chlorophyil and Removal of Zooplankton Greater than 300 microns

As soon as the first (surface) Niskin bottle is in the rack begin drawing
sampies. Do not delay as settling of plankton will resuylt.




Dissolved oxygen samples should be taken from the water bottle before

any other samples are drawn. The following subsamples, 14C-productivity,

chlorophyll, nutrients and phyto?lankton species are taken immediately

following oxygen sampling, with !*C-productivity sampiing having the )

"right of way”. Samples for salinity determination are taken last. Reversing
thermometers are read after salinity samples have been taken.

i ible.
A1l sampling should be performed as soon as possib
There will bg a certain amount of "crowding” at the water bottle rack

if sampling is efficient and proper.

Water for chlorophyll analyses is immediately transferred from the Niskin-

into an opaque 1-liter polyethylene bottle tnat has been rinsed twice with,
sample water. During the transfer, the water passes trum tne Niskin petcok through

s1iicon tubing (with a 300 micron nylon mesh filter held in line by a 1"

plastic Gelman filter holder) into the bottom of the opaque bottle. The

purpose of this filter is to remove larger zooplankton, which if present,

could interfs:e with chiorophyl]l a measurements.

¥
When fillingtopaque plastic 1-liter chlorophyll bottles, leave an air space .
so that the contents can be mixed easily before filtration.

Prefiltered Seawater

Before beginning sample filtration, between 600-800 ml of prefiltered seawater

is prepared by filtering surface seawater through a Whatman GF/F glass fiber
filter (47 mm diameter). The filtrate is transferred to a plastic squeeze hbottle
and used to rinse filtration funnels.

Filtration

A subsampile from the opagque chlorophyll sampling bottle is size-fractionated

through an upper stage 20 um mesh filter (Nitex, 25 mm diameter), and a Tower

stage ~0.7 um mesh filter (Whatman GF/F, 25 mm diameter) to collect netphytopliankton
and nannophytoplankton, respectively. During filtration, a manometer is used

to regulate vacuum pressure at <55 mm Hg (2.2 inches Hg). Higher vacuum pressure
may lyse phytoplankton cells.

8.1 Seawater samples for chlorophyll a analyses are filtered immediately after
water from all sampiing depths is collected .

8.2 The filtration rack can simultaneously filter 10 samples. Filter the samples ~
in order of increasing sampling depth, beginning with the surface sample. h

8.3 Mix the sample by geﬁtly inverting the sample bottle 5 times. The purpose
of this is to resuspend particulates that may have settled to the bottom
of the container.

8.4 Rinse the graduated cylinder twice with about 50 mls of sample. Measure
the aliquots to be filtered (in our coastal/shelf surveys generally between
0.200 and 0.300 1).




8.5 Record the volume of seawater filtered (liters) in columms 24, 25, 26,
27, 28 of the chlorophyll data coding form. .

8.6 Pour the samble into the upper stage netplankton filter funnel. The sea-
water will quickly pass through the 20 um mesh filter (via gravity) into
the lower stage nannoplankton filter funnel.

8.7 Immediately rinse down the inside of the netplankton filter funnel with
about 30 ml of prefiltered seawater. The rinse water will ¢ollect in the
lower stage funnel. This step is necessary to remove and collect netplankton
and nannoplankton adhering to filtar funnel. It also insures that the filter
funnél and filter base are "clean" before the filter funnel is used for the
next sample.

8.8 As soon as the seawater rinse passes through the netplankton filter and
into the nannopilankton filter funnel the netplankton filter is removed
from the filter funnel according to the instructions given in section 10,
"Removing Netplankton Filters".

8.9 When the weak vacuum has drawn almost all the seawater through the lower
stage nannoplankton filter (2-5 mls remain above the filter) rinse the
nannoplankton filter funnel walls with about 15 ml of prefiltered seawater.
Repeat this again, when only one or two ml of seawatar rinse is covering
the nannoplankton filter. As soon as the rinse seawater passes through
the nannoplankton filter, turn off the air valve connecting each individual
funnel stem to the vacuum line s¢ that remaining nanngplankton samples will
continue to filter.

