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Pacific Oceanographic Group 
Nanaimo, B.C. 

PREFACE TO COLLECTED STANDARD METHODS 

(File N 7-1-5 July 31, 1957) 

These nine methods form the core of some two dozen procedures which 
will eventually be released b.1 the Pacific Oceanographic Group. Methods 
for nitrate and ammonia will follow shortly and it is hoped to extend 
the work to cover most of the metals such as iro~, manganese, copper, 
zinc and molybdenum, known to be essential to the enzyme systems of 
marine life. ' 

Trivial changes and additions will be issued from time to time as 
addenda to these methods. A method will be completely re-issued, under 
a separate letter code, if experience indicates a major revision Or 
change of approach is merited. 

These methods are intended for domestic use and limited private 
circulation and no discussion of or reference to the literature is in­
cluded. Basic working instructions are given in full ~etail. Notes on 
the chemistry involved are only included where this knowledge can c~n­
tribute materially to the speed and efficiency of the operator. Some 
methods are taken directly from the literature, others are based on ideas 
taken from more t.han one literature source. In many instances, the ori­
ginal procedures have been gr~atly modified, where this has been shown to 
r~sult in an increase of speed, precision, or operational simplicity. 

All method~ have had a thorough trial under land or shipboard labora­
tory conditions and the precision limits of each method are calculated 
from a statistical treatment of the results so obtained. In most oceano­
graphic work it is now ilmperative that an estimate be made of the statisti­
cal significance of any result that is obtained. The prime purpose of 
issuing these methods is 'that standardized procedures can now be used 
which give results having a known variance. 

J.D.H. Strickland, 
Chemist. 
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DETERMINATION OF SALINITY BY SILVER NITRATE TITRATION 

(HIq.H PRECISION ME'rHOD) 

(File N 7-1-5 June 30, 1957). 

Definitions 

A. Chlorinity 

Halogen ions in sea water are normally estimated by argentimetryo 

To prevent ambiguity arising from changes in the accepted atomic weights of 

silver and chlorine the chlorinity, Cl 0/00 , of sea water is defined as 

003285234 times the weight of silver precipitated as silver halides from 

1 kg. of sea water, all weighingS being in vacuo. 

Bo Salinity 

The salt content of sea water is usually expressed as salinity, 

S 0/00 , a convention which approximates to the weight in grams, in vacuo, 

of the solids obtained from 1 kgo of sea water (weighed in vacuo) when the 

solids have been dried to constant weight at 480 0 C, the organic matter 

oxidized and the bromide replaced b.Y an equivalent amount of chloride. 

(Ocean water contains slightly more salts (halogens, carbonate and bicar­

bonate) than is expressed by its salinity value.) In practice, the salinity 

is defined in terms of chlorinity by" the Knudsen equation: 

C. Chlorosity 

This value, Cl/l(t), is the quantity determined b.Y volumetric 
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methods and is defined in the same manner as chlorinity exc~ptthat the 

sample unit is' 1000 ml. of se~ water at a stated temperature rather than 

1 kg. of sea water weighed in vacuo. 

A. Capabilities of the Method 

Rauge S 0/00 30 - 3S 

The following data are based on a statistical treatment of results 

obtained by skilled operators in a shore-base laboratory, using the pro-

cedure exactly as desoribed and reporting results as a mean of two deter-

minations on the same sample •. 

1. Precision at the 1Q :.L..u. Salinity Level. 

The correct value lies in the range: Mean of duplicate determina­

tions ± 0.017 0/00. 

Greater precision may be obtained by increasing the number of deter-

minations. If n titrations are meaned and Cs (see Section H) is determined 

0./23 from ten or more titrations, the range becomes approximately ± nl 2 . % 0 , 

Reject duplicate determinations if the values for chlorosity differ 

by more than 0.025. If the duplicate tit rations differ by less than this, 

take a mean value. 

~: The above statistical data apply at the 0005 probability level, ioe., 

the odds are 19 to 1 in their favour. By this criterion two samples of sea 
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water cannot be considered to be significantly different in salin~ty unless 

the values differ by more than 0003 %. if the same standardization correction 

is used (see Section H below) or by more than 00035 0/ •• if different standardi­

zations have been employed {mean of duplicate sample titrations in both cases.} 

B. Outline of Method , -=~= 

The halogens in a 15 ml. volume of sea water sample are determined by 

titration with a silver nitrate solution using a chromate end-point, the Mohr 

titration 0 The silver solution is standardized against the same volume of a 

sea water standard of known chlorinity, obtained from the Laboratoire Hydro-

graphique at Copenhagen. Corrections are made to allow for temperature and 

density, so as to convert titration values to chlorinity, from which salinity 

values are obtainedo Special Knudsen-type automatic pipettes and burettes are 

usedo 

Co Special Apparatus and 'Eguipment 

The special Knudsen~type automatic pipette and. burette designed for 

this determination must be usedo Arrangements are made for vacuum to suck 

samples into the pipette and for pressure to fill the burette from a large 

reservoir of silver nitrateo The titration is conducted in a 200 ml~ tall-

form beaker with rapid mechanical stirring. An automatic dispenser of diluting 

solution, containing the chromate indicator, is advantageouso Centigrade ther= 

mometers, read to the nearest tenth of a degree, are used to measure the tempera-

ture of the silver nitrate solution and the sea water samples immediately prior 

to or after a titration. The titration should be carried out against a white 

background in the lIyellowll light of an electric light bulb rather than in day-

light or in the light of artificial daylight lampo 
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D. Special Reagents and Solutions Required 

1. Standard Sea Water 

The primary standard for this method must be a sample of Eau de Mer 

Normale with a stated Cl 0/00 value (near to 19.3S) obtained from the Depot 

d'Eau Normale at Charlottenlund Slot, Charlottenlund, Denmark. To conserve 

this primary standard, it is best to prepare a large volume (10-20 liters) of 

a secondary standard consisting of filtered sea water (preferably collected 

below ,0 m. in the open ocean) with a chlorinity exceeding IS o/eoo This 

sample is stabilized b.1 adding a few crystals of thymol and is then rapidly 

filled into sample bottles (see Section E). Every tenth bottle is opened and 

analysed in duplicate by the method described below using a silver nitrate 

solution that has been standardized by Eau de Mer Normale. The mean of ten or 

~ such duplicates is taken as the chlorosity (20· C) of the secondary stan­

dard. 

2. Silver Nitrate Solution (Approximately 0.207 ~). 

Dissolve 36 g. of good quality silver nitrate for each liter of final 

solution. Use distilled water and store the solution in a dark bottle. It is 

desirable to make this solution in units of at least 20-40 liters when large 

numbers of solutions are to be analysed. This solution will require dilution 

with a few per cent of water to bring it to the desired strength, as described 

.. in Section H. The solution should be well mixed in the bottle once or twice 

each day or prior to each batch of titrations. 

3. Indicator-Diluent Solution 

Dissolve 3.5 g. of analytical quality potassium chromate, K2Cr04, in 

each liter of distilled water. 
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Eo Sampllng Procedure and Sample Storage 

Use standard flat 8-ounce medicinal bottles for collecting, shipping 

and storage of samples used for salinity .determinations. The bottles manufactured 

for use with size noo 6 corks should be used. The corks are soaked for 30-40 

seconds in melted paraffin wax and drained and dried b.1 placing them on a wire 

screen. Extruded excesses of wax are removed. The bottles are rinsed thoroughly 

three times with the sample and then filled to the shoulder. They are sealed 

by forcing the w~ed corks down to a few mm. below the level of the neck. A 

further seal should be made within a few days by dipping the neck in melted wax. 

No changes in salinity will then result over a period of many years. 

When these bottles, or the containers of Eau de Mer Normale, are opened 

the salinity determination must be carried out within a few minutes. Repeat 

determinations on re-corked bottles should not be delayed for more than about 

one hour. 

F. JAtperimen tal 

Add 15.00 mlo of sample to a 200 mL spoutless tall-form beaker by 

means of the automatic Knudsen-type pipette and add 15 ml. of indicator­

diluent solution. The titration is made from a Knudsen-type automatic bulb 

burette, the graduations of which generally commence at about 1607. (This 

burette delivers twice the volume indicated b.1 the graduations so as to obtain 

an increased sensitivity.) The contents of the beaker must be vigorously 

stirred before and at the end-point. It is best to commence stirring after the 

bulb has about two-thirds emptied. About one mle before it is judged that the 

end-point is reached, rinse the sides of the beaker and stirrer with a little 

distilled water from a wash bottle. 

As the end-point approaches, the localized red precipitate formed by the 

silver solution will begin to spread throughout the solution. At the end-point 



the pale greenish-yellow colour of the contents of the beaker changes to a full 

yellow and then becomes a definite p~le red as the end-point is exceeded. The 

exact point is largely subjective and errors in its estimation are allowed for 

to some extent in the standardization procedure (see Section H). However, the 

permanence of any supposed end-point should be checked by slowly counting to 

five. If the colour is not permanent a further small drop of silver nitrate 

solution should be added. Record the burette reading immediately to the nearest 
\ 

tenth of a graduated division (0.001). Note the temperature of the silver 

nitrate and sample (to the nearest 0.10 C) before each titration. 

The following routine has been suggested a~ a means of attaining maxi-

mum speed in the analysis of a batch of samples when a supply of suction for 

the pipette and pressure for filling the burette and indicator-diluent dispenser 

are available. A small,sink and supply of distilled water for rinsing beakers 

should be available to each analyst. 

Whilst the bulk of the silver nitrate is running into the previous 

sample being titrated: 

1. Fill the pipette with the sample, having noted its temperature. 

2. Fill the indicator-diluent solution dispenser. 

3. Rinse the beaker, which has been, left draining after the second last 

titration. 

4. Close the pipette and indicator-diluent dispenser as these become fullo 

5. Remove the sample bottle from under the pipette with one hand and, at 

the same time, dry the stem and tip of the burette by a small piece of 

rag or absorbent tissue held in the other hand. 

6. Place the 200 ml. beaker under the pipette and under the indicator-

diluent dispenser simultaneously and open the taps to allow these two 

solutions to enter the beaker. 
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Whilst the pipette is emptying and draining complete the titration of 

the previous sample and remove the cork from the next sample to be analysedo 

70 stop the stirrer and record the titration. 

80 Remove the beaker from under the burette and invert it in the sink to 

drain 0 

9. Touch the tip of the pipette on the side of the beaker to empty it 

properly and then transfer this beaker, containing the sample and 

indicator, from beneath the pipette to beneath the burette. 

10. Note the temperature of the silver nitrate solution by a thermometer 

placed in a small tube through which the solution flows before entering 

the burette. 

11. Fill the burette with silver nitrate solution and start the titration. 

12. Commence the cycle again at 1, above. 

G. Calculations 

Let V be the reading of the Knudsen bUrette, taken to three decimals. 

Let Cb be the burette correction (positive or negative) 0 This depends 

on the magnitude of the titration and is given by the manufacturers. It rarely 

+ exceeds - 0.005. 

Let Cs be the standardization correction (positive or negative) obtained 

as described in Section H. This correction should not exceed 0.05 - 0010 

Let Ct be the temperature correction. This correcti.on, which rarely 

exceeds a positive or negative value of Oo02~depends upon the reading V and the 

difference in temperature crAg - TC~ between the silver nitrate solution and the 

sample. It is obtained from the table given at the end of this method. TAg -

TCl should never exceed 5° C. In making this correction it is assumed that in 

the range of say 14° C - 26 0 C the expansion of sea water and silver nitrate 
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, solutions are small and equal to each other. If this is the case, the cor­

rected titre so obtained is independent of temperature and is thus correct for 

Oalculate the chlorosity at 20· 0 from the expression: 

01/1(20) = V + 0b + Os + 0t 

Evaluate the salinity from this chlorosity value from the tables of 

Pickard. These give the relation between Cl/l and S ·/00 at various tempera-

tures using a conversion of Cl/l(t) to Cl °/0,. by the' graphical method of ' 

Carter and Tully (J. du Conseil, 12 No.1, 1937), and the conversion ofCl °/00 

to S %. by the Knudsen equation. Corrections are given in this table for 

t = 15· C and t = 20° C from values calculated at 1705· Co Only the t = 20° 0 

data are used. 

