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I. INTRODUCTION 2,

This manual assembles the methods used for the more routine
chemical analyses performed by the Division at the present time.

Although most of the basicwﬁéféheférs which are considered
of importance to oceanographef§ are inclﬁded, the contents ﬁerely
. reflect the current interests of the Division, and in no way
include all the components in seawater which may be of interest.
A more comprehensive coverage is available elsewhere(1),

While intended as a work manual for use within the Division,
it is directed also to other workers who may have no easy access
.to these analytical procedures.

The techniques are all standard methods which, as a result
of extensive experience in their use, have been adOPtEd - in
some cases with a few modifications - for their reliability,
relative simplicity and convenience. R

The high salt content and the presence of other complex organic
:and inorganic materials in seawater not only preclude most fresh-
water analytical methods, but have resulted in an excessive number
,OE methods being devised in the course of attempting to ovefqpme
“such interferencés. Bésidés deécribing the more acceptable pro-
~.cedures which have been developed to date, it is hoped this manual
- may help to standardize analytical practice in australia.
. For those techniques involving the: development of a coloured
__solution, instructions are given for -the preparation of standards.
To avoid repetition, no mention is made of the construction of
calibration graphs. It is assumed that users of this-manual will
v be familiar with this standard method of calculating results.
Some terms and symbols used in the manual are defined as follows:-

ng = I g _
mm = 107° metre o '
%s = parts per thousand (g/kg)
P.P.m= parts per million
= ng/g or pg/ml
= pl/litre or mg/litre

parts per billion
ug/ﬁitre or mg/h3

g mole/litre = pg-at/litre {or pg-molecule/iitre, or pg—formﬁla/iitre)'
= pg-atom/iitre .
= g e
atomic weight/lj_'tre
C.0.D.= Chemical Oxygen Demand




absorbance = extinction
optical density

(incident light intensity )
910 transmitted light intensity

lo

"cuvette" and "absorption cell" are equivalent terms
"NH ,-N" (for instance) means "the mass of nitrogen in the ammonia

present',
The normal pH of seawater is 8.2.

Raeferance

(1) Strickland, J.D.H. and Parsons, T.R. (1968).- 4 Practical
Handbook of Seawater dnalysis. Bull. Fish. Res, Bd Can.,
_1a7.

Further references to analytical methods are given in Riley, J.P.,
and Skirrow, G. (eds), (1965), Chemical Oceanography, Volumes 1 and
2, aAcademic Press, London, especially Vol. 2. This is a basic ref-

erence on the chemistry of the sea.



2., SALINITY - INSTRUMENTAL MSTHODS ONLY

Introducticn

In this laboratory the older method involving the estimation
of chloride by titration has been replaced by instrumental tech-
niques. These instruments measure the conductivity of the water

which, at a given temperature, is a function of the chlorinity. .
Salinity = 0.03 + 1.805 x chlorinity
Method 1 - DETERMINATION IN THEZ FISLD

Reagents and Apparatus

(a) Portable salinity-temperature (S-T) meter. Model 502, manu=""
factured by auto-Lab Industries Pty Ltd, Chatswood,N.S5.V.

(b) International standard salinity phials. Obtained from the
Stanhdard Sea-water Service, Charlottenlund Slot, 2920,

. Charlottenlund, Denmark. .

{c) Glass storage bottle (20 litre capacity) for sub-standard.

(d) Filtered seawater substandard. Standardized against inter-
national standard seawater and stored under liquid paraffin.

(e) For laboratory use of this instrument, see Method 2 for extra

apparatus required.

Procedure

The instrument consists of a battery-operated unit with a 50
or 100 metre length of cable leading from the instrument to the
conductivity-measuring head.

The manual supplied with the instrument provides adequate
procedural instructions.

The temperature and salinity of the water may be read off
directly from the instrument dials.

Although primarily designed for use in estuarine field work,
such instruments have also proved useful in the laboratory when
large numbers of samples have to be analysed quickly in programmes
where the highest accuracy is not required,

Reference
(1) Lockwood, D.R. (1970).- Portable temperature-chlorinity bridge
(S-T meter) instruction manual. CSIRO Aust. Div. Fish.

Oceanogr. Rep. 47.



2. SALINITY
Method 2 - DETERMINATION IN THE LABORATORY

Reagents and Apparatus

(a) Inductively coupled salinometer, Units manufactured by both
iuto-Lab (Chatswood, Sydney) and by I.M.3. (Petersham, Sydney),
are used in this laboratory.

(b) International standard salinity phials. Obtained from the
Standard Sea-water Service, Chariottenlund Slot, 2920 Charlott-
enlund, Denmark. .

(c) Filtered seawater substandard. Standardize against international
standard seawater and store under liquid paraffin.

(d) Glass storage bottle (20 litre capacity)for sub-standard.

(e) Sample bottles. approximately 200 ml capacity. BEither standard
type salinity bottles with caps clipped down by wire, or screw-
capped bottles with plastic caps incorporating rubber (neoprene)

liners.

Procedure

In general the instructions as laid down in the manuals supplied
are adequate, but experience has shown that the error due to contamin-
ation by previous samples 1s unacceptably large unless samplgs are
very close in salinity.

Consequently a larger sample than previously is now taken -
about 200 ml. Thislgllows thorough rinsing of thé ceil, the first
rinsing being.éiiowed fo run to waste. The remainder éf the sample
is then drawn into the cell and the conductivity ratio read. This
sample is then drained back into the bottle and the cell refilled
without rémofin§ fhe sample bottle. This should be repeated until
consecutivé're;dihgs'give'a difference in ratio of less than 0.00005.

When'cdliébting samples,'fhe bottles (inéiuaing caps) should
be rinsed twice with about 50 ml of sample waterHBeEOre f£illing

with the sample for the determination.



3. DISSOLVED OXYGEN

WINKLEZR'S METHOD

Reagents and Apparatus

(a) 40% manganese sulphate solution (w/v). Dissolve 200 g of

manganese sulphate, Mnso4;4H 0, (a.R.) in distilled water

. o 500 ml. total volume. :
(b) Alkaline potassium iodide solution. Dissolve 150 g of °
potassium iodide,KI,(4.R.) in 150 ml of distilled water,
and dissolve 180 g of sodium hydroxide,NaOH,(A.R.) separately
in 200 m1 distilled water. After cooling the hydroxide
solﬁtioh, mix both solutiors and make up with distilled water

to 500 ml total volume. Store away from light,.

(e} Concentrated sulphuric acid, H,S0,, A.R. quality.

4°?
(d) 0.IN sodium thiosulphate solution. Weigh out accurately
24.82 g of A.R., sodium thiosulphate, Na2 503" 5H 0, into a

100 ml beaker, add about 50 ml of distilled water, and stir

with a glass rod until solution is complete.

Rinse out a 1000 ml volumetric flask with distilled water and
.transfer with washings the contents of the beaker to the flask
and make ‘up to the mark. .“S8hake well and store in a dark glass

container.

(e) 0.01 N sodium thiosulphe%eLsofﬁtion Carefully dilute 100 ml
of the above solutlon to 1000 ml w1th dlstllled water., Shake

well before use.

(£) 0.0IN potassium iodafe:solutioo,_ Weigh.out accurately io_§
100 ml beaker, 0.178 é of A.R. ésade KIO3' dissolve in about

50 ml of distilled water, transfer with washlngs to a 500 ml

l volumetrlc flask Make up to the mark, shake well and keep

in a dark glass contalner

(g) 1% starch solution. Weigh out 2.5 g of :soluble starch and
make a suspension in 25 ml- of distilled water. Bring to the
boil 225 ml of distilled water in a 400 ml beaker, and then,



(n) -

(i)
(3)

7.

with stirring, add the starch suspension. Continue to boil
for one minute, allow to cool, and bottle, The insoluble
residue, if any, gradually sinks to the bottom of the bottle
and the sclution should be used from the clear upper_layer.
This starch solution should be renewed after 2 days; its
stability 1is incfeased by the addition of several drops of

carbon disulphide, CS If the starch solution gives a green

X
ingtead of a blue colour with iodine, or seems to be lacking

in sensitivity, discard and prepare a fresh solution,

250 or 300 ml capacity (8 or 10 oz} reagent bottles with well-
fitting ground glass stoppers; thoroughly washed and dried.

Reagent dispensers,VO.S ml, 1.0 ml and 2.0 ml capacities,

Pipette - 10 ml capacity, and burette - 10 ml capacity.

Procedure

(a)

Collection of samples

Polythene tubing of sufficient length to reach easily to the
bottom of the reagent bottle is fitted to the tap on the
collecting bottle filled with sample. The tap is opened to
£ill the tube which is then inserted carefully.right to the
bottom of the reagent bottle, and the tap slightly opened to
allow a gentle flow of water into the reagent bottle with a
minimum disturbance of the surface. The tap can be progress-
ively opened to full flow, and the water is allowed to over-~
flow by an amount equal to half the capacity of the reagent
bottle. The tube is slowly removed with the tap still open so©
that the reagent bottle is completely filled, and the stopper

ingserted carefully so that no air is trapped.

As soon as possible afterwards 0.5 ml- of MnSO reagent followed

by 1.0 ml of NaOH - XI reagent is added to thg sample, the
stopper carefully replaced as before, and the bottle shaken
at least 20 times. When the precipitate has settled to about
Z the volume of the bottle, 2 ml of conc. H2804 is added care-
fully to ensure no loss of precipitate, and the bottle shaken

again to effect complete solution,



(b)-: Titration

(c)

. Standardize the 0.01N Nazs

203 solution by the following

procedure:

(i)~ pipette 10 ml of 0.01N KI0, into a 250 ml beaker;

(ii) add 90 ml of distilled water, washing down gquantitat-
ively the KIOj;

(iii} add 1 ml of XI - NaOH solution and stir well;

(iv) immediately before titration add slowly 2 ml of conc.
H2SO4(A.R.) with gentle stirring;

(v) titrate the liberated iodine against 0.01N Na,5,0,

to.a starch endpoint. Repeat until the titres of

successive determination agree to within 0.05 ml,

After standardization of the thiosulphate, titrate 100 ml

aliquots of the samples. Run a duplicate titration on at

least every tenth sample.

Reagent blank

When all the reagents have been prepared and only the best

quality"cheﬁicals used, it is still recommended that a test

" be performed on interfering substances ‘which they might cont-

ain. Add to 100 ml of distilled water all reagents in reverse
order in which they are employed in thé actual determination
of dissolved oxygen. That is, 2 ml sulphuric acid is added

to the water followed by 1 ml of the alkali-iodide reagent.

At this point the &solution should be distinctly acid: Then

0.5 ml of manganous sulphate is introduced. Allow to stand

for 10 minutes, add starch indicator and titrate any liberated
iodine with the thiosulphate. This is a test for oxidizing
iodate, hypoiodate in alkali-iodide reagent, ferric salts

in manganese sulphate or nitrogen oxides in sulphuric acid.

If no free iodine shows at this stage, add a drop {or more if
required) . of X1o0, solution to test for reducing sulphur dioxide
which could be contained in the sulphuric acid. The sulphuric
acid is of the required purity if the blue starch-iodine colour

shows immediately after the first drop of KIOB.