Volume of Seawater Filtered

The volume of seawater filtered for chlorophyll analyses will vary with the
concentration of phytoplankton. Usually 200 to 900 ml of seawater is
filtered during our coastal/sheif surveys. The seawater volume is chosen so
that the fluorescence readings of acetone extract is approximately in the
mid-range region of the fluorometer (1, 31.6; or 100,1 ranges) and

yields around 100-300 fluorescence units (see sec. 19).

Fluorescence readings of dilute chlorophyll extracts requiring the

Towest ranges of the fluorometer do not fall within the above fluorescence
range. In such cases larger volumes of seawater are filtered. If

the fluorescence of both netplankton and nannopiankton chlorophyll a
extracts is too low (20 fluorescence units s the lowest we accept)

a larger volume of seawater is serially filtered through both

netplankton and nannoplankton filters. )

If the nannoplankton size-fraction is very abundant and the netplankton
size-fraction of the phytoplankton is very scarce, additional volumes
of seawater are filtered only through the 20 um net®plankton filter to
obtain fluorescence readings within the desired ranges of the
fluorometer.



10.

1.

Removing Netplankton Filters

10.1 Remove the netpiankton filter funnel from the filter base support.

10.2 Using ¢lean forceps, place a clean unused 25 mm diameter glass fiber GF/F
filter disc on top of the netplankton-nylon filter. This facilitates the
transfer of netplankton to the grinding vessel and insures that the glass
fibers from the GF/F filter come in good contact with the netplankton
on the Nitex filter during grinding.

10.3 Using clean forceps, remove the two filters together, and transfer the
filters to a grinding vessel. The intact pair of filtars is placed near

the bottom of the grinding vessel with the glass fiber GF/F facing the
center of the grinding vessel, and the nylon filter against the inner wall
" of the grinding vessel.
10.4. Rinse the forcaps witﬁ 90% acetone, quantitatively collecting the rinse
in the grinding vessel.
10.5. Add approiimate]y 3-4 mi - of 90% acetone to the grinding vessel, insuring

that the filter is completely submerged in acetone.

10.6. Temporarily store the vessel in a dark test tube box which contains a
frozen plastic ice pack at the bottom of the test tube box (this insures
that samples are chilled before grinding to minimize heating of the
extract).

- (<o
Removing Nannoplankton Filtars wheve +there are no planieion

11.1. Using clean forceps grab the perimeter of the fi1teriand foid the filter
in half so that the nannoplankton are "inside"” the filter semi-circle.

11.2. Using forceps, carefully transfer the filter to the grinding vessel.
Place the nannoplankton filier near the bottom of the vessel.

11.3. Rinse the forceps with 90% acetone, guantitatively collecting the rinse
in the grinding vessel.

11.4; Add approximately 3-4 ml of 90% acetone to the grinding vessel, insuring

that the filter is completely submerged in acetone.

11.5. Temporarily store the vessel in a dark test tube box which contains a
frozen plastic ice pack at the bottom of the test tube box {this insures

that the samples are chilled before grinding to minimize heating of the

;ayf‘rat;i"l. -



12. Grinaing and Extracting Chlorophyll &

After all netplankton and nannoplankton samples from a station are
filtared, transferred to the grinding vessels, and covered with 3-4 ml 90%
acatone and chilled, the extraction of chlorophyll a fis accelerated by
grinding samples in the grinding vessel with a Teflon tip grinding rod

driven by an electric hand drill which is firmiy anchored to a ring stand.

- —— -

12.1 The sampies are grouﬁ; a;d extractad, in the_order ;hich they were filtared,
at maximum drill speed (500 rpm; until the glass fiber fiiter and plankton
are pulverized and the entire extract is homogeneous. This . takesg
oﬁe minute. Grinding the extract for periods greater than one minute may
result in excessive heating of the extract, and pigment degradation.
Generally after the first 20 seconds of grinding the glass fiber filter
is fragmented. The remaining 40 seconds of grinding insures thorough contact

ameong
phytoplankton, glass fibers, the Teflon rod and the wall of the

grinding vessel.

e —

12.2 For a rapid efficient cilorophyIT extraction,fhe ériﬁaing rod shoula be
moved up and down as it revoives . against the side of the grinding
vessel where the filter is placed. When grinding the netplankton sample, it
is nacessary to keep the glass fiber filter between the Nitex filter and the

grinding rod to insure that the cells on the Nitex filter are broken.