H. Calibration. Determination of St'andardization Correction Qa. Use of Eau de 

Mer Normale 

1. Evaluate the chlorosi ty of the primary standard sea water, "Eau de Mer 

Normale ll , from the equation 

Cl/120 = Cl °/00 x P 20 = Va 

where Clo/ •• is the stated chlorinity and ~ 20 is the density of sea water of 

this chlorinity when at 20.0· 0 (NB e 20 for water of a Gl ·/00 value betwe,en 

-19.37 and 19.38 may be taken as 1.0248.) Other values are obtained from Knud-

sen's Hydrographic Tables. 

2. Adjust the strength of the silver nitrate solution by adding small 

amounts of water to the solution prepared as in Section 0.2, until the value of 

obtained as described in Sections F and G, is within 0.1 or less of the chloro-

sity of the standard (Va) at 20· C. Finally evaluate Vc as the mean of at least 

twenty determinations having a spread less than 0.025., 
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3. The standardization correction, Cs, for any determination will depend 

upon the value of Va - Vc , obtained above, and the magnitude of V for the part i­

cular determination. Calculate correction intervals, U-, given by the formul~: 

Lr = 2;.V 
200 (Va - Vc) + 1 

The experimental values of V are classified according to the number of multiples 

of U- that they contain and the Cs values are read from a table constructed by 

each worker, of the form: 

v- -2tr 

2Lr -3\.r 

3t.r-4Lr 

Cs 

0.000 

(Va - Vc)· t:!: 
Vc 

2(Va - Vc)· ~ 
Vc 

3(Va - Vc)· 1£ 
Vc 

Values of Cs should be calculated to the nearest 00001. 

Use of Secondary Sea Water Standard 
( 

Use the silver nitrate solution, calibrated as described above, to 

determine the Cl/120 value for the secondary standard (see Section D) as the 

mean of ten or more duplicate determinations, a duplicate being carried out on 

every tenth bottle. This secondary standard should be used in preference to the 

Eau de Mer Nor.male for all routine work. The value for Cs must be determined 

by each worker at the commencement of each day of titrations by using a fresh 

bottle of secondary standard and finding the value of V c as a mean of five 

determinations having a spread less than 0.025. A check of Vc should be made 

every 1 - 2 hours throughout the day or after every major break in the titration 

routine that may occur during the day. If the value of Vc, as obtairred, differs 

by more than 0.025 from the previous mean value a new table for Cs should be 

constructed using the mean of a fresh set of five Vc determinations. 



Temperature Correction Table 

Temperature Difference TAg - TC1 Temperature Difference TAg - TC1 

C111 5 4 3 2 1 0 -1 -2 -3 -4 -5 

16 0.021 0.017" 0.013 00009 0.004 0.000 0.004 00008 0.011 0.014 00017 

1605 .021 .017 .013 .009 .004 .000 .004 .oos .012 .015 .018 
I 

17 .022 .018 .013 .009 0004 .000 .005 .009 .013 .016 .019 I=! 
i 

, 
, 

17., ,,023 .018 .013 .009 .004 .000 .005 ,,009 .013 .016 .020 

18 .. 024 .019 .015 .010 .005 .000 .00, .009 .013 .016 .020 

18., .02, .019 .015 .010 .00, .000 .005 .010 0014 .017 .021 

19 .026 .020 .015 .011 .005 .000 .005 .010 .015 .018 .022 

19.5 .027 ,,021 .016 .011 .005 0000 .005 .010 .015 0019 .023 

20 .028 .022 .017 .011 .006 .000 .006 .011 .016 0020 .024 

Subtract Correction No Correction I Add Correction 

'--- ----

, 
- -.~ - -
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Approved June. 1957 Standard Method Noo Salo 20Ao 

FISHERIES RESEARCH OOARD OF CANADA 

Pacific Oceanographic Group 
Nanaimo, BoCo 

DETERMINATION OF SALINITY BY SILVER NITRATE TITRATION 

(STANDARD PRECISION METHOD) 

(File N 7-1-5 June 30, 1957)0 

Definitions 

Ao Chlorinity 

Halogen ions in sea' water are normally estimated by argentimetryo To 

prevent ~biguity arising from changes in the accepted atomic weights of 

silver and chlorine the chlorinity, Cl 0/00, of sea water is ~efined as 

003285234 times the weight of silver precipitated as silver halides from 1 kg. 

of sea water, all weighings being in vacuo,. 

Bo Salinity 

The salt content of sea water is usually expressed as salinity, S %.J 

a convention which approximates to the weight in grams, in vacuo, of the solids 

obtained from 1 kgo of sea water (weighed in vacuo) when the solids have been 

dried to constant weight at 480· C, the organic matter oxidized and the bromide 

replaced by an equivalent amount of chloride. Ocean water contains slightly 

more salts (halogens, carbonate and bicarbonate) than is expressed by its 

salinity value. In practice, the salinity is defined in terms of chlorinity 

by the Knudsen equation: 

S 0/00 = 0.030 + 1.8050 Clo/u o 

Co Chlorosity 

~his value, Cl/l(t), is the quantity determined by volumetric methods 



-14-

and is defined in the same manner as chlorinity except that the sample unit 

is 1000 ml .. of sea water at a stated temperature rather than 1 kg. of sea 

water weighed in vacuoo 

A" Capabilities.2.f~. Method 

Range S %0 5 - 45 

The following data are based on a statistical treatment of results 

obtained by skilled operators in a shore-base laboratory, using the procedure 

exactly as described. 

10 Precisi.on..!1? the .lQ. 0/o,! Salin:.1b- Level 

The aorrect value~lies in the range: Mean of ndeterminations 
+0_Sl6 • / .. 
"" nl/~ .. ", 

Reject duplicate determinations if the titrations differ by more than 

0,,06 ml ... If ~he dupliqate titrations differ by less than this, take a mean 

value. 

Note\" The above statistical data. apply at the 0.05 probability level, ioe", --:-

the odds are 19 to 1 in their f~vour. By this criterion two samples of sea 

water cannot be considered to be significantly different in salinity unless 

the values differ by more than 0011 0/ •• if the same standardization correc­

tion is used (see SeQtion H below) or by more than 0,,12 % 0 if different 

standardizations have been employed (single sample titration in both cases) 0 
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Bo Outline of Method 

The halogens in a 10 ml. volume of sea water are determined b.Y titra­

tion with a silver nitrate solution using a chromate end-point, the Mohr 

titration. The silver solution is standardized against the same volume of 

sea water of known chlorosityo 

C.. Special Apparatus .!!!S! Equipnent 

An automatic 10 ml. pipette and an automatic, zero adjusting, 25 ml. 

burette are required. An automatic dispenser of diluting solution, containing 

the chromate indicator, is advantageous. The titration is carried out in a 

200 mlo tall-form beaker, with rapid mechanical stirring, against a white 

background in "yellowtl artificial light from an ordinary elec.tric light bulbo 

D. Special Reagents !lli! Solutions Required 

1. Standard ~ Water 

Prepare a large volume (10-20 liters) of a standard consisting of 

filtered sea water (preferably collected below 50 m. in the open ocean) with 

a chlorinity exceeding 18 ·/00 0., This sample is stabilized by adding a few 

crystals of thymol and is then rapidly filled into sample bottles (see Section 

E). Every tenth bottle is opened and analysed in duplicate, using Standard 

Method No .. SaL loA. The mean of ten or more such duplicates is taken as the 

chlorosity (20· d) of this standard sea water which may be used for both the 

present method and Standard.Method Noo Sal. loA. 

2. Silver Nitrate Solution (Approximately 0.275 1.0 .. 
Dissolve 48 g. of good quality silver nitrate for each liter of final 

solution. Use distilled water and store the solution in a dark bottle. It is 

desirable to make this solution in units of at least 20-40 liters when large 

numbers of solutions are to be analysed. This solution will require dilution 



with a few per cent of water to bring it to the desired strength, as des-
, 

. ¢ribed in Section H. The solution should be well mixed in the bottle once 

each d~ or prior to each batch of titrations • 

.3 • Indi'cator-Diluent ' Solution 

Dissolve ,3.5 g. of analytical quality potassium chromate"K2Cr04, in 

each liter of distilled water. 

E. Sampling Procedure ~. Sample storage 

Use standard flat 8-ounce medicinal bottles for collecting, shipping 

and storage of samples used for salinity determinations. The bottles"manu­

factUred for use with size no. 6 corks should be used. The corks are soaked 

tor 30-40 seconds in melted paraffin wax and drained and dried by placing 

t}1.ma on a wire screen. Extruded excesses of wax are removed. The bottles 

are riIlJed thoroughly three times with the sample and then filled to the 

shoulder. They are sealed by forcing the waxed corks down to a few mm. below 

the level of the neck. A further seal should be _de witltin a few days by 

dipping the neck in melted wax. No changes in salinity ~ll then result over 

Ii. period of many years. 

'When these bottles, or the containers of standard water, are opened 

the salinity determination must be carried out within a fewminutea. Repeat 

determinations on re-corked bottles should t:lot be delayed' tor more than 

about one hour. 

F. Experimental 

Add 10 ml. of sample to a 200 ml. spoutless tall-form beaker by 

means of the automatic pipette and add 15 ml. of indicator-diluent solution~ 

Titrate the solution from the 25 ml. automatic burette and switch on the 

mechanical stirring after about 8 ml. have entered the beaker. About one 
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ml. before it is judged that the end-point is reached, rinse the sides of the 

beaker and stirrer with a little distilled water from a wash bottle. 

As the end-point approaches, the localized red precipitate formed b.1 

the silver solution will begin to spread throughout the solution. At the end­

point the pale greenish-yellow colour of the contents of the beaker changes 

to a full yellow and then becomes a definite pale red as the end-point is ex­

ceeded. The exact point is largely subjective and errors in its estimation 

are allowed for to some eitent in the standardization procedure (see Section 

H). However, the permanence of any supposed end-point should be checked by 

slowly counting to five. If the colour is not permanent a further small drop 

of silver nitrate solution should be added. Record the burette reading im­

mediately to the nearest 0.01 of a mI. Note the average temperature of the 

samples Tel for each titration period of 1-2 hours (say every 20-30 samples) 

by a thermometer placed in a tightly packed case of bottles that has already 

equilibrated with the laboratory temperature. Note the average temperature 

of the silver nitrate solution TAg during the same period by a thermometer 

placed in a small tube through which the solution flows before entering the 

burette. If possible, TAg should be kept greater than "TCI and the difference 

between the two should not exceed 50 Co 

The following routine has been suggested as a meansof'attaining maxi­

mum speed in the analysis of a batch of samples when a supply of suction for 

the pipette and pressure for filling the burette and indicator-diluent dis­

penser are available. A small sink and supply of distilled water for rinsing 

beakers should be available to each analyst. 

Whilst the bulk of the silver nitrate is running into the previous 

sample being titratedt 

1. Fill the pipette with the sample, having noted its temperature. 
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2. Fill the indicator-diluent solu~ion dispenser. 

3. Rinse the beaker, which has been left draining after the second last 

titration. 

4. Close the pipette and indicator-diluent dispenser as these became full. 

5. Remove the sample bottle from under the pipette with one hand and, at 
. . 

the same time, dry the stem and tip of the burette by a small piece of 

rag or absorbent tissile held in the other hand. 

6. Place the 200 ml. beaker under the pipette and under the indicator-

diluent dispenser simultaneously, and open the taps tq allow these 

two solutions to enter the beaker. 

Whilst the pipette is emptying and draining, complete the titration of the 

previous sample and remove the cork from tbe next sample to be analysed. 

7. stop the stirrer and record the titration. 

8. Remove the beaker from under the burette and invert it in the sink to 

drain. 

9. Touch the tip of the pipette on the side of the beaker to empty it 

properly and then transfer this beaker, containing the sample and in-

. dicator, from beneath the pipette to beneath the burette. 

10. Fill the ·burette with silver nitrate solution and start the titration. 

11. Commence the cycle again at 1, above. 

G. Calculations 

Let V be the reading of the burette, taken to two decimals. 