(d) Calculation of result

Dissolved oxygen = % X 5.64 ml/litre
where A =ml of 82032- requiréé to titrate 100 ml sample
s = ml of 32032' required to titrate 10 ml .O1¥ 107
References

1. Thompson, T.G. and Robinson, R.J. (1939).- Notes on the
determination of dissolved oxygen in seawater.

J. mar. Res., 2 : 1-8.

2. Jacobsen, J.P. {1950) .- A review of the determination
of dissolved oxygen in seawater by the Winkler

Method. Publs scient. ass. Oceanogr. phys., 1ll.

3. Green, E.T. and Carritt, D.E. {1967).~ New tables for
' oxygen saturation of seawater. J. mar. Res., 23,

140-7.
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4, DISSOLVED ORTHOPHOSPHATE

Method 1 - SINGLE SOLUTION MSTHOD (recommended) . - - == . . ..

Reagents and npparatus

(a)

(p)

()

()

(e)

(£)

(9)

(h)

Molybdate solutlon. Dissolve 15 g of A.R. ammonium para-

molybdate, (NH4) Mo .4H,0, preferably finely crystalline,

0
7 24
in 500 ml of distilled water. Xeep in a plastic bottle out

of direct sunlight. The solution is stable for a few weeks.

Sulphuric acid solution., 4add 140 ml AR, conc.stO4 to 900 ml

of distilled water and mix, taking the usual precautions,
Ascorbic acid solution. Dissolve 5.4 g of high quality ascorbic
acid, C H806’

ution on .the day it is to be used.

in 100, ml of distilled water. Prepare this sol-.

Potassium antimonyl tartrate solution. Disgsolve 0.34 g of high

. grade potassium antimonyl -tartrate, X5b0.C H O in 250 ml of

4°476"
water, warming if necessary. Stored in a plastic or glass bottle,

the solution is stable for many months.

Mixed reagent. Mix together 100 ml ammonium molybdate, 250 ml
sulphuric acid, 100 ml ascorbic acid, and 50 ml potassium
antimonyl tartrate solutions. Prepare shortly before use and

discard any excess. KXeep for no longer than 6 hours.

Standard phosphate solution, Disgsolve 0.439 g of desiccated
potassium dihydrogen phosphate, KH2P04(A.R.), in distilled water
and make up to 1000 ml. Add a few drops of chloroform and store
2-—P/iitre.
solution containing 1000 pg PO "-P/litre

in a dark bottle, This solution contains 100,000 pg PO

Prepare 1 litre of Poz

by diluting 10.0 ml of the above stock. The dilute solutlon

should not be kept for longer than 3 months.

Glassware. Clean thoroughly with conc. H SO4 and rinse well.

It is advisable to retain the same flasks for this determin-

ation with occasional H SO4 cleaning. Apparatus not in use

should be kept filled with 0.1% v/v H 4 in distilled water

solution,

Spectrophotometer. 10 cm cuvettes.
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Procedure

Caféfuily make up reference solutions COntaining a, 2, 5 and
7 ug Poi"—P by taking 0, 2, 5 and 7 ml of the 1000 ug Pog-—P/litre
standard solution and diluting to 100 ml with distilled water.

‘Warm all samples to a temperature between 15 and 30°C in a
thermostatically controlled water bath. and measure the absorbance
of samples to obtain a turbidity correction.

To 100 ml of each sample and to the reference solutions add
10% 0.5 ml of mixed reagent from a 25 ml measuring cylinder and mix
at once.

After 10 minutes and within 2-3 hours measure the absorbance of
the solutions in a 10 cm cuvette against distilled water at a wave-
length of 885 nm.

1. The sambles should preferably be analysed within an hour of
collection and certainly before 6 hours has elapsed., Otherwise
they must either be frozen or kept in iodine-impregnated plaétic
bottles(a). o
The sample may be frozen. by careful immersion in a mixture of
solid CO2 and alcohol and/br stored in a deep~freeze cabinet. To
impregnate plastic bottles with iodine, £ill them with a solution

containing 8% XI and 5% I and allow to stand for one week. Then

wash the bottles with disiilled water. The lodine presefvation
technique Cannot.be used if the sfannous chloride method is to be
used to determine the phosphate. l(Method 2).

2. The effect of temperéture on colour development is small, and in
many instahces there'ﬁéy'bé no need to Qarm the samples first.

3. Turbidity measurements, if consistent, need not be performed 6n
every sample.

4. An alternative to preparing a daily requirement of ascorbic acid
solution is to make up a larger quantity (27 g dissolved in 500 ml
of distilled water) and store, frozen solid in a plastic bottle.
Thaw for use and refreeze the remainder at once. With this treat-

ment the reagent is stable for several months.



5.

12.

Orthophosphate - phosphorus levels in surface waters are
frequently <:10pg/iitre, but at depths >100 m may range up to
60 pg/litre or more.

"Dissolved orthophosphate” is also variously described as "re-
active phosphorus" or "inorganic phosphate"”. It includes labile
organic phosphorus as well as the soluble phosphate ions. Since
the particulate matter in seawater is unlikely to contain these
forms of phosphorus, it matters little whether the determination
is made on unfiltered or filtered water, although for reasons of

turbidity and stability the determination on filtered water is

-becoming favoured.

The wireactive phosphorus {organic and inorganic) level in sea-

water is found by difference: it equals the total phosphorus

determination minus the dissolved orthophosphate determination.

Theré is no "salt error” in this method. A given quantity of

P .
04

water,

-P develops the same absorbance in ﬁoth-distilled and sea-

References

1. Murphy, J. and Riley, J.P. (1962).- A modified single sol-
. ution method for the determination of phosphate in

natural waters., Analytica chim. Acta, 27, 31-36.

" 9. Strickland, J.D.H. and Paréons, T.R. {1968).- 4 practical

handbook of seawater anaijsis. Bull. Fish, Res. Bd Can.,

167, Section II.2.1.

3. Heron, J. (1962),- Determination of phosphate in water after

stqrage in pblyethylene. Limnol. Oceanogr. 7, 316-321.
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‘4. DISSOLVED ORTHOPHOSPHATE

Method 2 - STANNOUS CHLORIDE REDUCTION '

Reagents and Apparatus

(a)

(p)

(c)

()

Molybdate solution (10% w/v). Dissolve:25 g A.R. ammonium
pabamoledate,—(NH4)6M07024.4H20, in distilled water and make
up to 250-ml. 'Store in a‘plastic bottle out of direct sun-

iight, Stable for several days.

sulphuric acid {50% v/v).. Add 500 ml A.R. H, S0 (arsenic

4 ¢
free) to 500 ml of distilled water with stlrrlng and coollng.

e

Molybdate reagent. Add, with stirring, 100 ml of 10% ammonium

*molybdafe solution to 300 ml of the 50% H2 and -store in the.

4

"dark. Nof more than 400 ml of this solution should be made at

a time as it'is unstable over a long period of time,

Concentrated stannous chloride solution (40% w/v). Dissolve
40 g A.R. SnC1,.28,0 in A.R. HCl to’a total volume of 100 ml.

Keep under liquid paraffin in a buretté assembly. Only clear

... golution should be used.

(£)

Dilute‘stannbus chloride solution (1% w/¥). Deliver 0.25 ml-

of the c0nc SnCl solutlon frOm the burette ihto a 10 ml

'measurlng cyllnder and dllute to 10 ml with dlstllled water.

Transfer to a stoppered bottle. This solution is unstable;

do not keep for more than half a day.

_Standard ph05phate solutlon Dissolﬁe'0.439'g of desiccated

potassium dlhydrOQen phosphate, KH (A R.), in distilled
water and make up to 1000 ml. Add a few drops of:chlorofbrm

and store in a dark bottle. This solution contains 100,000 ug

2_-P/iitre Prepare a standard P03 solutlon contalnlng

4

1000 rg PO -P/iltre by diluting 120 ml of the above stock tO

1 11tre The dilute solutlon Should not be kept 10nger than

3 monthé.



14,

(g) Burette assembly comprising a 1 ml capacity, 2-way tap, burette,
and a bulb bellows mounted in the stopper of a dark glass bottle.
When air is forced into the bottle above the liquid paraffin,:.

SnCl2 solution is displaced up into the burette.

(n) Sjyringe assemblies: 20 ml capacity for molybdate reagent, 2 ml
- capacity for dilute SnClQ. Mount. with barrel in the horizontal
position. A screw mechanism moves the piston forward when

dispensing solutions. See note 2.
(i) Spectrophotometer. 4 cm cuvettes.

Procedure

Carefully make up reference solutions containing 0,2,5 and 7
g P03"—~P by taking 0,2;5 and 7 ml of the 1000 ug Poid- P/iitre
standard solution and diluting to 100 ml with distilled water. To
each add 1 ml of molybdate reagent from the syringe dispenser,
shaking well after each addition. after 2 minutes {(to allow the
phosphomolybdate complex formation) add 0.1 ml of the 1% snCl,

solution and shake again.

Allow to stand - further shaking may flocculate the colleidal
colour_complex, Not less than 4 or more than 10 minutes later read
the absorbance in 4 cm cuvettes at 700 nm. Cémpare all solutions
against distilled water. If the cuvettes are not 6ptically matched

make a cell correction.

After obtaining acceptable readings for blank and standards
and making sure that samples are not turbid, proceed with the
addition of reagents {o 100 ml aliéuots of samples. These should
be at. the same temperature as the reference solutions.

‘ Samples showing signs of poliution by bottom sediment or debris,
or otherwise discoloured, should be filtered or decanted before
processing. To measure the turbidity, add moijbdate reagent to
100 ml of fi;téred sample in a conical flask, Shake well and read
the absorbance (= "turbidity") against distilled water. Return
the contents of the cells to the conical flask, add the SnCl,
reagent and repeat the reading with the blue colour developed

(="turbidity + phosphate").



15.

Notes

1.

Orthophosphate - phasphorug levels, especially in surface
waters, are frequently <:10pg/1itre, but at depths greater
than 100 m may range up to 60 pg/iitre‘or more, '

The phogphate reagent dispensers used in this laboratory are:

one all-glass 20 ml "Summit” side-tip syringe and one é ml

"3va" brand syringe, together with a revolution-counting device
on each, all horizontally mounted in ring-clamps on a stainless
steel base. Before use, alr bubbles must be expelled from the
barrel or delivery tip by tipping the syringes upside down.

Then clamp the syringes in position and set the counter t¢ zerc.
The volume of resagent is not read from the horizontally. positioned
syringe-barrel, but counted off in the number of turns made by
the knob driving the syringe piston. One revolution of the screw
on the end of each syringe delivers 1.0 ml and 0.1 ml of reagent

respectively. (However 25 ml and 1 ml burettes may be used.)

The samples should preferably be analysed within an hour of

collection, and certainly before 6 hours., See Method 1, Note 1.

-~

It is convenient to treat samples in batches of 3 to 6 at a time -
adding reagents, allowing the colour to develop and reading the
abgsorbance values - unless the room (and sample) temperature is
greater than 25°C. At higher temperatures the colour develops
(and then fades) faster, and the absorbance must be measured

not less than 3 and not more than 9 minutes after addition of

the stannous chloride, In this case samples should be treated

singly or, at most, 3 at a time.

Repeat the calibration procedure daily in the laboratory, and,
when at sea, at each station. Draw a calibration graph by
3=_P concentration,

4
any big variation in the slope or linearity of the calibration

plotting colour units as a function of PO

line generally denotes faulty chemicals, incorrect preparation
of reagents, or a deterioration of the primary standard. Tem-—

perature also affects the slope of the calibration line.