12.3 At the completion of grinding, lgwer grinding vessel, keeping the -
rod directly over the vessel and rinse rod with 90% acetone, quantitatively

collecting the rinse in the grinding vessel.



12.4 Using 90% acetone in a plastic squeeze bottle, bring the level of extract
to 10 mis using the prescribed mark on the grinding vessel (grinding vessels
purchased from A. H. Thomas Company, Philadelphia, Pennsylvania, USA, Type A.

A 10 ml mark fs scribed on the vessel by us in our laboratory). |

12.5 The grinding vessels are sealed with a soft rubber stopper. (Stoppers
used should be tested to determine if they leach and interfere with fluorescence
readings.) Alternatively, the extract can be quantitatively transferred to
a3 plastic or glass graduated 10-15 m1 centrifuge tube with screw cap. and sealed.
We pre#er to donduct all steps in preparation of sample in one vessel
and therefore grind, extract, and centrifuge directly in the grinding
vessels. This saves time, eliminates a transfer step, and minimizes

the amount of glassware needed at sea.)

3. bAfter stoppering thoroughly p . o
o . mix the extracts by completely inverting each grinding vessel

10 times and return the vessel to the dark test tube box containing a frozen

plastic ica pack.

12.7 Allow 5 minutes to elapse before the vessels are again compietely inverted
10 times to accelerate the extraction of pigments. |
12.8 Again, after a second 5 minute extraction period, compietely invert each
grinding vessel 10 times, )
12.9 Immediately centrifuge samples in grinding vessels at 4000 rpm for

2 minutes. Samples should be clarified after 2 minutes, if not
centrifuge another 2 minutes.



13. Measuring the Fluorescence of Chlorophyll Extracts
cente! *Fufam an and,

13.1 FollowinglcTarification of pigment acetone extracts, approximately

5-6 ml of the extract is carefully decanted into a fluorometer cuvette
(13 mm x 100 mm) and the fluorescence is measured using a Turner Designs
Fluorometer equipped with the 10-045 Blue Tamp, red sensitive photomultiplier tube,
Corning filters 10-080, 10-051, and 10-052 for excitation, emission, and
reference, respectively.
13.2 As suggested in the Turner Designs manual, we havé changed the labelling
of tﬁiwfensitivity ranges of the fluorometer from the factory-brinted ranges
to thelranges indicated in the tablesbelow, so that the product of range 1

times range 2 times upper-scale needle reading is

always directly proportional to chiorophyll a concentration.

Range 1
Ol’\_.s-nl'ul Iueu')
Factory Label
Label
1 100
100. ~ -
Range 2 -
Cnrj.m.-.! {\;\ eLs
Factory Label
Label
31.6 - 1
10 - 3.16
3.16 - 10
Min sens(y ' 31.6 | §0% acetone

13.3 Before reading the fluorescence of chlorophyll extracts,Lblank measure- b
ments (fluorescence of 90% acetone} are made on each of the eight passible range
combinations (1 x 1, 1 x 3.16, 1 x 10, 1 x 31.86, 100 x 1, 100 x 3.16, 100 x 10,

_ “before acid'’
100 x 31.6} and recorded in the appropriatelboxes on the chlorophyll data
coding form. Two drops of 5% HC] are added to the cuvette and the fluorescence

is recorded for the eight range-combinations ;A <he appespwaie. atter~ acid

‘ RN
coxes{secriT T



13.4 When reading the fluorescence of chlorophyi] extracts,cﬂzl%-fge upper-
scale (0-10) 1is wused. and The twe sensitivity rangeslof the fluoro-
meter are adjusted to generate a needle reading between 3 and 10units
on the upper.scale for the unacidified sample.

13.5 The fluorescence of the sampie is read and recorded in column 36 through
40 of the chlorophyll coding form. (26.1). Two drops of 5% HC1 are added to the
sampie using a small eyedropper (1 drop =A0.05 ml). The acidified sample
is mixed and as soon as the needle stabilizes (15 to 30 secondé after
acidification) the fluorescence is reread and recorded in columns 48 through
52 of the chiorophyll coding form. The fluorescence of the sample after

acidification should be measured using the same fluorometer range combination

which was used for the unacidified sample. This insures that the Fo/Fa

(fTubresceuce before/fluorescence after acid) determined for each sample will

be precise.