Let Cb be the burette correction (positive or negative). This depends 

on the magnitude of the titration and is given by the manufacturers ;01' 'shoulet, 

be determined (see standard text books on analysis). It should rarely exce~d 

+ 0.05 ml. 

Let Cs be the standardization correction, obtained as described in 



Section H. This correction should not exceed 0.1 mlo 

Calculate the chlorosity at temperature t (see below) from the expres-

sion: 

Evaluate the salinity from this chlorosity value from the tables of 

Pickard. These give the relation between Cl/l and S 0/00 at various tempera­

tures using a conversion of Cl/1(t) to Cl % 0 b.Y the graphical method of 

Carter and Tully (J. du Conseil 12, No.1, 1937), and the conversion of Cl 0/00 

to S 0/ •• by the Knudsen equation. Corrections are given in this table for 

t = 15 0 C and t = 20·C from values calculated at 17.5° Co Calculate: 

for the chlorosity temperature and enter the table at 15· C, 17.5° C or 20· C 

whichever is the nearest. t should rare~ exceed 22.50 C which maybe read 

as 20· Co 

A temperature corre~tion Ct may be made, as in Standard Method No. 

Sal. 1.A but the precision of the technique and the requirement for maximum 

possible speed does not merit this refinement. 

H. Calibration. Determination of ?tandardization Correction fa 

10 Adjust the strength of the silver nitrate solution (by adding small 

amounts of water to the solution prepared as in Section D02, until the value 

of: 
Vc = V + Ob 

is within 0.1 or less of the chlorosity of the standard at 20° a (expressed 

in mlo as Va). 

20 Evaluate Vc as the mean of five determinations, having a spread less 

than 0006 ml., each day before commencing a batch of analysis. 

30 The standardization correction, as, for any determination will depend 

upon the value of Va - Vc , obtained above, and the magnitude of V for the 
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the particular determination. Calculate correction intervals, \T , given 

by the formula: 

The experimental values of V are classified according to the number of multiples 

of V- that the~ contain and the Cs values are read from a table constructed 

by each worker, of the form: 

0,,00 - LI 

tr - 2 V-

2lr -3/r 

3tr -4v-

Qa 

0,,000 

(Va - Vc)· t[ 
Vc 

2(Va-Vc)·~ 
Vc 

3(Va - Vc). tC 
Vc 

Values of Os should be calculated to the nearest 0.01 ml. 
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Approved July? 1957 standard Method Sal. 3.A. 

FISHERIES RESEARCH BOARD OF CANADA 

Pacific Oceanographic Group 
Nanaimo, B.C. 

DETERMINATION OF SALINITY BY COf)JDUOTIVITY MEASUREMENT 

(File N 7-1-5 July 31, 1957) 

Definitions cf 0 Addendum No 0 b ~ 400 
i -

A. Ohlorinity 

Halogen ions in sea water are normal~ estimated by argentimetryo 

To prevent ambiguity arising from changes in the accepted atomic weights of 

silver and chlorine the chlorinity, Cl 0/ 00 , of sea water is defined as 

0.32S5234 times the weight of silver precipitated as silver halides from 

1 kg. of sea water, all weighings being in vacuo. 

Bo ~linity 

The salt content of sea water is usually expressed as salinity, 

S %0, a convention which approximates to the weight in grams, in vacuo, 

of the solids obtained from 1 kg. of sea water (weighed in vacuo) when the 

solids. have been dried to constant weight at 4S0· 0, the organic matter 

oxidized and the bromide replaced by an equivalent amount of chloride. 

(Ocean water contains slightly more salts (halogens, carbonate and bicar­

bonate) than is expressed by its salinity valueo) In practice, the salinity 

is defined in terms of chlorinity by the Knudsen equation: 

S 0/00 = 0.030 + 1.S050 Cl °/000 



A. Capabilities of the Method 

Range S 0/00 27 - 42.5 

The following data are based on a statistical treatment of results 

obtained by skilled operators in a shore-base laboratory, using the procedure 

exactly as described. Data obtained under sea-going conditions are awaited 

but are not expected to be very different from those given below. 

1. Precision at ·the 35 0/00 Salinity Level 

The correct value lies in the range: Mean of duplicate determinations 

+ 0.004 0/00 • 

Reject duplicate determinations if the readings of the salinometer 

differ by more than 0.14 using different cells or by more than 0010 using 

the same cell. If duplicates differ by less than these amounts, take a mean 

value. 

~~ The above statistical data apply at the 0.05 probability level, ioe., 

the odds are 19 to 1 in their favour. By this criterion two samples of sea 

water cannot be considered to be significantly different in salinity unless 

the values differ by more than OoOOS 0/000 

B. Outline.2f Method 

The sample is placed in a conductivity cell in one arm of an AC 

conductivity bridge and its resistance compared with the resistance of a 

reference cell containing sea water which is placed in another arm of the 

bridge. The resistance of sea water of known salinity is then similarly 

compared with the resistance of the reference cell and from these values the 

ratio of the resistance of the unknown sample to.the resistance of sea water 

of known salinity is obtained. Using this ratio and a calibration curve the 

salinity of the sample can be evaluated" 
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C. Special Apparatus~ Equipment 

The conductivity salinometer used by the Pacific 0ceanographic Group 

is required for this method. The salinometer consists, essentially, of a 

high precision conductivity bridge and a constant temperature bath contain­

ing up to seven specially designed conductivity cells. The procedure for 

filling cells and taking a measurement with the bridge is fully described in 

the following method. The constant temperature bath is nor.mally run below 

room temperature by means of a heating system working against refrigeration. 

Once adjusted the bath requires little or no attention. Directions for ad­

justing the bath temperature to any desired value are given in Section KG No 

other special equipment is required but the temperature of the laboratory in 

which the salinometer is used must be greater than the bath temperature em­

ployed (5° C or 15° C). 

D. Special Reagents and Solutions Required 

10 Standard Sea Water 

The primary standard for this method must be a sample of Eau de Mer 

~ormale with the stated Cl %0 value (near to 19.38) obtained from the 

Depot dlEau Normale at Charlottenlund Slot, Charlottenlund, Denmark. To 

conserve this primary standard, it is essential that a large volume (20 -

40 liters) of a secondary standard be prepared, as standard sea water is 

required to the extent of at least 1 1/2 liters a working day. The secon­

dary standard should, if possible, have a salinity exceeding 32 %0 and 

should be filtered and stabilized by adding a few small crystals of thymol. 

It is stored in a carboy under a layer of paraffin oil from which it may be 

syphoned to reach the cells in the salinometer. The salinity of the ~econ­

dary standard is determined using the salinometer and Eau de Mer Normale by 

the procedure described in Section Ho 
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2. Sea ~vater for the Reference Cell. 

The salinity of the sea water used for the reference cell in the 

salinometer need not be known but it is desirable to use a sample of water 

with a salinity near tp that of the samples being analysed (within 2 to 3 

parts per thousand). An extra pottle of water from a cast may be set aside 

for'this purpose or, if the salinities being measured are near to that of 

the secondary standard, see above, this water may also be used to fill the 

reference cell. 

E" Sampling Procedure and Sample storage 

Use standard flat a-ounce medicinal bottles for collecting, shipping 

and storage of samples used for salinity determinations" The bottles nianu­

factured for use with size no. 6 corks should be used. The corks are soaked 

for 30-40 seconds in melted paraffin wax and drained and dried by placing 

them on a wire screen. Extru<:ied excesses of wax are removed. The bottles 

are rinsed thoroughly three times with the sample and then filled to the 

shoulder. They are sealed by forcing the waxed corks down to a few mm. 

below the level of the neck. A further seal should be made within a few 

days by dipping the neck in melted wax. No changes in salinity will then 

result over a period of many years. 

When these bottles, or the containers of Eau de Mer Normale, are 

opened the salinity determination must be carried out within a few minutes. 

Repeat determinations on re-corked bottles should not be delayed for more 

than about one hour. 

F" Experimental 

Procedure 

1. Switch on bridge and bath and allow sufficient time for the bath to 
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reach temperature (Note a). Adjust the bath temperature to 15° C unless the 

average temperature of samples, immediately prior to measurement, is less than 

about 8° C when a bath temperat~e of 5° C should be used. The 5° C tempera­

ture is also necessary if the laboratory housing the salinometer cannot be., 

maintained at a temperature above 15° C (see Note i). It is best to stan­

dardize on one temperature during a cruise and when once adjusted the bath 

requires little or no attention (Note b). The bath temperature should be 

checked and the value noted, by reading the thermometer every hour, as a pre­

caution against a failure in the heating or refrigeration units going un"': 

detecte~ for a prolonged period. 

2. Zero the meter on the bridge by turning the meter gain to zero (fully 

counterclockwise) and adjusting the meter zeroing knob. Turn the meter gain 

three-quarters full up by rotating the knob in a clockwise direction. Adjust 

the eye by turning the gain to zero (fully counterclockwise) and adjusting 

the "adjust" knob until the eye opens a few degrees. Turn the gain up one­

third of a turn clockwise (Note c). 

3. Change the solution in the reference cell (marked R)$ if necessary$ 

(Note d) with a suitable supply of sea water (see Section D.2). 

4. Determine the cell constant for each cell$ if necessary, (Note e) 

using the secondary standard sea water (see Section H) 0 

5. Commence a sequence of measurements by rinsing and filling cell No. 

1 and progressing thus to cell No.6 in an anti·-clockwise direction (Note f). 

Take the reading on cell No. 1 at least 15 minutes after filling this cell 

(Note g). Empty and rinse the cell, fill it with the next solution to be 

analysed and then take a reading on cell No.2. Proceed in this fashion 

(Note f) round the ring of cells in an anticlockwise direction noting the 

time that each cell is filled and the time that the measUrement is 
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subsequently made and checking that the time interval is never less than 15 

minutes. Do all samples in duplicate, using a different cell for the repeat 

(Note h). Full details follow:.-

Rinsing and Filling 

Remove the cell stopper and fasten the tubing from the suction pump 

to the cell outlet. Press the pump activator until the cell is emptied. 

Turn off the pump and fill the cell with the solution to be analysed by 

using a small polyethylene funnel or by pouring the sample from a polyethy­

lene beaker. A jigger (liquor dispensing unit) can also be used, being 

corked into each sample bottle in turn, but a small length of rubber tubing 

must be placed on the spout to give a flexible coritact with the cellso 

Rinse the stopper an~ the mouth of the cell during this operation. Again 

empty the cello Fill the cell with sample until it appears above the level 

of the luci te bath cover. Pinch the pump tubing by the finger and thumb and 

turn on the pump. Gently release the pressure on the tubing until the liquid 

in the cell is sucked down jUst level with the lucite bath cover (Note i). 

Stop the pump and replace the cell stopper. Remove the rubber tubing from 

the cell outlet. The above procedure, rinsing once, is adequate for most 

routine work. If, however, two samples, or a sample and standard sea water, 

are known to differ by more than about 5 0/00 an extra rinsing cycle (empty 

and fill) should be included. This extra cycle should always be used when 

cell constants are determined and whenever a cell full of sea water has stood 

for more than about one hour, such as over a meal break (Note j)o 

Taking a Reading 

Plug lead A into the mercury cups of the reference cell (marked R). 

Plug lead B into the mercury cups of the cell contatning the sample to be 

measured (cells marked 1-6)0 Dial on Arm B of the bridge the value of the 
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cell constant for the cell concerned to two decimal places. Check that the 

dial marked in 0.001 ohm units is at zero. This dial is never touched. With 

the Ileye ll gain half on and the meter gain 3/4 on (see 2. above) adjust the 

resistances on Arm A, starting at the 100 ohm dial and moving to the left, 

until the best balance is obtained on the meter down to the dial marked in 

0.01 ohm units. See that the dial marked in 0.001 ohm units is always read­

ing zero. This dial is never touched~ Now check that the switch is to "cap 

off" and turn the left hand side capacity knob until the lIeye lt is open as far 

as possible. Readjust the 0.01 ohm dial until the meter is again balanced. 