See Note 6 appended to Dissolved Orthophosphate - Method 1.

Salt error. The colour developed in sesawater is less than

that developed in distilled water for the same amount of

Poz-—P. It has been found that results obtained by this
method on seawater should be multiplied by 1.15 to give the

true phosphate concentration.
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5. TOTAL PHOSPHORUS

Method 1 - PERSULPHATE OXIDATION

Reagent and apparatus

(a) Potassium persulphate, X AR, quality.

2%2%
(b) apparatus as in Section 4, Method 1 or 2.

Procedure

Measure 100 ml of each sample,.filtered or unfiltered as
required, into clean, conical flasks, previously rineed with
distilled water. |

aAdd 1 g (or sufficient to effect satlsfactory oxldatlon) of
solid K28208 to each flask. Cover with a watchglass or 1nverted
small béaker and elther leat in a b0111ng water bath for an exact
period of time ~ 1 hour is' usually sufficient - or place in an
autoclave at 125°C for 30 minutes.

Cool, and replace evaporation losses by carefully topplng up
with' distilled water to 100 ml, -

enalyse for dlssolved orthophosphate as in Sectlon 4 Method 1
or 2,

Blank test on reagent

- The oxidation procedure should be carried through with a new
batch’ of X,5,0g using distilled water, and then followed by the ‘i"
pPhosphate analysls.

1. The concentration of tofai phosphorus ih seawater may reeeh 552
" high as 70-75 pg per litre, but it is usually much 1ess “than -

this in the surface zone (0—100 m)

2. As opposed to losses whlle heatlng on a water bath, the water‘.

vapour losses durlng autoclav1ng may be negllglble, although

this p01nt should be checked by individual workers for thelr

own conditions,

Reference

1. Menzel,D.W. and Corwin, N. {1965).- The measurement of

total phosphorus in seawater based on the liberation
of organically bound fractions by persulphate oxid-

ation. Limnol. Oceanogr. 10, 280-1,
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5. TOTAL PHOSPHORUS

Method 2 - PERCHLORIC ACID DIGESTION
Reagents and Apparatus

(a) 70-72% a&.R. perchloric acid, HC10

(b) Aammonia solution. Dilute 60 ml o? concentrated ammonia to
1l litre with distilled water.

{¢} Sand trays. '

(d) apparatus as in Section 4, Method 1 or 2.

Procedure

Deliver 100 ml aliquots of the well-shaken samples, into
150 ml conical flasks which have been rinsed with distilled water.
Add 6 drops (0.3 ml) of HClO4 to each and transfer to a high temper-
ature sand tray (200°C). Digest down without vigorous boiling
until crystallization has commenced. Then transfer to a low temper-
ature sand tray (110°C) and digest without spattering to dryness.

after cooling, aad 100 ml of distilled water followed by 1
drop of phenolphthalein indicator. If the solution is alkaline,
bring back to the acid condition with the dropwisg addition of HQ104.
Cover the flasks with watch glasses and allow to stand overnight or
until the selution of salts is complete; this can be hastened by
gentle swirling of the flasks,

Neutralize the samples with ammonia. Then analyse for dis-_
solved orthophosphate as in Section 4, Method 1 or 2. |

Blank tests on reagents

Whenever a new batch of perchloric acid or ammonia is to be
used, deliver 0.3 ml of the acid into 100 ml of distilled water in
one of the digéstion flasks, evaporafe to dryness, refill with
100 ml of distilled watef and neutralize with ammonia. Then treat

as for the other samples.
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6. REACTIVE SILICATE

Mesthod 1 - FORMATION OF REIDUCED BETa SILICO-MOLYBDATE

Reagents and Apparatus

(a)

(b)

(e)

(a)

(e)

Water free of gilica., Collect from a glass or quartz still
which has been in use for some ysars. alternatively, use
distilled water passed through an anion-exchange resin column,
Store in high density (HD) polythene containers.

Standard silicate solution., Weigh 0.960 g of sodium silico-
fluoride, Na,S8iF , (Fisher Certified Reagent Cat. Ho. §5-410)
in a nickel crucible or plastic beaker, Crush any lumps and
dissolve in 100-200 ml of water free of silica by stirring
with a nickel spatula. ﬁsing water free of silica, transfer
the solution and beaker washings to a 1000 ml volumetric
flask and make up to the mark. Mix well and transfer quickly
to high density polythene bottles. . The solution picks up
silica rapidly from glass and should not be kept in the Fflask
for more than a few minutes, The solution is stable indefin-
itely in H.D. polythene bottles.

1 ml contains 5 p mole of Si (140 pg Si).

Molybdate solution. Place 4.0 g of 4,R, ammonium paramolyb-
date, (NH4) Mo7024 4H,0, in a 1 litre plastic beaker and use
about 300 ml of water free of silica to dissolve the salt.
Add 12.0 ml of concentrated hydrochloric acid, mix and make
the volume up to 500 ml with water free of silica.
Metol-sulphite solution. Dissolve & g of A.R. sodium sulphlte,
Na, SO in 500 ml of water free of silica and then add 10 g

2773

of "metol" (p-methylaminophenol sulphate, CH ,NHC H ,0H.H,50 ).

When the metol has dlssolved filter the solution through

fllter paper. Store in a c¢lean glass bottle and stopper

tlghtly. This solutlon keeps for no more than one month,

Saturated oxalic acid sclution. Shake 50 g of A.R. oxalic

acid crystals, (coou)z.zﬁ 0, with 500 ml of water free of

2
silica. Decant the supernatant solution for use. The solut-

ion may be stored inm a glass bottle and is stable indefinitely.
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(£) Sulphuric acid solution, 50% v/v. Carefully pour 250 ml of
A.R. concentrated sulphuric acid H2804 into about 250 ml of
water free of silica. Cool and make the volume up to 500 ml- -
with a little more water. R

(g) Reducing reagent. Mix 100 ml of metol-sulphite solution with
60 ml of saturated oxalic acid solution. 4Add slowly with
mixing, 60 ml of S50% sulphuric acid solution and make the
final volume of the mixture up to 300 ml with water free of
silica. This reagent should be prepared immediately before
use, .

(h) Artificial seawater. Dissolve 25 g of NaCl A.R. and 8 g of
magnesium sulphate, MgSO4.7H20, A.R. in 1 litre of water free
of silica. This solution is also best prepared shortly before
use, If kept for any time, it must be stored in a polythene
container.

(i) Set of plastic containers. One is required for each silicate
determination. H.D. polythene bottles of at least 2 oz (60 ml)
capacity are suitable.

(3) Plastic beakers.

(X} Pipettes. Ome of 25 ml capacity for measuring out seawater
sampleé; Others (e.g. 1, 2, 5, 10, 20 ml) for preparing stan-
dard solutions.

(1) Automatic dispensers {optional). .10 ml capacity for dispens-
ing molybdate solution; 15 ml capacity Ffor the reducing agent.

(m) Spectrophotometer. 1 cm, 4 cm and 10 c¢m cuvettes.

Procedure

Sample solutions should be at a temperature between about 18°
and 25°C.

Add 10 ml of molybdate solution to a clean, dry (or drained)
polythene'bdttle. 4dd 25 ml of the seawater sample, mix by swirl-
ing, and allow the mixture to stand for lo.mins (but for no more
than 30 mins).’

add 15 ml of the reducing reagent rapidly and mix immediately.

Allow the solution to stand for 2 to 3 hours then read the

absorbance at 810 nm. For concentrations of 0-20 p mole si/litre
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use 4 or 10 cm length cells, and for higher values use 1 cm cells.
The colour is stable for 6 hours.
Standards |
A secondary standard is prepared by diluting 4 ml of the 7

standard silicate solution to 200 ml with artificial seawater.

1 ml contains 0.10 ﬁ mole of Si. (2,8 pg 5i).

Standard solutions corresponding to the sample vélues expected
are preparéd by diluting .5, 10; 25, 50, 75, and 100 ml aliquots
of this secondary standard to 100 ml with artificial seawater (see
Note 2). '

For 125, 150, 200 p mole/ﬁ standards dilute original standard
to 100 ml with artificial seawater,

Take 25 ml volumes 0of these standards and treat as under
"Procedure". )

These standards should be prepared and treated quickly as the
reactive silicate content decreases in a few hours due to polymer-
ization, '

Blank determinations shculd be done on distilled water free
of silica for unknowns, and on artificial seawater for standards.
Notes
1. "Reactive silicate" comprises ionized silicate, molecularly

dispersed silicon dioxide. SiOg, and the less highly polymer-
ized part of the colloidal material. It can be utilized by
diatoms.

2. Levels of reactive silicate in the sea range from 0-200 pug
$i/litre in surface waters up to 6000 pg Si/litre in some
deep ocean waters,

3. Samples may be analysed immediately or preserved with mercuric
chloride, HgCl2, as for nitrates (see Section 7, Methqd'E) and
analysed later. In the latter case 0.5 ml of 5% w/v HgCl2
should also be added to the distilled water blanks. Alternat-
ively samples frozen at -20°C keep for many months without
change in silicate concentration provided the latter is less
than about 50 y mole/litre.

4, Samples of seawater for silicate analysis should not be stored
in glass bottles prior to analysis. Waxed glass or polythene
containers are suitable. Unpreserved samples may be kept for a

day before analysis provided they are kept cool and in darkness.



22.

5. -This m&éthod for the determination &f reactive silicate as
described is considered (see Réference 2) to give more

reliable results than that given under Metheod 2.
References _
1. Strickland, J.D.H. and Parsons, T.R. (1968).~ 4 practical
handbook of seawater analysis. Bull. Fish. Res. Bd
" Can., 167, Sec¢tion II.-5. '
2. Liss, P.S. and Spencer, C.P. {1969).- An investigatién of
| some methods used for the determination of silicate

in sea water. J, mar. Biol. assoc. U.K. 49: 589-610,
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6. RIACTIVZ SILICATE

Method 2 - FORMATION OF REDUCED ALPHa SILICO-MOLYBDaTE

Reagents and apparatus

(a)

(b)

(d)

Water free of silica. Collect from a glass.or quartz still
which has bzen in use for some years. alternatively use
distilled water passed through an anieon-exchange resin column.

Store in H.D. polythene containers,

Standard silicate solution. Weigh 0.950 g of sodium silico-
fluoride, Na,Sif . (Fisher Certified Reagent Cat. No. 3—41_‘0_‘)7 in
a nickel crucible or plastic beaker, Crush any lumps and dis-
solve in 100-200 ml water free of silica by stirring with a
nlckel spatula. Using water free of slllca, transfer the
solutlon and beaker washings to a 1000 ml .volumetric flask,
and méké up to the mark. Mix well and transfer guickly to
H.,D. polythene botties. The solution picks up silica rapidly
from glass and should not be kept in the flask for more than

a few minutes. The solution-ié stable indefinitely in H.D.

polythene bottles. 1 ml contains 5 p mole $i or 140 ug Si.

Monochloracetic acid solution. Dissolve 100 g of pure acid,
CHzclcOOH, in water free of gsilica and make up to 1 litre,
Store in polythene bottles., Stable.

Molybdate solution. Dissolve 120 g of a.R. sodium molybdate

dihydrate, Na MoQ.2H,0, in 1 litre of water free of silica.’

"This solution may need to be filtered after a few days. ‘The

" solution is stable 1nde£1n1te1y in H.D. polythene bottles.