14. Cleaning Glassware N L

Immediately after use, the grinding vessels are placed in a plastic tub
containing soapy water ("Liqui-Nox", manufactured by Alconox, Inc., New York,
NY 10003, USA) until they can be thoroughly cleaned. The vessels are scrubbed and
rinsed 5 times with tap water, and air dried on apolyethelene pegboard drying
rack. Immediately after use, fluorometer cuvettes containing acidified acetone
pigment extracts are placed in a second plastic tub containing Liqui-Nox
solution. The cuvettes are thoroughly rinsed 5 times with tap water and

are,
dried on a plastic drying rack. If a film develops on the cuvettes they shee

e rinsed with 90% acetone.



15. Preparation of Primary (chlorophyll a) and Secondary (coproporphyrin)
Standards

15.1 Chlorophyll a standard
' Approximately 1 mg of pure chlorophyil a (Sigma Chemical Company) is
dissolved in 1-1iter of 90% spectroqu&lity acetone. This stock solution
is stored in the freezer in a glass, stoppered T-liter volumetric flask
which is opaqued by covering it with aluminum foil. This standard is
used to calibrate flurcmeters. The chiorophyil a stock solution is also
used to fill several stoppered flurometer cuvettes which are taken to
sea to insure that the fluorometers are maintaining calibration( Secrb-BJj:
15.2 Coproporphyrin standard
Coproporphyrin can be purchased from the Sigma Chemical Company,
P. 0. Box 14508, St. Louis, MO 63718. One mg is dissolved in 10 mi
1.5N HC1 in a 100 mi volumetric. Once dissolved, it is diluted to 100 ml
with more 1.5N HC1, and stored in glass stoppered amber bottie in a
refrigerator (Turner Designs). This stock solution is used to fill
several fluorometer cuvettes which are taken to sea as the "secondary
standards”. The cuvettes are sealed with a stopper. The secondary

standard is refrigerated and kept in darkness during the cruise.



»

16.

16.

Recording Information gn the Chlorophyil Coding Form

| A standard chiorophyll data format has been developed to‘enter data into
a computer so that calculations of chiorophyll a concentration may be‘made
easily for a large number of field samples, and so that calculated data may

be computer-archived with related information such as sampling date, location,
depth, etc. (sect. 26,1).

1 The following table explains the locations on the coding form where data
are coded. An 80 column format is.used in recording essential data which is
keypunched. Additional ancillary infcrﬁation is recorded ¢n the chiorophyil

coding sheet but is not keypunched.

INFORMATION | " COLUMNS USED ON CODING FORM
Year | 1,2
Month ' 3,4
Day | 5,6

-Time (hours, eastern standard time when messenger 7,8,9,10

is released
Lonsecutive station number 11,12,13
Actual sampling depth (m) 14,135,176

Size fraction. (NETplankton, NANnoplankton or
PPP if water is not fractionated 17,18,19

Sampler type (N = Niskin bottle; B = surface
bucket sample; P = submersible

pump, etc.) 20
Tube number (number on grinding vessel) 21,22,23
Volume of seawater filtered (liters) 24,25,26,27,28

Final volume of acetone extract (ml, usually
10.0 mt) 29,30,31,32

Fluorescence Before Acidification of Extract

Range 1 on Turner Designs Fluorometer (1 or 100) 33,34,35

Range 2 on Turner Designs Fluorometer (1 or
3.16 or 10 or 31.6) 36,37,38,39,4C
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INFORMATION ' COLUMNS USQD ON CODING FORM

Upper-scale reading on Turner Designs Fluorometar ;¥&L-\.
) 1,42,43,44

Fluorescence After Acidification of Extract
Range T on Turner Qesigns Fluorometer (1 or 100} 45,46,47

Range 2 on Turner Designs Fluorometer (1 or
3.76 or 10 or 31.6) 48,49,50,51,52

Upper-scale reading on Turner Designs Fluorometer ,
: 753,54,55,56 1Y%

o
Blank reading (fluorescence of 90% acetone fjiﬂ»b‘

2 using the same range ! and range 2 :