Check that the IIey-e ll is fully open and, if not, tune the capacity again and 

once more zero the needle with the 0.01 ohm dial (Note k). If the meter 

does not zero exactly use the 0.01 ohm setting which gives the least meter 

deflection. Note the reading immediately (Note 1) and write down this read­

ing. In addition write down the cell constant showing on Arm B in a record 

sheet opposite the cell number, the sample number, the time of filling the 

cell and the time of taking the reading. 

Notes 

a. The bridge requires only about a minute warming perio<;i (when the 

lIeye lf should be fully lit) and should be switched off when not in use. The 

bath requires at least an hour to reach thermal stability at 15 0 C or 50 C 

and: should be left on overnight when in continual use. For shut-down periods 

exceeding 24 hours, turn off the heating, stirring and refrigeration units. 

If a prolonged shut-down is envisaged the refrigeration coils should be 

emptied (see Section K). 

b. For details of the proce~ure used to change the bath temperature see 

Section K. 
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c~ The meter should be zeroed each time the bridge is switched on but 

is generally stable1 thereafter, for many hours. The bridge is perfectly 

balanced when the e,re is fully open. This point is most easily detected when 

the maximum opening is restricted by the lIadjustll knob to be only a few 

degrees, but the exact amount is a matter of personal preference. 

d. The reference cell should be closed at the exit end with a small 

rubber cap (policeman). If the top half of the glass stopper is greased 

with silicone grease (~ lightly) the water in this cell need not be changed 

more frequently than about once a week unless the average salinity of the 

samples being measured is known to change markedly. It is desirable (see 

Section Do2.) for the salinity of the water in the reference cell to be within 

2 to J %~ of the sample salinity. 

e. The cell constants for all the cells must be determined every time 

that the water in the reference cell is changed. They must also be determined 

first thing at the commencement of each day1s work and last thing before the 

apparatus is closed down at the end of each day's work. In addition, the con­

stant of one of the cells, chosen at random, is determined at approximately 

two-hour intervals throughout the working day. If this constant changes by 

more than 0.1 from its previous value the cell constants for all the cells must 

be re-determined. 

f. The circulation of the bath is such that when a cell is filled with 

sample solution, which may be 100 C or more different in temperature from the 

bath fluid, this has no effect on the temperature of the adjacent cell in an 

antic.lockwise direction. The adjacent cell in a clockwise direction, however, 

is affected slightly for a period of a few minutes. When cell No.1 is filled, 

therefore, it is best to wait 2 to J minutes before taking a reading on any 

other cell as the temperature of the reference cell (R) may be slightly 
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disturbed. 

g. The main purpose of comparing the conductivity of the sea water sample 

with that of another sea water sample in the reference cell is that the tempera­

ture sensitivity is greatly reduced. Both water samples change their con­

ductivity in an identical and parallel manner. However, both sample and refer­

ence cell must be at an identical temperature (to within 0.002° C or better) 

and to ensure this each new solution must be allowed to stand in the cell for 

at least 15 minutes. If the sample temperature is initially more than 100 C 

from the bath temperature 18 minutes should be allowed for thermal equilibrium. 

ho The main purpose of a duplicate is to ensure that serious errors are 

not encountered due to an "error in rinsing procedure or due to bubbles being 

trapped in the cell. For the acceptable deviation of duplicates see Section 

Ao 

i. The resistance of the electrolyte in these cells is not entirely in­

dependent of the level of the liquid in the filling arm, even when this level 

is many cm. above the top electrode. The level must, therefore, be reprodu­

ciblefrom sample to sample and be the same as the level used when the cell 

constant was measured. The exact level is unimportant, provided that it can 

be reproduced to within 0.5 cm. or a little better, but experience indicates 

that it is not good practice to fill the cell right up to the ground glass 

stopper. The top of the lucite bath cover provides a useful reference level. 

Once the cells have come to temperature the liquid abov~ the level of the bath 

should not be disturbed as it iS,not at bath temperature. An air-tight cell 

stopper ensures that ship's movement will not disturb the contents of the cell 

and, provided that the laboratory temperature always exceeds 15° C, there will 

be no convection of the warmer upper layer in the cell when the bath is at 15° 

c. A similar reasoning applies at a bath temperature of 5° C. Having a 
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refrigerated bath also minimizes the formation of nitrogen bubbles on the cell 

electrodes which may form if the sea water temperature is, raised by more than 

about 10· C from its in situ temperature. 

j. For reasons that are not yet fully understood, cells that have stood 
" 

for several hours, or overnight, with sea water may require more rinsing than 

normal before they regain the highest possible reproducibility of resistance. 

ko The capacity of the bridge network should be capable of being balanced 

by the extreme left-hand knob. The other (decade type) capacitors are used 

with the switch set to IIArm A" or I1Arm B" but should it be necessary to employ 

these capacitors the cell electrodes have probably deteriorated and should be 

replatinized (see Section J) 0 

10 The lead marked A may be kept permanently in cell R but the measuring 

lead, B, should be placed in the appropriate cell only just before a measure-

ment is made. The current passing through the cell whilst the bridge is 

balanced may cause very slight heating and for this and other reasons th.e 

reading on Arm A may change slowly with time (a few units in the 0.01 ohm 

range) • When making a measurement on solutions (or determining the cell con­

stant, see Section H) it is best to note the first resistance balance that is 

obtained and not attempt to obtain a value that is strictly constant with 

time. 

G. Calculations 

Variations in the conductivity of the reference cell and variations in 

the behaviour of the sample cells are eliminated by frequent determinations of 

the cell constant (Section H) so that the readings in Arm A are always 

lInormalizedl1 and are directly usable for the determination of salinity. The 

readings of Arm A are inversely proportional to the resistance of the sample 

cell and hence proportional to the conductivity of the sample. 
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Over a relatively small range of salinity values the conductivity, 

expressed as the reading R or Arm A, is related to the salinity of a sample 

by an expression of the formt 

S 0/00 "" 0<. +,B & + Y &2 + ••• 0 • 

where ~,p and yare constants and higher powers of Roan be neglected 0 

The nature of the bridge is such that residual resistances remain in 

Arms A and B even when the dial readings are zero. For this reason, the oon­

stant 0< depends on the bridge being used and cannot be assigned an absolute 

value. Because ofth.e very high precision attempted in this method the con­

stant /3 will also inoorporate the slight relative inaoouracies of the nominal 

resistances in Arm A and Arm B of the bridge and will therefore depend upon 

the bridge being used. An empirioal calibration must, therefore, be made with 

every bridge. The slope of the salinity/oonduotivity ourve changes with tempera­

ture, about 0.05% per ·0, and a calibration is therefore required for each bath 

temperature. The bath temperature must be re-set, each time it is changed, to 

within about ± 0.20 0 of its nominal value. 

For convenience a salinity of 35.000 0/.,. has been arbitrarily assigned 

an & value of exaotly 700.00 ohms on Arm A and" using this arbitrary fix, a 

careful calibration against sea water samples of known salinity has resulted 

in the following equations relating S 0/00 and R at 50 0 and 15- 0 respec-

tive;I.:y: 

where 0 is a correction term from linearity that is the same at both 50 0 and 

Salinities .oan be E1valuated by one or the other of these equations, 
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according to the bath temperature, reading the small correction, C, from the 

parabolic graph of the functiom 

C = 4094 x 10=6 x (R-644)2 - 0.015. 

For values of R between 500 and 755 (S o/u about 26.5 - 37.5) the salinity 

values may be read from the accompanying table which evaluates the relations: 

S 0/00(50C) = 4.74075 + 000397732.R + 4.935S x 10-6 oR20 

S 0/00(150C) = 4.53653 + 0.0400649.R + 40935S x 10-6 0R2
o 

These equations and tables apply as from July, 1957 but may be changed as a 

result of subsequent calibrations and will be issued as addenda to this 

method. 

~. The salinities derived from the above equations or from the accompany­

ingtables are directly comparable with the salinities derived from chloride 

titration and the use of the Knudsen for.mula (see Standard Method No. Sal loA). 

In calibration the assumption was made that the conductivity of solutions is a 

function of their chlorinity when they are diluted with distilled watero The 

corresponding salinities were then evaluated from the Knudsen equation. 

H. Calibration 

1. Determination of Cell Constant 

1. Fill cells 1 to 6 with secondary standard sea water rinsing twice 

(see Section F05 and Notes e, g, and j). 

20 Set Arm A to the correct R value for the salinity of the secondary 

standard at the given bath temperature. Ensure that the 00001 ohm switch on 

both Arms A and B are at zer~ 

3. Balance Ar.m B in exactly the same manner as described for the 

balancing of Ar.m A in Section F.5 (see also Note I). 

4. Note the value of Arm B and take this as the cell constant applying 
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to all subsequent samples put in this cell until the next cell constant deter­

mination is made. If this subsequent determinatio~ shows a statistically sig­

nificant change of constant it is doubtful whether the practice of correcting 

the sample readings between the two standardizations (by taking a Ilmean value lt 

cell constant or a linearly interpolated value) has much justification unless 

the exact form of the cell constant variation is knowno With good experimen­

tation the constant should change very little over a period of a few hours and 

for work of the highest precision there is no substitute for making frequent 

evaluations 0 

2. Evaluation of the Secondary Standard Salinity 

10 Undertake this determination only when the bridge and bath are 

working in a trouble-free manner. 

2. Choose three sample cells, either at random or the three most 

stable cells if any behaviour differences are suspected. Rinse these cells 

three times and finally fill them with Eau de Mer Normale (see Section F.5). 

3. Allow these cells at least 15-20 minutes to come to thermal 

equilibrium with the reference cello 

4. Set Arm A to the R value for the salinity of the Eau de Mer Normale 

wh~ch is calculated from the stated chlorinity value and the Knudsen equation 

(see the Definitions at the beginning of t~is method). The salinity must be 

calculated to the fourth decimal place to enable R to be calculated to the 

nearest 0.01 ohm. 

5. Balance the bridge for each cell to determine the cell constant 

as described in Section G.l above. 

6. Without delay empty the cells and rinse them three times with the 

secondary standard and finally fill them with this standard (see Section F.5)o 
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7. Set Arm B to the ceil constant value for each cell, just evaluated, 

and after 15-20 minutes balance Arm A. The three values for the reading R 

thus obtained should have a spread not exceeding 0.15. If the spread is 

greater the standardization should be repeated, if not, take a mean R value 

of the three determinations. 
, 

go Evaluate the salinity of the substandard from the mean R value and 

the equations or table (see Section G). This value is used for the carboy of 

secondary standard sea water and must be re-determined for each new batch of 

this standard. 

~. It is known that a very small number of Eau de Mer Normale ampules 

contain water the salinity of which is not that calculated from the stated 

chlorinity values. The operator must be constantly on guard against this 

possibility. More than one bottle of Eau de Mer Normale is required for the 

standardization of the secondary standard so that a "rogue ll bottle should be 

detected by the apparently poor agreements of one cell when compared with the 

other two cells. 

J. Care i!!E. Maintenance £! the Conductivity Cells 

1. General 

The electrodes in the conductivity cells must never be allowed to dry 

or the cell be empty of water for more than a minute or two. Sea water may be 

left in the cells overnight or for a similar period of shut-down but for 

longer intervals fill the cells with distilled water (having first rinsed out 

salt water with one or two filli.ngs) and close the exit end of the cells with 

a small rubber capo 

2. Detection of Electrode Failure 

Apart from breakage or the severence of electrical contact~, both of 
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which are easily detectable, the only other likely defect that will develop 

in a cell is the deterioration of the surface of the two platinum electrodes. 

If the cell constant of a particular cell changes markedly with respect 

to ~ other cells the cell is suspect. The most likely changes, however, will 

be found to occur in the capacity balance of the bridge which will become 

steadily larger as the electrodes of a cell deteriorateo Although it may still 

be practicable to balance the bridge network the resulting resistance is no 

longer of necessity a correct measure of the resistance of the sea water in 

the cello The electrodes themselves contribute a resistance Rp known as the 

polarization resistance which is normally negligible but which increases to a 

~ignificant amount as the electrodes deteriorate. Whereas the resistance of 

the sea water, R, should be independent of the frequency of the alternating 

voltage applied to a cell the Rp value depends on the frequency and may be 

detected b.r measuring the total resistance R + Rp, at two different frequencieso 

For this purpose the 400 C.PoS and 1000 CoP oS. (1 koco) switches are available 

on the bridge. 