Reducing reagent. 20 g p—methylaminophenol_sulphate,A

cH NhC6H4OH H2804, (metol) , 12 g sodium sulphite heptahydrate,

N32503.7H20, and 10 g sodium oxalate, Na20204, dissolved in
1l litre of water free of silica. although it }s:claimed that
this reagent is stable for one month, it is best prepared

immediately prior to use.
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(£) Artificial seawater. 25 g NaCl and 8 g MgsO .7H20 dissolved

4
in 1 litre of water free of silica. This solution is also
best prepared shortly before use. If kept for any time it

must be stored in a polythene container.

(g) High density polythene bottles.

(h) Plastic beakers.

(i) Plastic measuring cylinders.

(j) Pipettes : 1 ml, 2 ml, 5ml, 10 ml, 20 ml.
(x) Automatic dispensers: 1 ml, 5 ml.

(1) Spectrophotometer. 1 cm and 4 cm cuvettes,

Procedure

Dispense 50 ml aliquots of each sample into 100 ml polythene
bottles to which 1 ml of CH201 COOH solution hés been added. Aadd
1 ml of molybdate solution., Shake the mixture and allow to stand
for at least 1 hour. This allows time for the formation of the
alpha silico-molybdic acid. If desired the samples may stand for
up to 6 hours. ' |

Now add 5 ml of reducing agent, shéke the sample, and allow
to stand for at least 12 hours. '

Read the absorbance of the samples using a Spekker absorptio-
meter with red filter €60B or a spectrophotometer at 640 nm. For
concentrations 0-50 p mole/litre use 4 cm length cells, and for
higher values use 1 cm cells. The colour is stable for up to &0
hours.

Standards ‘

A secondary standard is prepared by diluting 4 ml of the stock
silica standard solution to 200 ml with artificial seawater. 1 ml
contains 0.10 u mole of Si. '

Standard solutions corresponding to O, 1, 2, 5, 10, 20, and 50
p mole/l are prepared by diluting this secondary standarq with
artificial seawater {see Note 2 and Method 1). Prepare standards

of higher concentration, if required, by diluting original standard.
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Thege standards should be prepared ana treated quickly as
the reactive silicate content decreases in a few hours &ue to -~
polymerization. _

Blank determinations should be done on distilled water free

of silica for unknowns, and on artificial seawater for standards.

Hotes

1. "Reactive silicate" comprises ionized silicate, molecularly
dispersed silicon dioxide, SiOe, and the less highly polymer-
ized part of the colloidal material. It can be utilized-by
diatoms.

2, Levels of reactive silicate in the sea range from 0-200 g
Si/ﬁitre in surface waters up teo 6000 pg Si/litre in some
deep ocean waters.

3. Samples may be analysed immediately or preserved with mercuric
chloride, HgCla, as for nitrates and analysed later., In the
latter case, 0.5 ml of 5% w/v HgCl2 should be added to the
distilled water blanks,

Referance
1. Grasshof, X. (1964).~ On the determination of silica in

sea water. Deep-Sea Res., 1l; 597-604,
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7. NITRATE

Method 1 - CaDMIUM REDUCTION

Reagents and Apparatus

(a)

(b)

(<)
(a)

(£)

(g)

(h)

Coarse cadmium powder (Merck's cat. no. 2001). Sieve
through a No. 25 sieve (B;S. opening 0.0235") and use the

coarse fraction.

.Copper sulphate .solution. Prepare an approx. 2-5% solution .

in distilled water. . .

Hydrochloric acid solution (10% v/v).

Concentrated ammonium chloride (35% w/v)} solution,.Dissolve
175 g of A.R, NH4Cl in 500 ml of distilled water and filter
it into. a plastic or glass storage bottle.

Dilute ammonium chloride (0.85% w/v) solution. Dilute 50 ml

of the concentrated golution to2 litres with distilled water.
Standard nitrate solution. -Veigh out 0.202 g of 4.,R. potass-
ium nhitrate, KNO3, and make up to 1 litre with distilled water,
This stock solution is quite gtable, Shortly before use, take

10 ml of this stock, add 50 ml of conc. NH,Cl solution and

dilute with distilled water to 2 litres. ;his working sol-
ution contains 10 u mole/@itre,of_ﬁitratg in 0.85% NH4CI sol-
ution.

Standard nitrite solution. 'Make up 2 litres containing 138 mg

AR, sodium nitrite, NalNO in distilled water. With a few

21
drops of chloroform it will keep for several weeks in a dark
bottle., On the day it is to be used, take 5 ml of the stock

solution, add 12.5 ml of conc., NH,Cl solution and dilute to

500 ml. This standard contains lg n mole/ﬁitre of nitrite in

0.85% NH401 solution,

Sulphanilamide solution. Preparz a 1% w/v solution of sulph-

anilamide, C6H4(NH2)802NH2, in 10% HC1 solution. This reagent
is stable,

N{-1-naphthyl) ethylenediaminodihydrochloride, 012H14N2.2HCI,

solution. Make up a 0.1% w/v solution with distilled water

and store in a dark bottle. It is stable for up to a month.
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(i) Glass wool.

(X) Wash bottle.

(1} Automatic pipettes (optiomal). For dispensing the colour-
developing reagents. .

(m) Glass columns and supports (rack or clamps) .
Onz convenient de51gn of a prepared column is shown in Fig. 1.

(n) Spectrophotometer. 1 cm cuvettes.

Procedure

(a) Preparation of Column

'il to 12 ml of the coarse cadmium powder is needed for one
column. This volume, or a mﬁltiple of it depending on how many
columns are required, (4 or 5 are a convenient number to handle at
one time), is placed into a 150 ml con1Cal flask and covered with

BCnmllofldlstllled water.

add 30 ml of 10% H01 solution to the flask, and shake gently
for about 2 minutes. The cadmium powder turns from dark grey to a
bright metallic appearance. FPour the acid off, and rinse the acid-
treated cadmium powder with distilled water several times, then

leave covered with distilled water.

In a flask prepare a 2-5% solution of copper sulphate {50 ml
is sufficient for prepariﬁg 4 columns), pour this on to the acicd-
treated cadmium, and shake gently. The metallic appearance of the
powder turns to dull black. after 2 minutes pour the liguid off
and wash the copperized cadmium powder with.distilled water, avoid-
ing exposing it to the air. With the first 2 or 3 washings quite
a lot of fine black copper powder comes off the prepared cadmium,
turning the supernatant quite black. Very gﬁﬁF}g_ﬁﬁékiﬁerﬁile

washing ‘will produce a clear supernatant after 5 or 6 rinses.

If cadmlum powder is needed for ‘Tmore than one column, trans-
fer the treated material with the help of a wash bottle into lots
of 11 ml 1n 25 ml graduated cyllnders, lettlng the washing water
overflow over the cyllnders, try noet to expose the prepared cadmium

to the air.
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Set up the columns on a rack or in retort stands. ¥With a
glass rod, pusk a loose plug of glass wool to the bottom of cach
column, then £ill with distilled water, Make sure there are no
air bubbleg trapped. With a Jet of watar from a wash bottle
transfer the copper- cadmlum mixture from the cyllnders.‘ As thls
is done, tap the outside of the columns to settle the powder
firﬁly.. Cover the powder with glass wool.

4t no time should the copﬁerized cadmium ﬁowder be axposed
to the air.

The newly-packed columnh has to be condltloned by flushlng

through with half a litre of dllute NH c1 (O. 85A) solutlon followed

by a further half 11tre of standard nlirate solutlon. Collect 20 ml
of the reduced nitrate solutlon near the end of thls procedure. The
column must than be checked. for over-reduction u51ng the standard
nitrite solution. Put about 75 ml of the latter through the column,
collecting a 20 ml sample as described under'"Analyticai Procedure”.
Develap the colour. Over-reduction is indicated if the absorbance
-Qa;uea obtained for the two 20 ml samples are different, Correct
bjwpasaiﬁg throﬁgh more dilute'NH4Cl solution and standard nitrate.
solution. Flrther checks for satisfactory reduction depend ‘on the =~
fraquency of column use.

A 10 p molar standard solution of nitrate should, on a good
instrument, give a nett absorbance { standard minus blank) of about
0.490 for a 1 cm cell. Significantly lower values ara aﬂ indiqation
of over-reduction taking place, or of an inefficient column.

Freshly.prepared. columns do not give steady results until one
or two days after packing. ‘ _

Between runs keep columns covered with dilute NH401 solution.

{(b) Analytical Procedure
Add 2.5 ml of conc. NH

401 (35%) to a 100 ml. volumetric flask
and make up to the mark w1thﬂsampl¢. Mix. Displace the previous

dilute NH,C1 or sample solution left in the column with two or three
lots of 25 ml rinses and discard the effluent. Then pass through the
f£inal 25 ml of the sample and collect 20 ml in a 25 ml graduated

cylinder. Transfer into a 50 ml test tube.
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Within 2 hours, add 0. 5 ml of 1A sulphanllamldb in lOA HCl
to each and mlx.‘ Wot befors’ 2 mlnutes or after 8, add to each
tube 0.5 ml of O;lé N-1—naphthy1 ethylene-dlamlnohydrochlorlde
and mix. A ' o , - o

allovw to stand for 15 minutes, then read the absorbance at
543 nm using 1 cm cells. The colour is stable for at least

2 hours.

(c) VStandards _ ' _

Standard solutions_gpntaining say, 1, 5 and 10 p mole'Noaﬂ/iitre,
(equivalent to 14, 70 and 140 pg NO3-~N/iit?e), may be prepared by
diluting'the 10 p molar n}trate_standard with dilute NH4CI solution.
The. absorbance values: for the standards of different columns should
be within 2% of each other. |
1. Concentrations of n}frite and nitrate in seawater generally

lie in the range:-

Noz‘: 0.1 to 50 pg N0, - N/litre; - .

N0, 1 to 500 pg NO,

both increasing with depth., Commonly, nitrate is present at

T - N/litre;

levels 10 times greater than nitrite.

2. The method descrlbed above is sultable for nltrate (and also
n1tr1te) determlnatlons on fresh or frozen samples. 4halysis
of freshly collected water should not be delayed, but the
samples are stable for up to 12 hours if they are kept Cold and
in the dark,

3. The purpose of the HCl treatment is to clean and to increasa
the surface area. of .the cadmium powder.

4. Mercurlc chloride, HgCl 1nterferes with the copper coated

’

Cadmlum column and therzfore precludes the uss of this method

on preserved samples. ' -

5. The column reduces about 5% of the nitrite, and more if the
column is somewhat deactivated. Correction for this is not
needed if the column is calibrated by passing fhrough a standard

nitrate solution.
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6. Column design ig flexible, The one described here has a
satisfactory. throughput, (about 10 ml per minute), and the
syphon arrangement minimizes accidental exposure of the.
copper-cadmium to air and aveids the operator having to
manipulate taps.

7. Columns need not be washed with blank sclution between
counsecutive samples of a batch.

8. Slight differences in flow rate do not affect the reducing
properties of a column. However when using more than one
column it is importaﬁt to maintain comparable flow rates for
convenient working. Having the same volume of copper-cadmium
powder in each tube helps to minimize such variations in f£low.

$." When the flow'rate drops off significantly, columns requife
reconditioning. During use, the coppér-cadmium pérticles
become finer, £ill more voids, and restrict the passage of

"solution as also does clogging by debris in the water.
Phosphates and arsenates at the relatively high levels used
in some media also react and clog the system. Sieve out the
undersized fraction and treat with HCl again, etc.