®° U used for reading fluorescence of

VN chlorophyll extract) 57,58,59,60

("
g P
&‘3_/__ Columns not used 61,62,63,64

&% T F, fluorometer calibration factor

o (ug chlorophyll a/10 ml acetone/
fluorescence unit) using pure
chlorophyll a 65,66,67,68,69,70,71,72

7, calibration factor (ratio of fluorescence
before acid/fluorescence after acid)
using pure chlorophyll a 73,74,75,76

&—¢olumns not used 77,78,79,80



17. Recording Ancillary Information on the Chiorophyll Cading Form

17.1 The research ship, cruise number, predetermined station number, latitude,
longitude, local time, and Greenwich mean time are recorded on the left side
of the coding form. The predetermined station number is the number assigned
to the intended sampling Tocation before the station is actually o;cupied
‘and given a consecutive station number,
17.2 The hydrocast wire angle is measured with an inc]fqgmetgr at the time the
messenger is released. The cosine of the wire angle muitipliied by the anticipated
sampling depths yields the locations of actual “corrected" sampling depths.
Between columns 13 and 14 of the coding form, there are three columns (this
data s not keypunched) for recording the anticipated sampling depths (m}.
Following the hydrocast, the anticipated sampling depths are corrected (using
cosine formula) and the corrected sampiing depths (to nearest whole meter)
are coded and keypunched in columns 14, 15, 16 of the coding form(s*ed-s"f)-

17.3 The bottom trip sampler (a Niskin bottle rigged to close when a trip weight
contacts the seabed) is frequently used in shelf surveys at stations shallower
than 75 meters.

17.4. The bottom depth determined using the ship's fathometer and determined
from the winch meter wheel are recorded.

17.5. The disappearance-depth of a 30 cm diameter white Secchi disc is recorded
to the nearest tenth of a meter.

17.6. The_naﬁes of technicians and individuais responsible for seawater collection
and measurement of chlorophyll concentrations are recorded for each station
sampled.

17.7. In the upper right hand corner of the data coding form, columns are

provided for recording the fluorescence of the blank (90% acetone) before

s



and after two drops of 5% HCl1 are added to the blank. The fluorescence of

the blank is read using the eight possible combinations of raﬁge 1 and

range 2 (Section 13). The blank fluorescence is measured at each station, before
the fluorescence of chlorophyll extracts is measured. With 90% acetone in

the fluorometer cuvette, zero the instrument on the most commonly used range
combination, then proceed to record fluorescence of the blank using the

seven remaiﬁing range combinations. The blank fluorescence readings

from range 1 and range 2 are paired with the chleorophyl]l extract

fluorescence readings made on the same range 1 and same range 2. Fbr example,

if a chlorophyll a extract gave a mid-scale needle reading using range 1 (=1)

and range 2 (=31.8) then the readings of blank fluorescence before acid

made on range T(=1) and range 2 (=31.6) are transcribed to columns 57, 58, 59, and
60 of the coding form. Readings of fluorescence of the 90% acetone blank

after the addition of 5% HC1 are made and recorded but are not keypunched and

are not paired up with the fluorescence readings of chiorophyll extracts since

the "after acid" blank is usually identical to the "before acid" blank. It

is good practice, however, to make the "after acid" blank fluorescence readings

to insure that the acid added to chlorophyll extracts is not systematically
contaminating these extracts and altering the sample acidification ratio

(Fo/Fa}.



18.

Calibration of Fluorometer

The Turner Designs Fluorometer is calibrated spectruphotométrically using
pure chlorophyll a purchased from Sigma Chemical Company, P. 0. Box 14508,
St. Louis, MO 63178, USA. Ffluorometers are calibrated inmediately before
and after a survey. Additionally, several aliquots of pure chlorophyll a
are taken to sea in stoppered fluorometer cuvettes, stored in a freezer and
in the dark. At sea, each day (preferably at night)}, the fluorescence of
pure chlorophyll a is recorded to determine if significant drift in the
fluorometer calibration has occurred-(26.2)( 3.1, |

Also, as a check on our laboratory calibration procedure, the flucrescence
of a pure chlorophyll a standard solution available (no charge) from-U. S.
Environmental Protection Agency, Environmental Monitoring and Support
Laboratory, Quality Assurance Branch, Cincinnati, OH 45263, USA is measured
to determine the accuracy of our calibration facfor.