Once every week, or whenever the equipment is used after a shut-down 

period, or whenever a cell is suspect for any reason the cell constant should 

be checked using 400 C.P.S. immediately after the usual determination at 1 koCo 

If the values so obtained differ by more than 0.2 ohms (the value at 400 C.P.S. 

will be greater) the cell requires replatinizationo 

30 Replatinization of Cells 

The cells must be removed from the bath for replatinization. 

Clean off the old platinum black coating by immersing the electrodes 

for a few minutes in a mixture of one part by volume of nitric acid and two 

parts by volume of hydrochloric acid which has been prepared a few hours 

before use. Rinse the cell two or three times with distilled water to remove 
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the cleaning fluid and then fill the cells with a solution containing 1 per 

cent b,y weight of platinic chloride, 0.03 per cent b,y weight of lead acetate 

and 2 to 3 ml. of normal hydrochloric acid per 100 ml. Place a small sheet or 

platinum foil about 1 em .. long and 2 to 3 mm. wide on a platinum wire down into 

the cell and through the hole in the back of the top electrode. With this foil 

in the core of each electrode (but not touching) pass a direct current of about 

0.25 amp. for 1 to 2 minutes making the cell electrode the cathode. The in­

terior of the electrodes and some of the back surface should then attain a dull 

grey coating. Empty the platinizing solution from the cell (retaining it for 

future use) and rinse once with distilled water, discarding the rinsing. Fill 

the cell with a 2 per cent by volume solution of sulphuric acid, insert the 

auxiliary electrode as described above and IIclean" each electrode b,y passing 

a current of about 0.25 amp. for 1 to 2 minutes making the cell electrode the 

cathode. Finally rinse the cell three times with distilled water, replace it 

in the bath and fill with sea water. Test the cell constant again at 400 C.P.S. 

and 1 koco and check that the resistances so obtained differ by much less than 

002 ohm (the difference should generally be undetectable.) 

K. Adjusting 1ill:. Bath Temperature 

Full details of the construction and maintenance of the refrigeration 

and heating unit of the bath are not in the scope of this method 0 It will be 

neces.sarYi however, to check and change the bath temperature from time to time 

and to pump refrigerant from the bath cooling coils prior to a prolonged shut­

down period. Instructions for these operations are as follows:-

10 Shut-down and Start-up Operation 

~. The switoh on the voltage stabilizer unit (at the back of the 

main panel) and the switch on the Electron-o-Therm heater control (above the 

main panel) should be kept permanently at "onll • The main power supply can be 
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kept permanently alive but must have a good earthing. 

For a short period shut-dotin (maximum 2 days, ioe., a week-end) switch 

off the "Pump", "Stirrer ll , "Heaters", ItVoltage Regulator" and "Refrigeratorlt 

switches on the main panel. To start up again switch on the "Refrigerator lt , 

"Pump" and "Stirrer" switches. Then turn on the "Voltage Regulator" switch 

followed one minute later by the "Heaters" switch. Wait until the thermometer 

in the bath registers the required temperature (this may take several hours) 

and then allow a full hour after this for the bath to reach thermal equilibrium. 

For a long period shut-down the refrigerant must be emptied from the 

coils in the bath and pumped into the reservoir of the refrigerator unit. To 

accomplish this, close the liquid line shut off of the refrigeration system by 

turning the yellow valve fully clockwise. Allow the system to pump until the 

motor stops. Turn off the oval red needle valve (fully clockwise)~ Open the 

blue and cream coloured valves when the readings should be equal and a few 

pounds above zero. The Sight glass should be empty of refrigerant. Turn off 

the "Pump", "Stirrer", "Heaters", "Voltage Regulator", "Refrigerat~orlt and 

"Main Power" switches. Close the blue and cream valves. To start up again 

switch on the "Main Power", "Refrigerator", npump" and nStirrer" switches. 

Open the yellow valve of the refrigeration system (fully anticlockwise) and 

the oval red needle valve half a turn anticlockwise. 

Finally adjust the bath temperature by the procedure given in the 

following:-

2. Bath Temperature Adjustmen~ 

General. The electrical and refrigeration system is either already 

turned full on or it is turned on as described in the last paragraph. Switch 

on the "Voltage Regulator" switch followed one minute later by the "Heaters" 

switch. Open the orange valve and check that the pressure is around 90-110 



lbs. Close the orange valve. Open the cream valve and check that the pressure 

is around 40-50 lbs. Close the cream valve. Open the blue valve and keep this 

open during the temperature adjustment. The reading on the dial should read 

about 20 lbs. (always lower than the pressure on the gauge above the cream 

valve) when the refrigerator motor switches on and should decrease to a few 

~bs. above zero before the motor switches offo This valve must never read 

below zero or the refrigeration system will be under vacuum and oil or moist 

air may leak into the pipes. The two silver coloured valves on the refrigera­

tion panel are not used. They must be kept fully closed and never touched. 

The pressure switch on the refrigeration panel is never touched. 

To lower the bath temperature switch off the 'ttHeaters" switch. Turn 

the oval red needle valve half a turn or more open and let the refrigeration 

take the bath temperature down to about 0.5 0 C lower than the desired tempera­

ture. Continue as in the next pa.ragraph. To raise the bath temperature switch 

off the< "Refrigerator" switch and turn up the Powers tat on the Electron-o­

Therm heater control to read S5 and leave it there until the temperature is 

about 0050 C lower than the desired temperature • Switch on the "Refrigerator" 

switch and then continue as in the next paragraph. 

Adjustment. When the bath temperature is 0.5 0 C or a little less be­

low the required temperature (5° C or 15 0 C) have the refrigerator units and 

heaters on, put the Powerstat to read about 50 and turn the oval red needle 

valve about one-eighth to one-quarter turn on (anticlockwise). Watch the 

the~ometer carefully until the temperature is exactly correct and then im­

mediately turn the Powerstat to zero (Where it must always remain whilst the 

ba.th operates) and adjust the "Temperature Range ll dial on the Electron-o­

Therm until the needle of the milliammeter reads anywhere between about 20 

and 90. Do not attempt any finer adjustment at this stage. If necessar.y use 
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the uFine Temperature Adjust" to set the meter readingo It is essential that 

this adjustment be made when the bath temperature is exactly at the desired 

value as the heater control will attempt to control to the temperature of the 

bath when the needle is first adjusted to "floatll in the 20-90 range. Now 

watch the meter needle. If it continually flies over to 100 the refrigeration 

is too strong and the oval red needle valve should be turned down. The ad­

justment on this valve is quite fine and the valve will probably not be needed 

more than an eighth or qUarter turn open. Adjust this valve (do not touch the 

"Temperature Rangel! dial again) until the meter stays most of the time between 

20 and 90. Now remove the screw cap from the "Thermostat Expansion Valve" 

unit at the bottom left of the refrigeration panel. Open the screw about half 

a turn a time until frost appears beneath the oval red needle valve after the 

refrigeration cycle has taken place once or twice. Now close the screw a 

quarter turn a time until this frost just disappears. Replace the screw cap 

on the "Thermostat Expansion Valve" ci Finally attempt very fine adjustments 

to the oval red needle valve until the milliammeter on the Electron-o-Tlierm 

heater control stays ~ of the time between 30 and 80. Turn off the blue 

valve. The bath is now stabilized at the desired temperature and should not 

require adjustment for many weeks. The refrigeration cycle (time between the 

motor switching off and" on again) will vary with external conditions but 

should not be more frequent than about once every 2 to 4 minutes. 



-40-

Approved December 1957 standard Method No. Sal. 3.A 
r 

Addendum No.1 

DETERMINATION OF S~IN~TY BY qONDUCTIVITY ~SUR~T . , .', ) 

A. Capabilities of ~ Method 

A statistical tre~tment of results obtained by skilled operators 

under sea-going conditio~s has shown that the precision range quoted in 

Standard Method Noo S~L J,oA applies unchanged to average sea-going 

analyses. 

Rejection criteria can be relaxed somewhat and duplicate readings 

aycepted if they agree to within 0.12 using the same cell or 0.17 using 

different cells (ca. S%o = 0.006 and 0 0 0085 -respectively). 

For shore-base work under exceptionally favourable condition~ the 

r~ge for th,e mean of duplicate determinations approaches! 0.003 %00 It ., 

would be unrealistic to assume that this precision can be improved signi-

ficantLy using the existing equipment (ref. Method Sal. 3.A)o 

Note.. Section J,. 2 and 3 should be modified as described in Standard 

Method No. Sal. 3.B. 
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Approved June, 1957 Standard Method No. o. 1.A. 

FISHERIES RESEARCH BOARD OF CANADA 

Pacific Oceanographic Group 
Nanaimo, B. C • 

DETERMINATION OF OXYGEN IN SEA WATER 

(File N 7-1-5 June 30, 1957) 

A. Capabilities of ~ Method eio Addendum Noo 1, ~ jQp ,-
Range 0.005 - io mg. atom 02/liter. 

The following data are based on a statistical treatment of results 

obtained under sea-going conditions by trained operators using the proce-

dure exactly as described and standardizing the thiosulphate b,y a duplicate 

determination of the factor. If the thiosulphate factor is obtained from the 

mean of four or more determinations and the oxygen determination is carried 

out under ideal conditions the precision limits will be reduced but it cannot 

be assumed that the reduction will be by a factor exceeding 105 - 2. Exact 

statistical data are awaited. 

1. Precision at 007 mg. atom 02/10 level 

The correct value lies in the range: Mean :o-r n determinations 

± 0.0162 mg.at.02l'1. 
n1/ 2 

2. Precision at 0.03 mg. atom 02/1. level 

The correct value lies in the range: Mean of n determinations 

± 0j/03 mg.at.02l1. 
n 2 

3. Limit of detection: 

'The smallest amount of oxygen that can be detected with certainty 

is about 0.005 mg.at.02/l. 



-42-

Reject duplicate determinations if the titrations differ by: 

more than 0.5 ml. in the titration range 10 - 15 ml. 

more than 0.35 ml. in the titration range 5 - 10 ml. 

more than 0.25 ml. in the titration range 1 -·5 ml. 

more than O.lS ml. when titrating iodate in the standardization 

procedure. 

If the duplicate titrations differ by less than the above limits take 

a mean value. 

~. The above statistical data apply at the 0.05 probability level, i.e., 

.. the odds are 19 to 1 in their favour 0 

B. Outline 9£ Method 

A divalent manganese solution is added to the sample followed by 

strong alkali. The precipitated manganous hydroxide is dispersed evenly 

throughout the seawater sample which completely fills a stoppered glass 

bottle. Any dissolved oxygen is rapidly reduced and an equivalent amount of 

divalent manganese ·is oxidized to the basic'hydroxides of higher valency 

states. When the solution is acidified in the presence of iodide the oxidized 

manganese again reverts to the divalent state and iodine, equivalent to the 

original oxygen content of the water, is liberated. This iodine is titrated 

with standardized thiosulphate solution. The procedure, known as the Winkler 

method, is a classical analytical technique. 

c. Special Apparatus and Eguipment 

300 ml. B.O.D. (biological oxygen demand) bottles. This is all the 

special equipment required. The pipetting, aliquot taking and titration can 

be put on as "automatic" a basis as is thought desirable in any particular 

circumstance. 
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D. Special Reagents Required 

1. Manganous Sulphate Reagent (Reagent No.1) 

Dissolve 480 g. of manganous sulphate tetrahydrate, MnS0404li20, 

or 400 go of manganous sulphate dihydrate, MnS0402H20, 

or 365 g. of manganous sulphate monohydrate, MnS04.H20, 

in distilled water and make the volume to 1 liter. The salt must be of 

analytical reagent grade to ensure the absence of fe~ric iron. 

2. Alkaline Iodide Solution (Reagent No.2) 

Dissolve 500 g. of sodium hydroxide, NaOH, or 700 go of potassium 

hydroxide, KOH, in 500·ml. of distilled water. - Dissolve 150 g. of potassium 

iodide, K1, in 200 ml. of distilled wate~, mix the two solutions and dilute 
, 

to 1 liter with distilled watero . The potassium iodide must be of analytical 

reagent grade to ensure the absence of iodate. The potassium or sodium 

hydrOxide may be of high grade commercial quality but it is safer to use 

analytical reagent grade. 