10. If nitrate levels are over 220 pg N/litre, diluted samples
should be used, othefwise the reducing capacity of the column
is over-taxed. The absorbance reading for higher concentrations

 may reach the upper, more crowded part of the scale, and also

the azo dye may Pprecipitate,.
References -

1. Morris, 4.¥. and Riley, J.P, (1963) .~ The determination of

nitrate in sea-water. analytica Chin. Acté, 29, 272-9.
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7. NITRATE

Method .2 - STRYCHNIDINE METHOD .

Reagents and Apparatus

(a)

(e)

(@)

Strychunidine reagent, Dissolve 0. 640 § strychnidine (Gallérd

‘Schiésinger Corp. N.Y. ) in 1 lltre of nitrate-free conc, H,S0

2%74"

" This solution should be only a pale pink or straw colour and

should be kept for at least 2 weeks before use.
Nitrate-free H2SO4 ' Prepare by taklng 500 ml AR, H2304
(arsenic free) in a 1 litre Erlenmeyer flask, adding 1 g AR,

2

(NH )2804, and heating to 250°C until copious fumes of S0 are'
evolved, S
art1f1c1a1 seéWafe?} Dlssolve 70 g A R, NaCl 1n dlstllled

water, add 20 ml of 5% w/v HgCl2 solutlon, and make up to 2000 ml.
Mercuric chlor;de solution, D15301Ve 5 g AL.R, HgCl in 100 ml_

3% cold distilled %ater. Store in a plastlc bottle. N ' -
50% v/v H,80, in artificial seawater, Carefully m1x equal

4
volumes of art1£1c1a1 seawater and conc. sulphur1c ac1d

' observ1ng the normal - precautlons of adequate coollng and ventll-

at1on. "As this solutlon is used for dllutmon only, 1mmed1ate1y

prior  to reading, oné may use 4.R, R, SO (arsenlc free) 1nstead

" of nltrate-free H2SD4 e

(£} Standard nitrate stock solution, Dissolve 0.607 g A.R. NaNO
(or 0.7214 g A.R, KNO ) in distilled water, Add 1 ml of 5%
HgC}zlsplutlon and adJust to 1 litre in a volumetric flask.:
This solution contains 100,000 pg_of‘Nogﬁ N/litre.

(g) Dilute standard solution. Using artificial seawater dilute
the stock solution to contain 2000 pg of NOS -N/litre.

(h) Erlenmeyer flasks.

(1) . PVC compartmented box,

(3)’“50 ml polythene bottles,

(k) Spectrophotometer. 5.mm cuvettes,

Procedure

Dispense 5 ml samples into 30 'ml Erlenme}er‘flasks; Chill to

approximately 5°C in a ¢old room or refrigerator. Samples are usually
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dispensed in the morning and stored in the cold room until late
afternoon, '

After cooling, add 5 ml of strycknidine reagent slowly down
the side of the flask to ensure that minimal mixing ( and there~
fore minimal heating) occurs. _

Allow samples to stand overnight (18-24 hrs) without shaking.
Diffusion ensures slow mixing and uniform colour development. Samples
should be contained in a polythene or FVC compartmented box with a
neatly fitting 1id to exclude light and air.

Read the abéorbance in a spectrophotometer af 530 nm using
> mm cells,

Standards and Blank

Use 5 ml of artificial seawater to determine the reagent blank,
Using artificial seawater make up standards corresponding to
the expected sample concentrations, For shallow waters use 20, 40,
60, 80, 100 and 200 g No;
make up 100, 200, 300, 400 and 500 ug NOS _
Digpense, in triplicate, 5 ml aliquots of the set of standards

+N/litre standards, For deeper waters

-N/litre standards,

appropriate to the collected samples and treat as under "Procedure",
Standards and samples having an absorbance of more than 1,0 unit
on the spectrophotometer scale should be diluted to %, 1/3, % or 1/5

strength using 50% v/v H_S0 in artificial seawater just prior to

2 4
re-reading.

Construct a graph of standard absorbance versus concentration
and read off the nitrate concentration of samples from this. (The
reaction does not always follow Beer's Law; generally the graph
comprises two definite straight lines with an inflexion at about
100 pg No; - N/litre).

Notes

1. Samples should be kept in 50 ml high-density polythene bottles
which have been first rinsed with the sample water, add 0.5 ml
of 5% H9012 solution to each sample. Samples so preserved show

no change in NO3 concentration over several months.

2. The strychnidine method tends to be more inconvenient than Method 1,

but may be used on fresh or frozen samples as well as on preserved

ones,
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8. AMMONIA

Reagents and Apparatus

(a) Phenol-alcohol solution. Dissolve 10 g of reagent grade

phenol, C.H OH, in 100 ml of 95% v/v ethyl alcohol, C,H OH.

(b) Sodium nitroprusside solution {.5% w/v). Dissolve 1 g of
sodium nitroprusside, Na2Fe(CN)5NO.2H20, in 200 ml of water.
Store in an amber bottle, The solution keeps for no meore
than a month.

(¢) Alkaline citrate solution. Dissolve 100 g of A.R. trisodium

4OH(COONa)3.2H2

hydroxide, NaOH, in 500 ml of distilled water,

citrate, C3H 0, A.R. and 5 g of A.R, sodium

(d) Sodium hypochlorite solution. Use a solution of commercial
hypochlorite, NaOCl. (12.5% available chlorine.) Store in a
cool place; even so it decomposes to about half strength in 3
yéars.cnd stock may be discarded or its strength checked by
thiosulphate titration. It should be at least 1.5 N (5.3%
available chlorine).

(e) Oxidizing solution. Mix 4 volumes of alkaline citrate sol-
ution and 1 volume of hypochlorite, This mixture is unstable
and should be used the same day.

(£) Standard ammonia solution., Dissolve 45.8 mg of ammonium chloride,
NH,C1, (best grade available} in distilled water and make up ta
1 litre in a volumetric flask. A ten times dilution of this
stock gives a working solution containing 1.2 pug of ammonia
nitrogen per ml. It is quite stable.

(g) Reagent bottles or stoppered flasks, 100-150 ml capacity.

(h) Dilute HCl solution (about 10% v/v) for washing of glassware.

(i) Spectrophotometer, 10 cm cuvettes.

Procedure

Using a graduated cylinder measure 50 mi of each sample into
100 ml reagent bottles or stoppered flasks. Also take 3 additional
S0 ml aliquots from one of the samples to prepare standards - prefer-
ably from water collected from a zone of minimal biclogical activity

(80 metres or deeper).
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Spike the standard aliquots with the standard ammonia solution;
0.25ml, 0.50 ml and 1,00 m1 (= 6, 12 and 24 ug NH3

Add 2 ml of phenol alcohol solutioh, 2 ml of sodium nitroprusside

-N per litre).

solution and 5 ml of oxidizing solution in succession to each 50 ml
of sample or sténdard. mixing thoroughly after each addition.

Allow the blue colour of indophenol to develop at‘room'temper-
ature, 22-27°C, for at least 1 hour., Since samples drawn from differ—
ent depths may have markedly different initial temperatures, it may
be preferable to use a water bath, especially for short developing
times. The blue colour is stable for at least 18 hours.

Read the absorbance at 640 nm in a 10 cm cuvette, with distilled
water in the reference cell,

The absorbance due to the turbidity of each seawater sample -
should be measured first on duplicate 50 ml samples without reagents.
Treat 50 ml of de-ionized distilled water with the colour-developing
reagents to get a reagent blank absorbance. Thls value, together
with the respectlve turbidity absorbance, should bz subtracted from
the final absorbance of each‘sample or ‘standard with the colour

developed,

Notes
1. The concentration range of ammonia in seawater is hormdliy about
0.1 to 2 p mole per litre (1 p mole = 1 pg-atom = 14 g NH3-N/iitre).

2. Analysis should begin within 2 hours of coilecting the samples._
Since filtering usually introduces contamination, unfiltered
samples must be used, and hence turbidity blanks must be Tun,

as described above,

3. All glassware used must be cleaned by washing initially with warm
dilute hydrochloric acid. Alternatively the HCl may be left stand-
ing in the glassware between sets of determinations. Rinse thor-
oughly with distilled water and then with the sample seawater.

Allow to drain; do not dry. The HC1 may be used repeatedly.

4. Care must be taken at all times to avoid extraneous contamination
by NH_,
y 3 )
(a) Distilled water used for washing and for making up reagents

should be freshly removed from a cation exchange resin column.
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(b) Materials containing NH, should be kept and used elsewhere.

Thls includes floor and3bench cleanlng agents.

(c) Samples should be handled in stoppered bottles or flasks
and not.be unnecessarily exposed to the atmosphere or to
rubber |

(d). No smoking should be allowed in the laboratory.

5. The reagent blank absorbance should be about 0.060 in a 10 cm-
cuvette. The yellow colouration -in the blank does not absorb - =
at 640 nm. This 0,060 absorbance corresponds to about 0.45'p mole
'NHB-N/iitre. Samples of zero ammonia content often occur and may
be used as a check of the reagent blank,i.e, if the latter is
higher than the lowest sample absorbance the distilled water supply

is probably contaminated.

6. Sensitivity varies from day to day. The extreme range encountered

by us has been 0. 698 to 0.140 absorbance for 1 p mole NH -N/iltre.

7. Turbidity absorbance values range from 0.001 to 0.005_1n relatively

"clean" waters.

Reference
1. Solorzano L (1969) - Determlnatlon of ammonla 1n natural

, waters by the phenolhypochlorlte method lenol.
Oceanog?. lﬁ, 799-801. |
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Reagents and Apparatus

(a) Reagent (a).. Dissolve 85 g of A.R. sodium dihydrogen

phosphate, NaH PO .2H20, in one litre of concentrated

47
(b) Reagent (B). Warm 100 ml of distilled water to about 60°C,
and dissolve iﬁ_it 5 g of diacetyl monoxiﬁe, CﬁéCOC(NbH)bﬂ3;”"
Cool, and add 0.06 g of semicarbazide hydrochloride,

NH _CONHNH _.HC1.
1,CONHNH , .HG1

(c) Reagent (C).: Dissolve 200 g of manganese II .chloride,

sulphurlc ac1d H SO A.R. quality,

MnClz.4H20, and 4 g of potassium nitrate, KNOS, in 500 ml
of distilled water., " .

(d) Sodium chloride, NaCl. 4&.R. quality.
(e) Stan&afd'ﬁfee'ediufien. Using dlstllled water prepare a stock
solution of urea which contalns 50 pg N/ml (107.26°g urza,

CO{NH )2, per litre), This is stable for several months. Dilute
100 times w1th distilled water to obtaln a working standard
containing 0O, 5 pg ureawN/hl Keep only for a few wéeks.

(£} Reagent bottles. Approximately 100 ml capacity (see Note 3)

(g)‘ Thermostatlcally controll*d waker bath.

(h) Fast—runnlng burette.‘ '

(i) ' Pipettes. '

() Glass measurlng spoon or ladle.’ (Optlonal)

(k) Spectrophotometer. 10-cm cuvettes.

Procedure-

Place (ladle out) approxlmately 7¢ g (the same mass to each
sample) of solld NaCl 'in a clean 100 ml capac1ty reagent bottle.'
4dd 45 ml of the seawater sample and dlssolve the salt completely
by swirling. (The salt takes eeveral minutes to dissolve.)