Two calibration factors (F anq T) are required to equate fluorescence
readinés with chiorophyil a concentrations, corrected for the presence of
phaeophytin 2. F is the ratio of chlorophyll a to one fluorescent unit. One
fluorescent unit, usin%ﬁ%ﬁe Turner Designs Fluorometer, is equivalent to a
needie reading on upperif1uorometer scale of 1.0 when using a setting of 1 on
range 1 and 1 on range 2, that is, the most sensitive combination of ranges
for the ﬂvu&r;omsks‘g.ﬁulzr;ij‘&g. u&iffﬁof ug Chia/10 ml acetone/fluorescence unit.
Calibration factorsifor five qifferent fluorometers ranged between 1.0 x 107%

to8.0x 1074 g Chla/10 m! acetone/fluorescence unit.

T is the ratio of fluorescence before acidification of a pure chlorophylil g'
solution to the fluorescence of the solution after acidification with 2 drops
of 5% HC1., Generally, T ranges between 2.2 and 2.4, and is unitless since

it is a ratfo of two fluorescence readings.



19, Calibration Procadure

During preparation of standard chlorophyil solutions and during the
entire calibration procedure, work is performed under subdued 1light with
window shades drawn to prevent the breakdown of chlorophyll by strong
illumination.

A 50 ml aliquot of the pure chiorophyll a stbck solution (Sigma Chemical
Company) is equi1ibrate& to ambient temperature in a stoppered vo]uhetric
flask opaqued with aluminum foil. While this aliquot is warming to ambient
temperature, the procedure given in the "Fluorometer Calibration Worksheet
#1" is followed (26.3).

20. Determining the Chlorophyll a Concentration of the Stock Solution on
Spectrophotometer

In our work we use a dual beam Perkin Elmer #550 UV-visible spectrophotometer.
A spectrophotometer cuvette with a 5 cm light path is used.
20.2 The wavelength alignment and accuracy is checked using a deuterium lamp
which has a sharp emission line (656.1 nm) near the region of maximum
absorbance for chiorophyll. Using a 10% neutral density fi]tér absorbance
is adjusted to read 1.000A and percent transmittance to read 10.0%T.

20.3 Both Reference and Sampie spectrophotometer cu#ette are filled with 90%

acetone to determine the cuvette to cuvette "blank”.



20.4 At a wavelength setting of 663 nm, the spectrophotometer is.adjusted. to
read 100.0% transmittance in the "T" mode and 0.0gecagggﬁgggce in the "A"
mode.  Recekd The absorbances of the cuvette blanklon the worksheet.

20.5 An aliquot of pure chlorophyll a solution is placed in the "sample"
spectrophotometer cuvette and absorbances are read at several wavelengths.

The absorbances at €63 and 750 nm are used in the calculation of chiorophyll a
concentration. The absorbances at other wavelengths as well as ;ﬁ& scan of
the samplie between 400 and 800 nm wavelengths are used to determine the
presence of other chlorophyll pigments or breakdown products from the “pure”
chlorophyll a stock solution.

20.6 The wavelength yielding the highest absorbance is recorded to provide an

additional check on the wavelenqgth calibration and purity of the stock solution

of chlorophyll a.

The spectrophotometer acid ratio (usually about 1.77) is measured to
determine the purity of the aliquot used for spectrophotometric measurement
of Ca.
20.7 Calculation of Ca, the concentration of chlorophyll a (ug Chla/10 ml acetone)
is based on a specific absorption coefficient of 89.371 liter/q Cm for chioro-

phyll a (SCOR/UNESCO, 1966).



21. Determining Calibration Factors F and t

Foliowing the spectrophotometric determination of Ca (the ?oncentration
of chlorophyll a in 10 ml of stock solution) the fluorescence of the pure
\ chlorophyll a stock solution and the fluorescence of several dilutions of
£¥ the stock soiution is recorded on the "Fluorometer Calibration Worksheet #2".
Ki;<° The\fluorescence of several dilutions of the chlorophyil a standard is measured
N to