3. O.Ol.N. Standard Thiosulphate Solution 

See Section H. 

4. Starch Indicator Solution 

Prepare a 001 - 002 per cent solution of soluble starch. A semi­

preserved solution (stable for several months) may be made as follows: 

Suspend 2 g. of soluble starch in 300-400 ml. of water. Add an 

approximately 20 per cent sodium hydroxide with vigorous stirring until the 

solution becomes clear (a slight permanent opalescence may remain) and allow 

the solution to stand. for 1 - 2 hours. Ad.d concentrated · hydrochloric acid 

until the solution is just acid to litmus paper and then 2 ml. of glacial 

acetic acid. Finally dilute the solution to 1 liter with disti~ed water. 
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Discard the solution when the end-point colour is no longer a pure blue and 

takes on a green or brownish tinto 

Eo Sampling Proceciure ~ Sample Storage 

The B .. OoD .. bottles are rinsed twice with the sample being analysed .. 

If the sample is obtained from a reversing bottle a length of rubber tubing 

should be taken from the tap to the bottom of the BoOoD .. bottle and sea water 

introduced in such a w~ as to minimize turbulence and agitation of the 

sample.. The end of ~he rubber tube must always be kept beneath the surface 

of the water as the bottle is filled. Water is allowed to overflow from the 

top of the B .. Oo~o bottle which is stoppered at once. No air should remain in 

the bottle 0 When the sample is taken from a bucket (eog" surface samples)) 

rinse the bottle twice and then allow the water to flow in by submerging the 

bottle to the mouth and gent~ tipping it so that the sample enters with no 

bubbling and the minimum of turbulence" For work of the highest accuracy 

the sample should be siphoned into the bottleo 

Samples must be drawn into the BoOoDo bottles immediately they are 

taken and should be the .fir~t samples to be drawn from a reversing bottleo 

The sampling delay should never exceed 15 - 30 minutes. When the bottles 

are filled the ana~sis should be commenced in less than a half to one hour 

as oxygen may be lost when the samples warm to room temperature or b,y micro­

biological respiration. Store the samples in the dark .or in subdued light 

so as to minimi~e ~hotosynthesisb,y a~ phytoplankton that may be presento 

If the analysis must be delayed tlpicklell the samples b,y adding manganese 

sulphate and the $aline iodide solutions (seel Section F below)o The rest 

of the analysis may b~ completed at leisure~ 
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F. Experimental 

Procedure 

10 Remove the stopper from the BoOoD. bottle and add 1.0 mlo of man­

ganous sulphate reagent (Reagent No.1) with an automatic pipette followed 

at once by 1.0 rol. of alkaline iodide solution (Reagent No.2) (note a). 

Restopper the bottle immediately and mix the contents thoroughlY b.1 shaking 

until the precipitated manganous hydroxide is evenlY dispersed. No air bubbles 

shOUld be trapped in the bottle. 

2. When the precipitate has settled slightly (in 2 - 3 minutes) shake 

the bottles again. Finally allow the samples to stand until the precipitate 

has settled about half-way down the bottle leaving a clear supernatent solu­

tion (note b). 

3. Add 1.0 ml. of concentrated(s .g. 1084) sulphuric acid of analytical 

reagent quality (Reagent No.3), restopper the bottle and mix so that all the 

precipitate dissolves (notes c and d)o No air should be trapped in the bottle 

(note e). 

4. Within an hour or so of acidification (note f) transfer 100 ml. of 

solution (200 ml. for oxygen contents less than aQout 0.1 mg.at.02ll) into a 

250 ml. Erlenmeyer flask by means of a pipette or a graduated cyliqder. 

Titrate at once with standard thiosulphate solution until a very pale straw 

colour remains,. Add 1 - 2 mlo of starch indicator and conclude the titration, 

(note g). 

50 Subtract any blank correction (see Section G) from the titration to 

obtain the corrected titration, V mlo and calculate the oxygen content of a 

sample from the formulaet 

mg.at.Oz/l. = 0.0503 x f x V 

When a 100 ml. aliquot is taken from a 300 ml. BoO.D. bottle, 



or: 

When a 200 ml. aliquot is taken from a 300 ml. BoO.D. bottle9 

or: 

mg.at.02/l. - -I- x 5.00 x f x V 
Y-2 X 

When a X ml. aliquot is taken from a Y ml. bottle • 

. In the above expressions f is a factor, near to unity, obtained as 

described in Section H. 

Note: The milliliters of o:qrgen at N.T.P. present in a liter of water can be 

calculated from the expression: 

Similarly":: 

Notes 

a. Place the pipette just beneath the surface of the water in the BoOoD 

bottle. The dense reagent solutions sink at once and as a result only water 

is displaced from the bottle. The outside of the alkaline iodide pipette 

should not get contaminated with manganese solutions as, if this occurs, the 

manganese is transferred to the alkaline iodide reagent bottle. Should a 

precipitate of higher valency manganese basic oxides apy~ar in the alkaline 

iodide reagent it must be discarded. 

b. The sample can be allowed to stand indefinitely at this stage pro-

vided that thermal contraction does not draw air into the bottle. 

Co The top of the pipette should be placed just beneath the surface. 

The acid sinks and displaces about 1 ml. of solution but this contains no 

oxygen if the precipitate in the bottle has settled adequately. 

d. If the oxygen content exceeds about 0.6 mgoato02ll. a dark brown or 
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black precipitate may persist in the bottle after the contents have been 

acidified. This will dissolve if the solution is kept for a few minutes longer 

than usual or, if particularly stubborn, a few more drops of sulphuric acid 

will generally effect dissolution. A slight precipitate can ·be ignored pro­

vided that it is well dispersed throughout the solution before aliquots are 

taken (4). 

e. A little carbon dioxide may be liberated when solutions are ac,idified 

but this causes no harm. 

fo The acidified iodine solution is stable for many hours or days in 

most instances but if the water sample contains much organic matter this may 

be slowly oxidized by the iodine. It is advisable, therefore, not to delay the 

titration for longer than a few hours. 

g. The titration should be taken to the end-point fairly rapidly as a 

return of the starch-iodine colour is sometimes experienced. Solutions should 

remain colourless for at least 20 seconds at the end-point. 

Go Determination of Blank - ) 

The calibration procedure described in the next section is also used 

for the blank determination except that no iodate is added. If analytical re-

agent quality chemicals are used there shouJd be no blue colour with starch. 

Ira slight colouration results a blank correction may be ascertained by 

titrating with thiosulphate until the solution is colourless. If this blank 

correction exceeds 0.1 mlo, the reagents are suspect and should be pre'pared 

afresh. The potassium iodide or manganous salt are generally the cause of the 

trouble.. If no blue colour is formed on adding starch, check that a blue ~ 

result when 0.1 ml. or less of 0001 N iodate is added. This guards against the 

presence of reductants. The blank testing should be undertaken when each new 

batQh of reagents is prepared. 



He Calibration 

10 Approximately 0001 No Thiosulphate Solution 

Dissolve 205 g. of good sodium thiosulphate, Na2S203,,5H20 and 0.1 go 

of sodium carbonate, Na2C03, in 1 liter of water. Add 1 drop of carbon bi­

sulphide, CS2, per liter as a preservative. The thiosulphate solution should 

be prepared many liters at a time and is stable for several months. The factor 

(see below) will slowly decrease. 

1000 ml. of 0.01 No thiosulphate -- 5.00 x 10-3 mg.at.02 

2. Exactly 0.0100 N. Iodate Solution 

Dry a little analytical reagent quality potassium bi-iodate, KH(I03)2, 

at 1050 C for one hour. Cool and weigh out 0.3250 g. Dissolve the salt in a 

few hundred ml. of water, warming the solution slightly if desired. Cool, 

transfer to a 1000 ml. measuring flask and make to the mark with distilled 

water. This solution is stable indefinitely. 

3. Determination of the Factor fo 

Fill a 300 mlo B.O.D. bottle with sea water and add 1.0 ml. of concen­

trated sulphuric acid (Reagent No.3), 1.0 ml. of alkaline iodide solution 

(Reagent No.2), mix, and add 1.0 mlo of manganous sulphate solution (Reagent 

No.1).. Withdraw approximately 100 ml .. aliquots of this and similarly pre­

pared solutions into 250 ml. Erlenmeyer flasks. Use one or two flasks for 

blank determinations, if necessary (see G above) and to the others add 10 .. 00 

ml. of 0.0100 No iodate from a 10 ml. pipette. Allow the iodine liberation to 

proceed for at least two minutes but for not more than five minutes, during 

which time the solution should be at a temperature below 25 0 C and out of 

direct sunlight. Titrate the iodine with the thiosulphate solution. If v is 

this titre in ml. -



f "" 10.00 
v 

f should not var,y over a period of many d~s or weeks and may be determined, 

using the mean of two titrations, at the discretion of the analyst. When a 

number of different workers are analysing batches of samples during a cruise 

i~ is recommended that each analyst determines f for each new batch of samples, 

taking the mean of two titrations. This practice helps to minimize personal 

errors of titration and end-point detection. 
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Approved June 1958 standard Method Noo O. loA 

Addendum No .. 1 

DETERMINATION OF OXYGEN IN SEA WATER 

Note. Reference is made to Standard Method No. o. loA. 

A. Capabilities gf. ~,Method 
-, , 

for the maximum precision using Standard Method No. 0 .. leA, 50 

mlo aliquots in 125 mlo Erle1,1IIleyer flasks should be used instead of the 
- . 

100 or 200 mlo aliquots in 250 ml. Er.lenmeyer flasks, spec~fied in Section 

Fo 5. Titrations should be made using a 10 mlo bur~tte graduated in 0.05 , 

mlo divisions and for better end-point detection the Erle,nmeyer flask 
:' J I 

should b~ painted white on the bottom apd down one side. The ~lask is 

illuminated from the side during titrations and at least 4 ml. of starch 

indicator are added for each determination. The precision at the 0.7 

mg.at.02/1. level given below corresponds to the highest precision cQn-

sidered likely for shore-base laboratory work under near ideal conditions, , . 
wi th thiosulphate standardized by t,he mean of at l~ast fi v~ ~i trations" 

Precision at 0 0 7 mgoatoO~lo level 
i 

The correct value lies in the range: Mean of n determinations 

Under routine conditions at sea the range will be 

greater, proba~ly by 50 to lOOper qent. The starch end-point is compar-

able in precision with an electrometric end-point under sea-going conditions 
• ,. I I 

but' the starch-iodine complex has an appr,eciabile dissociation resulting 

in a slight error when starch is used. This error is not allowed for by 

standardization when low oxygen concentrations are being estimated (i.e. 

001 mg o ato02il. or less) and results will be up to 0.0015 mg.ato02/lo 

too low. 
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Approved June, 1957 Standard Method No" Po LA. 

FISHERIES RESEARCH BOARD OF CANADA 

Pacific Oceanographic Group 
Nanaimo, BoC 0 

DETERMINATION OF INORGANIC PHOSPHORUS . . 

(PHOSPHATE) IN SEA WATER 

(File N 7-1-5 June 30, 1957) 

A. Capabilities E! the Method cfo Addendum !!2.o b ~ g 
Range 0.08 - 5 ggoatoms P/liter , 

The following data are based on a statistical treatment of the results 

obtained under sea-going conditions by trained operators using the procedure 

exactly as described" 

1" Precision at 3 ;&g.at.Po/l. Level 

The correct value lies in the range~ Mean of n detenninations 

20 Precision at 0.3 u.goat.P./lo Level 
, > 

The correct value lies in the range: Meanpf n determinations 

3. 'Limit of Detection 

The smallest amount of phosphate that can be detected with certainty 

is about 0.08 jlg.at.P./l. 