Mix equal volumes of reagents (B) and (C).

From a burette, add 6 ml of.reagant (A) to the sample,  Mix
by swirling. Then dispense 1% mi:of mixed reagent (B) + (C) into

the sample and mix.
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Stopper the reagent bottle and immerse in a stirred water
bath maintained at 70°C. After 90 minutes remove the bottle and
* cool rapidly in running tap water. S

Measure the absorbance in a 10 cm cuvette'at 520 nm. The
colour is stable for at least three days.

Discard any unused portion of mixed reagent (B) + (c).

Standards and Blank

add approximately 9 g, (the same mass to each), of solid NaCl
to each of four reagent bottles. add 45, 44.5, 44, and 43 ml of
distilled water, and O, 0.5, 1, and 2 ml of the working standard
to each respectively. These standards contain 0, 0,25, 0.5 and
1 pg of urea-N each.

Add reagents, develop and read the colour (falnt plnk) as for
the samples.

From the calibration curve calculate the amount of urea—N
1000
45

in each sample, and multlply by to obtaln ug urea-N per litre

of seawater.

Notes _

1. The concentratlon of urea-nltrogen in seawater varies from 1 to
20 pg N/lltre.

2. Reagent (B) is stable for up to a fortnlght. ‘The appearance of
a slight turbidity does not serlously 1mpa1r its funct1on. :
Reagents (4) and (C) are quite stable. Any slight black pfeclp—
itate of manganese dioxide, Mn02, in reagent (C) may be dis-

regarded, and av01ded by uslng the supernatant liquid only.

3, The use of relatively thick-walled reagent bottles dissipates
the heat generated after adding reagent (a). If less heat- o
absofﬁing stoppered flasks are used, the samples must be allowed
to stand for a few mlnutes and cool to 50°C or so before addlng

the flnal mlxed (B) + (C) reagent.

4., The effect of heating is important. Irregular heating or cooling
'produces erratic results. .Abeve 70°C destruction of the pink
colour is accelerated and low yields are obtained : below 70°C

colour formation is slow.
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. 5. The sen51t1v1ty of . the method increases with the salt content.
7+ g additions in the samples and 9 g additions to the standards

are specified té produce approximately 20% NaCl sclutions.

5. The'suggested volume of seawater sample, 45 ml, is chosen
becauge it is the volume requlred to £ill one partlcular de51gn

of 10 ¢ém’ absorptlon cell

Reference -
1. Newell B. S., Morgan, B. and Cundy, Jane (1967) - The deter—

mlnatlon of urea 1n seawater. J_ mar . Res. 25 201 2.
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10. METHOD OF FILTRATION TO COLLECT PARTICULATE MATERIAL IN SEAWATER

The amount of particulate material which is-collected from a-
sample of seawater depends on the type of filter used and the con-
ditions employed. nIt is_théréforé important to épécify these data
along with the analytical résults. Material which ié retained byA_
the filter is arbitrarily considered to be "particulate™; that which

(1)

Uhatman GF/b glass flbre filters with a disc diameter of 25 mm

passes through "soluble",

are convenient to handle, and produce low blank values. Their effect-
ive pore diameter seems to be about 1 um.

If particulate COD is to be one of the parameters estimated then
these filters should be heated at 500°C for 30 mins before use.

The vacuum applied should not exceed 1/4 to 1/3 of an atmosphere
{8"~10" mercury gauge). ' |

B seéwater sample of about 6 litres is big enough to provide
gub-samples to determine several materials on the unfiltered seawater,
e.g. NH3, 2, '02, as well as leaving enough
water to filter and provide sufficient particulate material for analysis.

urea, NOT 3 salinity, PO

After drawing off any unfiltered water subesamples as may be
required, connect the 6 litre sample container to a conventional 25 mm
diameter glass or plastic filter holder, {e.g. Millipore, Gelman). &
sieve of nylon netting of about 200~300 pm mesh should be placed in
the line to prevent gross particles and zooplankton from passing to
the filter pads.

avery precaution should be taken to ensure that the particulate
matter is collected evenly over the filter -pad. Fill the holder above
the filter with sample water before applying any vacuum. Damaged
filters should not be used. Handle filters with tweezers at all times.
A second fibreglass filter should be placed between a cellulose
support pad on the filter holder and the top ceollecting filter to pre-
vent the latter from being contaminated with material from the support
pad when it is being lifted.

When filtration is complete, or when sufficient particulate

material has been collected, the filter should be sucked as dry as
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possible, and the slightly damp top disc lifted on to a jig where

it can be precisely cut into as many as eight equal sectors, the

razor blade used for the cutting being guided by slots™on either

side of the 'disc. Once again the filter disc should be protected

from cCoritamination during the sectoring by a second GF/C underneath,
Different sectors of the same filter can be analysed for differ-

ent-elements or used for duplicate determinations. This procedure

has been shown to be statistically more reliable than u51ng separate

(2)

A suitable dlstrlbutlon could be to use 5/@ of the filter to deter—

fllters (and therefore separate water samples) for each ana1y51s.

mine plant plgments and l/B each for partlculate nltrogen phosphorus
and oxidizable matter.’

See figures 2 to 5 in the appendix (Section 17) for-photographs
of appéfatﬁs"déséribed in this section. | . ‘
Referencés

1. Sheldon P.W. and Sutcliffe, W.M, (1969).- Retention of marine

particles by screens and filters, Limnol. Oceanogr.,

14, 131, 441-4.

2. Newell B.S. and Kerr, J.D. (1968).- Suspended organic matter
in the south eastern Indian Ocean. Aust. J. mar.

Freshwat. Res., 19, 129-38,
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"11. PARTICULATE TOTAL NITROGEN (KJELDAHL DIGESTION) -

i

Reaqents and Apparatus

(a) Dlgestlon mixture. Dissolve 50 g of A,R. potassium sulphate,

X,80,, in 500 ml.of 10% v/% H,8

_ials.

4 - use analytical grade mater-

(b) HgCl (1% w/v) solution. Dissolve 1 g of a.R. mercuric chloride,
HgCl , in 100 ml of distilled water,

(c) ‘NééH (10% w/ﬁ) éolution . Dlssolve 10 g of A, R sodiuﬁ hydrbxide,
:NaOH in 100 ml of dlstllled water. ' .

(d).'0.4% (0.1N) NaOH solution. Dilute 1 vol. of {(c) to 25 Vols
with dlstllled water. o R

(e) 'Thymol blue indicator solutlon (B.D.H brand or equlvalent)

(£) Bromocresol purple indicator solution (B.D.H brand or equlv-
alent).

(g): Test tubes, thick walled, hard glass, 20 ml capacity.

(n) - Aluminium heating block drilled with holes to accept the tubes.

(i) Hot plate.

(j) -Test tube shaker or mixer. o

(x) Pipettes.: Alsé one Pasteur pipette.

(1) 150 ml conical flasks. N o

{m) 50 ml glass stoppered graduated cylinders.

(n) Reagents.and apparatus for NH_ analysis (Section 8).

3
Frocedure
Using tweezers, place the filter sectors (1/@ of a GF/b per
sample) with adhering particulate matter into open test tubes. Add
2 ml of digestion mixture plus 1 drop of HgCl2 solution to each,
and heat in the aluminium block, raising the temperature slowly
from 110°C to 350°C as the water evaporates., Reflux at 350°C until
clear. Expose about 3 the length of the tubes to allow refluxing.
When all the organic matter has been digested (3-5 hours),
allow to cool, then carefully neutralize with concentrated and dilute
. NaOH. Add 1 drop of thymol blue indicator first, and after this

colour change add 1 drop of bromocresol purple and neutralize further
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to the faint purple endpoint. A test tube buzzer is a convenient
means of mixing thertubercontents during the neutralization step."

Transfer carefully,Awith washings, to glass-stqpﬁered graduated
cylinders and make up to 50 ml with éé-ionizéd distilled Watef. Mix
and then pour into clean 150 ml conical flasks. (With care the
amoun% of solution left behind will be constant between samples).
The conical flasks must be cleaned prior to use with warm dilute
HCl and distilled water rinses, as in the preparation Qor NH3 analysis.

The rest of the method follows that for ammonia analysis in
Section 8; all reagents are the same exceﬁt for the composition of

' the oxidizing solution. Make up the latter by mixing 8 volumes of
the alkaline citrate solution, 1 volume of sodium hypochlorite
solution and 1 volume of distilled water. (These proportiéns min—
imize the blank, but a longer time is required - 3 hours - to dev-
elop the indophenol colour). .

It is not necessary to incubate the flasks in a water bath;
leave them undisturbed on a bench, preferably covered with a cloth
to exclude dust and bright light. ) _

The glass filter fibres will sink to the bottom of the flasks
during the time the colour is developing, leaving a clear.super-
natant from which, with care, samples free from fibres can be with-
drawn with a Pasteur pipette to the absorption éell.

Read in 1 or 2 cm cuvettes at 640 nm.

Standards and Blank

Digest GF/C filters with the digestion mixture in tubes the
same as for the samples. Neutralize and transfer carefully to
graduated cylinders,

Make up to'S0.0, 47.5, 45.0 and 40.0 ml total volume with de-
ionized distilled water; mix and pour inte conical flasks into
which have been dispensed 0, 2.5, 5.0 and 10.0 ml of standard

ammonia solution (1.2 pg NH_~N per ml) respectively. Develop the

3
colour and read the absorbance.

This set of standards contains 0,3,6 and 12 pg NH_-N per flask.

3
Only 2 standards as well as the blank need be prepared if they

straddle the sample concentration values.
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Noteé

The level of pafticulaté total nitrogen in seawater varies '
from 5 to 50 pg/iltre depanding on the fertlllty of the water;

even more for very rich {or polluted) water.

Calculate the NH -N present in each‘sample flask and multiply by

3

8 where V = volume (litres) of seawater filtered,
- . ]

V.n
and n'= number of sectors used (usually one).
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12. PARTICULATE TOTAL PHQSPHORUS

Reagents ‘and apparatus

(a) Potassium persulphate, K25208' solution (5% w/b),l Make up
fresh stock weekly from A.R. quality reagent,

(b) Sulphurlc acid solution, 6N. Dilute 100 ml- of AR, conc.

H2504 to 600 ml with distilled water.

(c) Molybdate solution. {(2.5% w/hv). Dissolve 10 g of A.R.
ammonlum paramolybdate, ( NH 6Mo7 24.4H 0, in .250 ml of
distilled water. ©Store in a plastic bottle away from direct
sunlight. The solution is quité stable. _

(a) ascorbic acid solution. Preparé a 10% w/% solution of ascorbic
acid, C6H806, in distilled water, This solution is unstable.
It may be prepared shortly before use.\_@lternatively it will
keep for up to 10 weeks if kept frozen ip a plastiq bottle. .
Thaw for use apd reﬁreezg.

(e) Standard phosphate so}ufion. 10 ug- PO

4
of A.R. potassium dihydrogen phosphate, KH2P04, in distilled.

—P/ﬁl Dissolve 439 mg

water, make up to 1 litre, and then dilute the solution 10 times.

To prepare a working standard, take 5 ml of the above and

dilute to 50 ml in a standard flask with 5% X 55,0 solution,

278
The working standard eontains 1 ng PO4 -P/hl. '

(£) Colour developing reagent. Mix 1 volume each of the sulphuric
acid, ammonium molybdate and ascorbic acid solutions plus 2
volumes of distilled water. Prepare freshly for each set of
determinations.

(g) Screw-capped tubes. 20 ml capacity.

(h) Aluminium block drilled withlbles to accept the tubes.

(i) Hot plate; water bath.

(3) Pipettes.

(k) Spectrophotometer. 1 cm cuvettes.

Procedure

Place the GF/b filter sectors into screw-capped tubes.

Add 4.0 ml of 5% K_S O8 solution to each, and screw the caps on.

272
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Heat the aluminium block to 100°C. Place the tubes in and
digest for 1 hour exactly., Remove and allow to cool. Add 4 0 ml
of the colour developlng reagent and incubate for 2 hours ina 7
water bath at 37°C '

Read in 1 cm,cuveftes at 820 nm, or, if off-scale, at 620 nm

(for 1/3 sensitivity.) The colour is stable for at least 24 hours.

Standards and Blank

The level of particulate phosphate-phosphorus in seawater may
vary from 0.1 to 10 pg/iltre

Prepare” standards containing 0, 1 and 2 pg of Pog_-P as Pollows:

To GF/C sectors in 3 tubes add 4.0 ml, 3.0 ml and 2.0 ml of
5% X,5,05, Plus O ml, 1.0 ml and 2.0 ml of the I ug/ml Po3 -P working
standard ‘gsolution respectively. -

Carry through the same digestion and colour development proc-
edure aé for the samples.

Calculate the phosphorus present in each unknown sample and
multiply by’ vg— to ‘obtaih pg PO3 —P/iltre seawater, where V =

volume (11tres) of .seawater flltered and n = number of sectors

used (usually one).

Reference= o
1. Chen, P.S., Toriba, T.Y., and Warner, H. (1956) .-
Determlnatlon of 11p1d phosphorus. Analyt. Chem. 28:
1756
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“'13,  PARTICULATE CARBON.(CHEMICAL OXYGEN-DEMANDY .. .=

Reagents end_Apparatgs_

(a) Standard potassium dichromate solution. Weigh out about 4.90 g
of A.R.quality potassium dichromate, X Cr207, dissolve in |
distilled water and make up to 1 litre. The solution is perfectly"“
stable; 4.9035 § of the salt per litre has a;cqncantratlon of
0.100 N. o

(b) Ferrous ammonium sulphate solut1on. -Weigh -out 9.80 ¢ of A.R.
ferrous ammonium sulphate,‘(NH ) 580, -Fes0,. 6H20,and dissolve in

- .300-400 ml of distilled water to which.20 ml of conc._H SO

has been added. Make up to 1 litre w1th distilled water. Its
strength is nomlnally c. 025 N, but it must be standardized
before each set of determlnatlons, by titration against the
dichromate solution. - .Keep for no more than 1 month,

{(c) Ferroin (trl-ortho phenanthrollne ferrous sulphate) 1nd1cator'q
solution. (B.D. H " brand 1nd1cator or equlvalent ) ‘ '

(d) 4.5% w/v' sodium sulphate, Na,; S0

(e} Conc. H,80,. A.R. quality.

{(£) Thermostatically controlled hot _Plate (or aluminium block) .

4; solution.

(9) 5 ml capac1ty burette, or-alternatively an automatlc tltrlmeter
e,g. "Dosimat".

(h) Test tubes or beakers.

Procadure .

The GF/C filters ﬂSed-Should'beiprecombuSted'at 500°C for
30 minutes to eliminate all’ organic contaminants,’

After filtering the seawater sample, disconnect and wipe the
inside surfaces of the upper part of the filter holder free of salt.

2 4

repeat with a further 2 ml of Na2804 -solution.

Dismantle. Cut up the GF/C's.

water,” Reassemble, add 2 ml of Na_50, solutlon, suck ‘géntly dry, ‘ahd

Transfer the sample (1/8 of the glass filter disc) to a tube or -

small beaker g . T

| Carefully dlspense 1 ml of K2Cr 07’
add 2 ml of conc. H 504, and mix.

solution- into each sample,
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Place the tubes/beakers on the aluminium block/hot plate at

105°C for 1 hour exactly.

Cool, and titrate the residual dichromate against the ferrous

solution in the presence of one drop of ferroin indicator.

Calculation

1T ml of 1 N K20r207

[}

8 mg oxygen

8000 pg oxygen
Henca; Chemical Oxygen Demand
- v
(1\11\11 N, 2) 8000 pg O

n

per sector

2
where N1 = concentration of Cr2072- solution (normality)
N2 = concentration of Fe2+ solution (normality)
v, = volume of Cr20?2_ solution (mls)
v, = vdlgme of Fe?* solution (mls)

Multiply by % to obtain pg C.O.D/iitre of seawater

where V = volume (litres) of seawater filtered.

Notes

1.

3.

The reason for washing the particulate matter on the filters

with Na2304 solution is to displace all thé chloride present

without causing osmotic losses at the same time.

Sufficient K20r20 should be present to oxidize the organic

7
material present with an excess of at least 75%.
Clean the test tubes (or beakers) in hot chromic acid mixture

and keep in a dust free container (dessicator).

4. The mng: of Chemical Oxygen Demand values usually lies within

50-300 pg oxygen per litre of seawater. In the case of seawater
suspended matter, C.0.D values may be expressed as carbon equiv-
alent from the approximate (1A5%) relation 2.9 ug oxygen =

1 pg carbon,

Reference

1. Maciolek, J.A. (1962) .- Limnological organic analyses by
Dichromate Oxidation. Res. Rep. U.S. Fish. Wildl. Serv.,60.
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.. ... 14, PLANT PIGMENTS (CHLOROPHYLLS) -
Reagents and Aggaratus

| " (a) 100% acetone. C'HscOCHa.“”

(b) Screw-cap tubes (20 ml capacity),. S -

(c) Tube "buzzer". e.g. Vortex Genie.

(d) Spectrophotometer and 2 cm cuvettes,

(e) Filtration equipment, etc (see section 10),

(£) Centrifuge.

(9) Pagteur pipette.

Procedure

Using tweezers, place the damp filter sectors with adhering
_parficulate materials, into screwecap tubes, and add 6 ml of 100%’
acetone, _

Screw the caps on, EXxpose the tubes to as little light as
pogsible., Mix the contents several times oﬂ a tube buzzer and leave
the tubes standing overnight in the dark in a'cold room” or cupboard
to allow complete extraction of pigments. The extract is stable for
3 or 4 days if kept cool and away from light,

Mix again and centrifuge for 10 minutes at 2000 r,p.m., Transfer
the supernatant with a Pasteur pipette into 2 cm cuvettes, taking
care not to suck up any glass fibres.

Read each sample at 750, 665, 645 and 630 nm, Match the cells
when filled with acetone and if necessary apply corrections, Use

100% acetone for the blank. There are no convenient standards,:

Calculation
Calculate the concentration. of the chlorophylls in the seawater

{expressed as pg/i) from the following equations:

_ 8 | p_ vol of acetone {mls)
chlorophyll p n [d * vol of seawater filtered (litres)

where d =-light path of cuvette, {cm)
n = number of filter sectors used,
and ‘ p = a, b or ¢

and where a = 15.6 x (abs 665 abs750) -2 x(abs 750)-0 8x(ab5630‘£%h19
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b= -4.4 x (ab566 —abs750

5 J+25.4x(abs  c-abs, <) -10. 3x(abg sabs.)

c ==12.5x( ab5665-abs7 50) ~28 .. ?.Jv:(,abs@4 5-7?32?57 50) +109 .Ox(-—abssm-a%)

abs = absorbance at x nm.



15, PARTICULATE PROTEIN

Reagents and Apparatus

~

a)

(v)

(g)

(n) .

(1)

(3)

(k)

(1)
(m)

(n)
(o)

(p)

(q)
(r)

Conc. HCl A. R quallty

51.

50% v/% HC1 solutlon. Dllute one volume conc. HCI wifh

one volume of dlstllled water,.

10% v/v HCLl solution, Dilute 1 vol. 50% HCL to 5 volumes

with distilled wafer}

4% w/v NaOH solution. Dlssolve 4 g A.R. sodium-hyﬂPO*idé

in 100 ml dlstllled water.

0.4% w/v NaCH solution, Dilute 1 vol of (d) to 10 volumes ”

w1th dlstllled water. .
"2M sodium citrate! solutlon, pH =

R-
A citric acig, 03H406 (COOH) in

and 80 g of 4,R, sodium -hydroxide, NaOQH,in 500 -m}l of -distilled

5.20. Dissolve 180 g of

500 m1 o dlstllled water,'

water. Cool both solutions and combine.

0.4 sodium citrate solution, Dilute 1 volume of the 2M

solution with 4 volumes of distilled water.

Thymol blue indicator solution, B

D.H. brand or equivalent,

Bromocresol purple indicator solution. . B,D.H. brand or: .

equivalent. Y

2%,w/% ninhydrin solution.. Dissolve 2 g triketohydrindene -

isobutanol. Xeeps for 2-3 weeks,

. hydrate in 100 ml .of a 70:30 v/v.mixture of glycerol and

Bovine serum albumin (B,S.A.) standard. Dissolve 31.63.mg

of high grade B,S.A. in 50 ml of faintly alkaline (1 drop of

0.4% NaOH) distilled water. This solution contains 100 ug

of nitrogen per ml. Make up fresh standard for each analy51s.

Screw-capped tubes and test tubes.
Alumlnlum heatlng block w1th holes

screw-capped tubes.

'Water bath

Hot plate

Test tube buzzer (optlonal)
Pipettes.
Spectrophotometer., 1 cm cuvettes.

R A

driiled'fﬁ'éqcomﬁodaté the
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Procedure

The same sectors as were used to determine chlorophylls may,
with little error, be used to estimate proteins, in which case any
acetone remaining in the tubes must be poured out and digéarded, and
the tubes warmed in the aluminium block (about 80°C) for an hour or
50, But due to the rigk of falling to remove all traces of acetone
it may be preferable to use other unused sectors. :

To the dry filter and residue add 2 ml of 50% HC1 solution.
Screw the caps on, place the tubes in the aluminium block, tighfen
the caps affer a few minutes' warming, and heat at 112°-115°C. Let
the acid reflux for 24 hours with about ‘half the length of each tube
exposed above the block. Remove and allow to cool.

After hydrolysis, neutralize the acid, initially tc a thymol
blue end point then to the bromocresol purple end point, using the
40% and 0.4% NaOH solutions. The use of a test tube buzzer during
this operation is helpful, 10% HCl solution may be used to compens-
ate for any over-neutralization, _ .

4dd 2 ml of 2M sodium citrate and make the volume up to 10 ml
(giving a final concentration of 0,4 M sodium citrate).

Centrifuge and dispense 1 ml of the supernatant into test tubes
used for the colour development, To this 1 ml of supernatant add
1 ml of 0.4 M sodium citrate and 2 ml of ninhydrin reagent.

Mix and place in a boiling water bath for 30 minutes. Cool
quickly and make the volume up to 10 ml with distilled water. Mix.

Read at 570 nm in 1 ¢m cuvettes.

Because the colour is unstable, the absorbance should be read
within about half an hour of the tubes being removed from the water
bath.