Reject duplicate determinations if the extinction* values differ b,y 

I * The extinction, E, is defined as 10glO -2, where 10 and I are incident and 
I 

transmitted light intensities, respectively. The Beckman DU Spectrophoto-

meter is calibrated directly in extinction units. If the absorptiometer 

employed reads per cent transmission, T, calculate E as 10glO (l~q) 0 
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more than 0.05 in the extinction range 005 - 100 

or more than 0.02, in the extinction range 001 - 005 

or more than 0 002 in the extinction range 0.03 - O.lG 

If the duplicate extinction values differ by less than the above limits, 

take a mean value 0 

~. The above statistical data apply at the 0005 probability level, ioe. 

the odds are 19 to 1 in their favour. 

B. Outline of Method 

The seawater sample is allOwed to react with molybdate under acidity 

conditions which permit the formation of phosphomolybdate without the formation 

of silieomolybdate from any silicic aoid present. The phosphomolybdate complex 

is then reduced by stannous chloride to"give the blue reduced oomplex and the 

extinction of the resulting solution is measured using 10 em. cells and light of 

wavelength near to 7000 Ao 

Co Special AJ?paratus ~ EguipPlent 

A Beckman D~ Spectrophotometer or any other seaworthy spectrophotometer 

capable of measuring the e~tinction of light of wavelength near to 7000 Ao 

Spectrophotometer or absorptiometer cells having a path lengtn of at 

least 10 cmo and holding less th~n 90 mlo of solutiono 

130 IDl. capacity polyethylene bottles, with screw oaps, marked on the 

side at 100 ml. 

D.Special Reagents Required 

10 Mo~ybdate Reagent (Reagent No.1) 

Prepare 50 per cent V/V sulphur~c acid by pouring 300 ml. of concen­

trated (sogo 1.82) analytical reagent quality sulphuric acid into 300 ml. of 
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distilled water. Cool to room temperature and make the volume to 600 ml .. with 

a little extra water. Dissolve 20 g. of analytical reagent quality ammonium 

paramolybdate, (NH4)6M07024.4H20 (preferably finely crystalline) in 200 ml~ of 

distilled wa.ter. Add this solution to the 600 mlo of 50 per cent V/V sulphuric 

acid, stirring vigorously. The resulting solution is stable for many months if 

stored in a dark bottle with a plastic or glass stoppero 

20 stannous Chlo:t'ide Stock Solution 

Dissolve 4.3 g. of analytical reagent quality stannous chloride dihy­

drate, SnC1202H20, in 40 mlo of concentrated (sogo 1018) hydrochloric acido 

Warm a little, if necessary, to assi~t solution. Pour 160 mle> of boiled-out 

distilled water in a polyeth~lene bottle whilst the water is still near the 

boiling point. Add the hydrochloric acid solution of stannous chloride and a 

small piece of granular tin metal and cover the solution with a thin layer of 

mineral oil. The solution, under oil, is stable for many months. 

3. Stannous Chloride Working Solution (Reagent No.2) 

Dilute 10 ml. of the above stock solution to 50 mlo using a 5 per cent 

V/V hydrochloric acid solution in boiled-out water. This solution may be kept 

for several days under mineral oil but is best made up for each batch of deter­

minations. If not stored under oil" the solution should be made fresh every 

day 0 

E. Sampling Procedure and Sample Storage 

130 ml. polyethylene bottles should be filled completely with sample 

after rinsing them twice with the water to be analysed. The analysis should 

be commenced as soon as possible, preferably within half an hour, certainly 

wi thin 1 - 2 hours. Samples should be kept in the dark and not warmed to 

room temperature until the analysis is to be commenced. If the analysis has 
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has to be delayed for more than 1 - 2 hours refrigerate the samples to o· C or 

less. If the samples are stored at O· C or less with one drop of chloroform 

in each bottle, they should be stable for at least a month. QUick freezing 

in &. 40 per cent glycol bath at -20·C (freeze to this temperature within 30 

minutes of collection) stabilizes samples for many months and this technique 

should be used for the most precise work, on samples .drawn from the eupho-

tic or regeneration zones. 

F. Experimental 

Procedure 

1. Warm the samples to a temperature between 18° C and 23· C in a thermo­

stated water bath or by placing the bottles in warm water to bring them within 

this temperature range and then storing them in a laboratory which has a uni­

form temperature between 180 C and 23 0 C (note a). 

2. Measure the extinction of samples to obtain the turbidity co~rection. 

(note b; see also 4, below, for the necessary precision of measurements). 

3. Add 1 0 0 ml. of molybdate solution (Reagent No.1) from an automatic 

pipette to 100 nl:l. of sample and mix. the solution (note c) 0 Allow the sample 

to stand fer 3 minutes (note d). Add 0.5 ml. of dilute stannous chloride 

.. (Reagent No.2) swirling the sample to ensure rapid mixing (note e). 

4. Exactly 10 minutes after adding the stannous chloride, measure the 

extinction of the solution in a 10 cm. cell against distilled water (note f). 

A wavelength of 7000 A and slit width of 0.03 mm .. should be used with the 

Beckman DU Spectrophotometer (red sensitive photocell). If a filter-type 

absorptiometer is used choose a filter having a maximum transmission in the 

region of 7000 A (note g). Record extinction values (and corrected values, 

see 5 below) to the nearest 0.001 unit in the range 0.000 - 0.200, to the 

nearest 0.0025 unit in the range 0.200 - 0.400 and to the nearest 0.005 for 
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extinction values exceeding 0.400. Unless adjacent samples are known to have 

extinction values within about 25 per cent of each other the absorptiometer 

cell should be rinsed with each new solution before filling. 

5. Correct the measured extinction b.r subtracting both the turbidity and 

reagent blanks (see Section G). Calculate the phosphate concentration in 

microgram atoms of phosphate phosphorus per liter ( ~g.at.P./l) from the 

expression: 
~g.at.P./l = corrected extinction x F 

where F is the factor for each batch of samples obtained as described in Sec-

tion H below. Report results to three significant figures. Silicon, present 

in the amounts normally reported for sea water, causes no interference. Ar-

senic will interfere if present in the pentavalent form and will be recorded 

as phosphorus. The interference is normally negligible (less than 5 per cent 

of the phosphorus) but for the most precise work if the concentration of ASv 

v is known, say Z)<g.at.As II., the phosphorus result may be corrected b.r sub-

tracting 0.4 x z. 

Notes 

a. The extinction obtained from a given amount of phosphorus depends on 

the temperature, increasing about 1 per cent for each increase in temperature 

of 1° C. To allow for this, the temperature of samples and standards (see 

Section 4) should be within 1 - 2° C of each other. 

b. This measurement is rarely required for every sample (see Section G). 

If the turbidity gives an extinction exceeding about 0.05 the suspended matter 

may adversely affect the method and solutions should be filtered. 

c. The extinction for a given amount of phosphorus depends upon the con-

centration of moloybdate which should not vary within each batch of samples 

and standards 0 The exact volume of sample is not critical but should lie 

between 95 and 105 ml. 
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d. Results are markedly more reproducible if the molybdate and phosphate 

react for·a few minutes before adding reductant. Prolonged standing at this 

stage should be avoided as organically combined phosphorus and any particulate 

inorganic phosphate will slowly degrade to phosphoric acid. 

e. The extinction from a given amount of phosphorus depends upon the con­

centration of stannous chloride. A decrease of 10 per cent from the recommended 

concentration decreases the extinction by rather more than 1 per cent. Unpro­

tected dilute stannous chloride solutions oxidize by this amount within an 

hour or two but the effect is allowed for by the device of calibrating with 

each batch of determinations •. The 0.5 ml. of reductant need not be exact pro­

vided that it is the same for samples and st~ndards. The dependence of extinc­

tion on salinity is discus.sed in Section H, below. 

f. The extinction of the blue reduced phosphomolybdate complex is not 

-constant with time. It rises to a maximum, stays constant and then decreases. 

The time range for this maximum varies with temperature approximately as follows: 

Temperature Time Range 

11° e 14- 23 minutes 

14° e 12 - 18 minutes 

160 e 11- 15 minutes 

23- e 5 - 14 minutes 

If solutions are at a temperature between 18° e and 23° e a waiting period of 

10 minutes will ensure maximum colour formation. In routine analysis it is 

simplest to adhere rigorously to the 3-minute and 10-minute periods stated in 

3 and 4. This time variability is a weakness in the use of stannous chloride 

but the reagent gives the greatest sensitivity of any known reductant. 

g. The absorption maximum for the reduced phosphomolybdate complex covers 

a broad wavelength and the exact value is not critical between say 6800 A and 

8000 A. 7000 A is about the optimum. 
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G. Determination.2! Blanks 

10 Cell to Cell Blanks 

When both sample and distilled water cells are filled with distilled 

water the extinction of one against the other should be 00000.. Due to- slight 

optical defects a slight positive or negative value may be found.. This is 

allowed for when turbidity blanks are subtracted (see below) but the value 

should be found when determining the reagent blank 0 The .water in the distilled 

water cell should be changed every day as marked turbidities can result even 

in distilled water if it remains in the cell for too longo 

20 Reagent Blanks 

Carry out the method exactly as described in Section F, paragraphs 

2-4 inclusive, using distilled water in place of 109 mlo of sea water.. Oorrect 

the : resulting extinction for the cell to cell blank.. The reagent blank should 

not exceed 0002. If this occurs use redistilled water. Should the blank per­

sist the ammonium molybdate reagent is suspect.. The reagent blank, although 

small, is not insignificant for the most accurate work or when less than 105 

~g.atoP./l is being determined. It should be measured for each new batch of 

molybdate reagent and checked at weekly intervals during a cruiseo 

3.. 22. Water Turbidity Blanks 

These may be a very appreciable fraction of the total extinction in 

surface waters and should be determined on the surfaoe and 10 mo samples of 

each cast. Measure at progressively greater depths until the value becomes 

approximately constanto This value (generally less than at 0 .. 01 below 25 mo 

in offshore waters) is then roughly equal to the cell to cell blank (Golo above) 

and may often be slightly negative .. 

Turbidity blanks should be measured on th~ sample solutions after they 
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have been warmed to room temperature, just prior to adding the molybdate reagento 

If 130 ml. po~ethylene bottles are filled to the brim with sample, enough is 

present for the turbidity blank leaving nearly 100 ml. for analysis. A few ml. 

may be poured back from the absorptiometer cell if necessary. 

H. Calibration 

1. Standard Phosphate Solution 

Dissolve 0.340 g. of anhydrous potassium dihydrogen phosphate, KH2P04' 

in 1000 ml. of distilled water. Store in a dark bottle with 1 ml. of chloro­

form. The solution is stable for many months. 

1 ml. -= 2.5 rg.at.Po 

Dilute 10.0 ml. of this solution tolOqO ml.with synthetic sea water 

( ••• below). Store in a dark bottle with 1 ml. of chloroform. The solution 

should be stable for many week. but, for safety, should be made afresh about 

once every 10 days. 

1 ml. :: 2.; x 10-2 ~g.at.P. 

1 ml. S 0.25 ;t. s-o at oP ./1 in 100 ml. of sea water sampleo 

2. Synthetic Sea Water 

Dissolve 25 g. of analytical reagent quality sodium chloride, NaCl, 

and 8 g. of magnesium sulphate heptanydrate, MgS04.7H20, in each liter of dis­

tilled water. This solution is best made up in 5 - 20 liter quantities at a 

time and stored in po~ethylene. The phosphorus blank extinction on this solu­

tion should not exceed 0.2 - 0025 initia~. On storing the solution, a de­

crease in blank is nor.ma~ observed due to the abstraction of inorganic phos­

phate by living organisms. This is advantageous and it is recommended that the 

synthetic sea water be prepared several weeks before its anticipated use, when 

a blank as low as 0.05 - 0.1 should result. If bacterial growth becomes 
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excessive, a turbidity may result, but this will form mainly at the bottom of 

large storage vessels and will not give trouble unless the bottom layer is 

disturbed. If the extinction is satisfactory (ioe., less than 0015)'· the 

solution may be filtered and further bacterial action inhibited by the addition 

of a few crystals of thymol. 