Calibration

Because hydrolysis does not convert all peptiﬁe nitrogen, and
the colour response of individual amino~acids to ninhydrin varies,
it is best to calibrate this method directly with standards made up
of bovine serum albumin or egg albumin. The total nitrogen of these

standards may be checked by a Kjeldahl digestion (use method of Sectionll).
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Dispénse 0, 0.1, 0.2 and 0.3 ml (containing O (blank),
10, 20 and 30 pg N respectively) of the B,S.a. standard into 4
screw—capped tubes, Make up to'1 ml with dlstllled water.

4dd 1 ml of conc. HC1 (a.R.) and put all 4 tubes through
the hydrolysis, neutralization and colour development procedure.

Construct a calibration curve: From this curve calculate
the. amount of protein nitrogen present in each unknown and then
multiply by 3 - to. obtain the amount of particulate protein per
litre in the original water, where V = the total volume (litres)

of sea water filtered, and n = the number of sectors. used.

Notes

1. The level of particulate protein nitrogen in seawater 1s usually
of the order of 5-30 pg/iltre.

2. The main source of interference contributing to the blank is
probably ammonia from reagents and the working environment.

3. The effect of clean GF/C fiiters on the blank is usually
undetectable., If one is confident that this is so, then the
blank and standard solutions may be prepared (as herein descrlbed)
without the fllters. 7 .

4. A salt error is incurred unless all solutlons are buffered at
the same salt concentrations. Ensure that samples are at pH 5.2
before the nlnhydrln reagent is added. (A check may readily be

made on an extra blank prepared for the purpose)
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.16, ZOOPLANKTON. TOTAL NITROGEZN (XJ3LDAHL DIGZSTION)

(BN

Reaqents and ﬂpparatus cee e

(a)‘ Dlgestlon mlxture (10% w/% K SO

in 10% v/~ H,80, as in
“Section 11). '

4 4

(b) _HgCl2 solution (1% w/v as in Section 11).

(c) .NaOH. soliitions :-(10% w/v and 0.4% w/v as in Section 11).

(d) - Thymol blue indicator solution, B,D.H. brand or equiv-"
alent, - 7 ' '

(e) Berocfesol“purple indicator’ solution. B.D,H, brand or
equivalent.

{f) Glass cloth filters.

(g} Buchner- funnel. _

(h) Xjeldahl flasks. 200 ml capacity.

(i) Xjeldahl flask heating rack.

(j) Reagents and apparatus for NH, analysis. (Section 8).

3

Procedure

Tfansfer theé zobﬁlankton sampie to a glass cloth disc on a
B&chner funnel and wash free Of seawater with a few ml of distilled
water. ' - ' |

" Transfer the cloth with sample to a Kjeldahl flask and digest
as in Section 11 but with 50 ml of digestion mixture plus 10 drops
of HgCl2 solutlon. Treat another glass fibre disc similarly for the
blank.

Transfer with washings and make up the sample and blank digests
to 100 ml in volumetric flasks.

(For large samples not fully digested by the original volume of
acid, add, after cooling, a further 50 ml of digestion mixture plus
10 drops of H9012 to the sample. In this case, make the final digest
up to 200 ml in a volumetric flask.)

Neutralize 10 ml aliquots of each with the NaOH solutions
using thymol blue indicator followed by bromocresol purple, and
make up to 100 ml, ({see Section 11},

Transfer 2 ml aliquots of the above neutralized solutions to
conical flasks, add 48 ml of distilled water and determine the ammonia

as in Section 1l1l.
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‘If the zooplankton catch was large, only 1 ml may be needed
in 50 ml for the ammonia estimation.

Depending on the amount of dilution undertaken, the total
nitrogen in the zooplankton sample will be 500, 1000, or 2000
times the NHB-N content in the final -50 ml, as may be verified
from the procedure.

Calibrate with NH4C}. standards as in Section 11.

Notes

1. The density of zooplankton in the sea naturally varies tremend-
ously, but material containing 0.3 pg N/1itre would indicate
a poor to average concentration. A catch which contained
3 ug N/litre would be considered to show a fairly high zoo-
plankton density.

2. 1If the zooplankton catch is preserved in formalin, some tissue
nitrogen will leach out into the preserving fluid. Analyses

should be made on fresh material where possible.

-
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Figure 2.- 2-litre water sampler.
Designed and built at C.§.1.R.0. Cronulla, mainly for use
in shallow waters. It is operated in a similar manner to
the Jitts sampler (Figure 3}, One difference from the latter
is that the elastic "springs" conrecting the stoppers at either
end are external to the sample chamber., The lower plug on this
unit is shown in the closed position.
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Figure 3.-

6-litre {Jitts) water sampler.

The sampler on the left is open. A taut, rubber "spring"
joins the two hemispherical plugs, which are clipped tc the
frame attached to the wire., At the required depth, a weight
("messenger") is slid down the wire, This releases the plugs
by depressing the metal plate at the top of the frame.
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Filter cutter.

Figure 5.-

See Section 10 for explanatory details.



9.
10.
i,
12.
13.

14,

15.
15.
17.

18.

15.
20.
21.
22,
23.

24,

25,
248,

27.
28.
29.

30.
31.
32,
33.
34.
35.
36.
37.
38.
39.

DIVISION OF FISHERIES AND OCEANOGRAPHY REFPORTS

. THOMSON, J.M. {1956).- Fluctuarions in catch of the yelloweye mullet Aldrichketta forsteri (Cuvier and

Valenciennes) (Mugilidae}.

. NICHOLLS, A.G. (1957),~ The Tasmanian treout fishery. I. Sources of information and treatment of data.
. NICHOLLS, A.G. (1957).~ The Tasmanian trout fishery. II. The fishery of the north-wegt rivers.
. CHITTLEBORCUGH, R.G. {1957).- An analysis of recent catchés of humpback whales from the stocks in

Groups IV and V. Prepared for the Internaticonal Commission om Whaling.

. CSIRO AUST. (1957).- F.R.V. "Derwent Hunter". Scientific report of Cruises 3/56, 4/56, 5/56.
. COWPER, T.R., and DOWNIE, R.J. (1957).~ A line-fishing :survey of the fishes of the socuth-eastern

Australian continental slope.

. DAVIS, P.S. (1957).- A method for the determination of chlorophyll in sea-water,
. JITTS, H.R. (1957).- The “C method for measuring Cf; uptake in marine productiwity studies.

HAMON, B.V. (1957).- Mear sea level variation on the coast of New South Wales,

NICHOLLS, A.G. (1957).- The Tasmanian trout fishery. III. The rivers of the north and east.
NICHOLLS, A.G. (1957).- The population of a trout stream and the survival of released fish.
CSIRO AUST. (1957).- F.R.V, "Derwent Hunter'. Scientific report of Cruise 6/56.

CHAU," Y.X. (1957)}.- The coastal circulation of New Scuth Wales from drift card results 1953-56.
KOTT, P, {19537).- Zooplankton of East Australian waters 1945-1954.

CSIRO AUST. (1958).- F.R.V. "Derwent Hunter". Scientific report of Cruises 1/57 - 4/57.

ROCHFORD, D.J. (1958).- The seasonal circulation of the surface water masses of the Tasman and Coral Seas.

CHITTLEBOROUGH, R.G. (1958).- Australian catches of humpback whales 1957. Prepared for the International

Commissicn on Whaling.

CSIRO AUST. (1958).- Australian documents prepared for the UNESCO Conference on the Oceanography of the
Tasman and Coral Seas held at Cronulla, August 9-14, 1958.

CSIRO AUST. (1958).- F.R.V. "Derwent Hunter". Scientific report of Cruises 5/57--8/57.

CSIRO AUST. (1959).- F.R.V, "Derwent Hunter". Scientific report of Cruises DH9/5712/57.
CSIRC AUST. (1959).~ F.R.V. "Derwent Hunter'. Scientific report of Cruises 13/57—16/57.
ROBINS, J.P. (1958).- F.R.V. '"Marelda”. Scientific report of Cruises July 1957 —'May 1958.

CHITTLEBORQUGH, R.G, (1959).- Australian humpback whales .1958, Prepared for the Intermational
Commission on Whaling.

CSTRO AUST. (1959).- H.M.A.S. "Queensborough'” and "Quickmatch™. Scientific reports of a cruise March
26 - April 26, 1958.

CSIRO AUST. (1959).- H.M.A.S. "Warrego'". Scientific reports of Cruises W1/57 and W1/58.

THOMSON, JI.M. (195%).- Summary review of a scientific survey of Lake Macquarie by CSIRO Division of
- Fisheries and Oceanography.

CSIRO AUST, (195B).- F.R.V. "Derwent Hunter". Scientific report of Cruises 1/56-9/58.
W00D, E.J.F. (1963).- Check-list of dinoflagellates reccrded from the Indian Ocean.

CHITTLEBOROUGH, R.G. (1960).- Australian catches of humpback whales 1959. Prepared for the Internaticnal

Commission on Whaling.
CSIRO AUST. {1960).- F.R.V. "Derwent Hunter". Scientific report of Cruises 10/58-20/58.
CHITTLEBOROUGH, R.G. (1961).- Australian catches of humpback whales, 1960.
CSIRQ AUST. (196l).- F.R.V. "Derwent Hunter". Scientific report of Cruises 1/59-10/39.
CSIRO AUST. (1963).- F.R.V. "Derwent Hunter". Scientific report of Cruises 11/59-4/60.
CHITTLEBOROUGH, R.G. (1962).- Australian catches of humpback Ghales, 1961,
CHITTLEROROUGH, R.G. (1963).- Australian catches of humpback whales, 1962,
WooD, E.J.F. (1963).- Checklist of diatoms recorded from the Indian Ocean.
HYND, J.S., and VAUX, D. (1963).- Report bf a survey for tuna in Western Australian waters.
BANNISTER, J.L. (1964).- Australian whaling 1963. Catch results and research,
CSIRO AUST. (1965).- F.R.V. "Derwent Hunter'. Scientific reports of Cruises 1950-56.



40.
41,
42.
43.

44,
45,
46.
47,
48.
49,
50.

51.

CSIRO AUST., (1967).— 20th Marine Sclence School May 22-27, 1966.
KESTEVEN, G.L. (1967)}.- Colombo Plan fishery resources research, India, Report to Government of India.
CSIRD AUST. (1967).- 21st Marine Science School May 23-June 2, 1967,

JITTS, H.R. (1968).- Data collected by Australian participants during the May,‘1968 sea trials of
SCOR/UNESCO working group 15 on "Photosynthetic Radiation in the Sea".

NEWELL, B.§5. (1969).- Dispersal of pulp mill effluent in Hospital Bay, Tasmania.

NEWELL, B.S. {1969).- Total transport and flushing times in the lower Tamar River.

HAMON, B.V. (1969).- Review Papers. I. “Current-effect” on sea level. II. Oceanic eddies.

LOCKWARD, D.R. (1970);- Portable temperature-chlorinity bridge (S-T meter) instruction manual.
COWPER, T.R, (1970). - Scientific reports of cruises of T.5. Fukushima Maru, ¥.V. Suruga Maru.
NEWELL, B.§. (1971). - Chlorinity and temperature distribution in Deception Bay, Queensland, 1968-69,
CRESSWELL, G.R. (1%71). - Current measurements in the Gulf of Carpentaria. .

MAJOR, G.A., DAL PONT, G., KLYE, J. and NEWELL, B. (1972) - Laboratory techniques in marine
chemistry: a manual.