3. Procedure 

With every batch of samples prepare three standard solutions consist-

ing of 12.0 ml. of the dilute phosphate solution (equivalent to 3.0)Ag.at.P./l) 

made to a volume of exactly 100 mle with synthetic sea water in a graduated 

measuring cylinder. Transfer the solutions to three dry polyethylene bottles 

and fill two more bottles with synthetic sea water (95 - 105 ml.) to act as 

blanks. Carry out the phosphate determination as described in Section F. above 

(paragraphs 2-4). The standards and synthetic sea water blanks should be 

placed in the middle of every batch of samples and treated exactly as the other 

samples. 

Calculate the factor F from the expression: 

where Es is the mean extinction of the three standards and Eb is the mean ex­

tinction of the two blanks (~ corrected for. cell to cell blanks). The value 

for F should be between about 4 and 4.5. 

~o The factor F depends on various conditions, described in the notes of 

Section F, and compensates for changes in these conditions from batch to batch 

of samples. In addition, F is a function of the salinity of the seawater 

samples. -VVith salinities of 20 0/ .. and greater the factor determined with 

the synthetic sea water, above, may be used. With salinities between 10 %0 
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and 20 °/.0 the factor will be up to 5 per cent too high and if samples are 

known to be in this range of salinity the factor should be determined on a 

synthetic sea water prepared by diluting the above solution with an equal 

volume of distilled water. If the salinity is less than 10 °/00 F changes 

rapidly and should be determined using a solution within a few parts per 

thousand of the salinity of the samples concerned. The factor obtained with 

fresh water is some 18 per cent less than that pertaining to water of a salinity 

exceeding 25 • /~o. 
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Approv.ed December 1957 St~dard Method No. P. 1.A 

Addendum Np .. 1 

DETERMINATION OF INORGANIO PHOSPHORUS (PHOSPHATE) PRESENT 

IN SEA WATER IN AMOUNTS LESS THAN 0 .. 5 MICROGRAM A'I;OMS PER LITER 
I ", ~t. I 

Note. Reference is made to Standard Method No .. P. l .. Ao 

A. Capabilities of ~1ie Method 

The following method is essentially -t:-~e same as Standard Method 

No, P. loA except that a different technique is used for the extinction 

measurements.. The technique is designed to minimize the errors that may 

occur in the estimation of amounts of phosphorus less than about 0.5 yg. 

atoms P./l that are present in tur~id sampleso In general it should only 

be necessary to employ this modification for phosphorus depleted surfa9'e 

waters near to a land drainage area. (In no case should a phosphorus 
'. 

determinqtion be att~mpted, without filtration of the sample, if the 

turbidity blank exceeds about 0 0 1 on a 10 em. cello) 

Precisi(m at the 0.3 rg~at"P!l level has not been evaluated as 

conditions can be so variable.. The precision should be co~parable and 

generally much higher than that quoted in Standard Method No. P .. 1.A in-

s~ead of much worse, as would be the case were the analysis of low phos-, , 

phorus high turbidity waters attempted "Without using the present modifica-

tion .. 

The method described in this addendum could be used to determine 

phosphorus in all samples but the additional complexity of wanipulat~on is 

not justified except 'in the circumstances outlined above .. 
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B.. .;:;..Ou;;;;.t;.;;l;;;;i;;;.;n;..;;.e of _th_e Method 

The seawater sample is allowed to react with molybdate under acidity 

conditions that permit the formation of phosphomolybdate without the form-

ation of silicomolybdate from any silicic acid present. The extinction of 

this solution is measured in a 10 em. ce~l using light of wavelength near 

to 7000 A. stq.nnous chloride is tnen added ~o produce a blue reduced com-

p1ex and the extinction is re-measured" The difference between t,he second 

and first ~xtinetion value is a measure of the phosphate present in the 

samp~eo 

C" Special Apparatus ~ Eguipment 

See Standard Method No" P. IDA. 

D.. Special Reagents Required 

See Standard Method No o P. loA. ',' 

Eo Sampling Ergcedure and .. ,SaII)-ple storage 

See Standard Method NoD Po 1.A. Samples should b~ vigorously shaken 

just before the analysis ~s co~enced .. 

F 0 Experimental 

Procedllre 

10 Warm the samples to a temperature between ISo C and 23°C in a 

the~ostated water bath or by placing the bottles in warm water to Qring 

them within this temperature range and then storing them' in a laboratory 

which has a uniform temperature between lf3° C and 2~0 C (note a) 0 

20 Add 1 0 0 ml. of molybdate solution (Reagent No.1) from an automatic 

pipette to 100 ml. of sample and mix the solution (note c) .. Transfer the 
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solution to a 10 em. cell that has previous~y been rinsed several times , 

with distilled water and drained. A little water left behind in the cell 

before the sample is added does no harm (it should not exceed 1 to :2 mlo) 

and the cell should not be rinsed with sample .. Three, minutes after adding 

the molybdate to the sample (n~te d) measure the extinction with a Beckman 

DU Spectr0photometer, at a wavelength of 7000 A,and slit width of 0 0 03 mm .. 

using the red se~sitive photocell.. If a filter-type a~sorptiometer is 

used choose a f~lter haVing a maximum transmission in, the region of 7000 A 
I 

I , 

(note g).. Record extinption values to the nearest 0,,001 unit. Let this 

extinction be Emo 

3. Pour the solution from the cell back into the vessel containing 

the remainder of the.sampl~ and ~olybdateo Drain the cell but do not wash 
" 

it. Add 005 ml .. pf dilute stannous chloride (Reagent No o 2) sw:irling the 

sample to ensure rapid, mixing (note e).. Refill the 10 em" cell with ,the 
I ' 

reduced sample so+ution, rinsing the cell once, and exa~tly 10 ~nutes 

after adding the stannous chloride re-measure the extinction on the spectro-
'. 

photomet~r or absorptiometer (note f). tet this extinction be Ere Evalu-

ate (Er - Em)sample o 

Notes 

Se'e the notes to Section F of Standard Method No.. P.. 1.A 0 

G. Determination of Blanks 
""'I!'" 

Only a reagent blank is nece,ssary with this method a.s "cell to cell" 
, 

and "turbidity" blanks areel~nated by the nature of the procedure. The 
, ~ . . 

reagent, however, 'may constitute an appreoiable fractio~ o~ t~e total e~-

tinction due t~ phosphorus in the sample and should b~ determined each 
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time samples are analysed. Carry out the method exactly as described in 

Section F above using distilled water in place of the 100 ml. of seawater 

sample Cr, Evaluate (Er - EnJ,)distilled. 

H. Calibration 

This is carried put exactly as described in Stzndard Method No o 

P. I.A and samples may conveniently be analysed by the procedure described 

in this addendum at the same time as a batch of analyses is undertaken by 
. I 

the main method •. The same .:factor, F,' is used for both methodso 

I. Calculations 

rg·at.p/l =(CEr - Em) sample - (Er - Em) distilled) x F 0 
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Approved July, 1957 standard Method No. Po 2.Ao 

FISHERIES RESEARCH BOARD OF CANADA 

Pacific Oceanographic Group 
N anaimo, B 0 C 0 

DET~lINATION OF TOTAL PHOSPHORUS IN SEA WATER 

(AND ORGANIC PHOSPHORUS BY DIFFERENCE) 

(File N 7-1-5 July 31, 1957) 

A. Capabilities.2f. ~ Method cio Addendum !t£o k ~ 790 
, ,) 

This method cannot be used for fresh or brackish water. It is de-

signed for sea water, free from excessive sewage effluent, of salinity 

between 15 %0 and 36 % 0 • 

Range OoOS - 5 ug. atoms Po/liter. , 
1. Precision at 205 .ug.atoP./' 0 Level 

~, 

The correct value lies in the range: Mean of n determinations 

! 0.13 jAg.at.P./l. 
nl / 2 

2. Precision at 0.5 t.t.g.at o,P ./1. Level 
; 

The correct value lies in the range: Mean of n determinations 

3. Limit of Detection 

The smallest amount of phosphorus that can be detected with certainty 

is about O.OS j1g.at.P ./L 

Reject duplicate determinations if the extinction* values differ by 

* The extinction, E, is defined as loglO I o, where Io and I are incident and 
I 

transmitted light intensities, respectively. The Beckman DU Spectrophoto-

meter is calibrated directly in extinction units. If the absorptiometer 

<;mployed reads per cent transmission, T, calculate E as lOglO(l~). 
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more than 0.05 in the extinction range 0.5 - 1.0 

or more than 0.025 in the extinction range 0.1 - 0.5 

or more than 0.02 in the extinction range 0.03 - 0.1. 

If the duplicate extinction values differ qy less than the above limits, 

take a mean value. 

~. The above statistical data apply at the 0.05 probability level, i.e., 

the odds are 19 to 1 in their favour. 

4. Precision of Organic Phosphorus Determination 

The present method determines the phosphorus present as inorganic phos­

phate, as dissolved organically combined phosphorus and as phosphorus present 

in suspended particulate matter. The latter is present large~ as organic de­

tritus but some insoluble inorganic phosphorus may occur in turbid inshore 

waters. The amount of insoluble phosphorus will rare~ exceed a few tenths of 

a microgram atom of phosphorus per liter. If required separately it should be 

determined directly in the solid matter retained when a sea water sample is 

filtered through a millipore filter. 

If the determination of inorganic phosphate is carried out by Standard 

Method No. P. 1.A. immediate~ a sample is taken from the sea, then the dif­

ference between the total phosphorus result and this inorganic phosphate re­

sult is largely a measure of the organic phosphorus that was present in the sea 

water when it was sampled. As this value is obtained as the relatively small 

difference of two relatively large numbers the precision is never great unless 

many replicate determinations are made of both inorganic and total phosphorus. 

The variance can be calculated by normal statistical practice knowing the 

statistical data quoted above and in Section A of Standard Method No. P. 1.A. 

For example, if the inorganic and total phosphorus are both in the range 2 -
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2.5~.at.P./l. the correct value of the organic phosphorus will lie in the 

range: Mean of n determinations ~.2.:1&. ugoat. organic P./L when both in-.. n r-

organic and total phosphorus have been separately determined as the mean of n 

determinations and their means then subtracted. Similarly the limit of de-

tection of organic phosphorus when the total phosphorus is around 2 ~g.atoP./l, 

approximates to ~ 0~15 JAg.at. organic P./l. As the level of soluble organic 
n l / 2 

phosphorus will rarely exceed 008,u.g.at. organic P./l, the mean of at least 

five determinations should be made for the uncertainty to be below 10 per cent 

of the quantity being determined. It is important, therefore, that this number 

of dete~nations be made of the inorganic phosphorus , when the samples are 

taken on a cruise, as well as of the total phosphorus which is carried out later 

in a shore laboratory. 

B. Outline.2f Method 

A 50 ml. sample of sea water is evaporated with perchloric acid. 

Chloride is replaced qy perchlorate and mUch of the arsenic is volatilized. 

The residue is heated and any organic matter is oxidized liberating phosphorus 

as inorganic phosphate. The total phosphate is then determined, after adding 

50 ml. of water, qy a modification of Standard Method No. P. 1.A. 

C. Special Apparatus ~ Eguipment 

A Beckman DU spectrophotometer or any other absorptiometer capable of· 

measuring the extinction of light of wavelength near to 7000 A. 

Spectrophotometer or absorptiometer cells having a path length of at 

least 10 cm. and holding less than 40 ml. of solution. 

One hundred and twenty-five mI. pyrex Erlenmeyer flasks. Three small 

dents, 1 to 2 mm. deep are made in the lip of each flask symmetrically placed 

round the rim. The flasks are ~overed with 2-inch diameter coverglasseso 
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7 cm.! 0.5 cm. lengths of melting-point capillar,y closed at one end, 

one for each flask. 

Full details for the preliminary cleaning and conditioning of this glass 

are given in Section G below. 

D. Special Reagents Reguired 

1. Perchloric Acid Solution (Reagent No. 1) 

Dilute 300 ml. of 70-72 per cent analytical reagent quality perchloric 

acid to 1 liter with distilled water. Store in a clean pyrex glass bottle. 

2. Potassium Iodide Solution (Reagent No.2) 
, 

Dissolve 5 g. of analytical quality potassium iodide in 100 ml. of water. 

Store in a glass stoppered dropping bottle. The solution is stable and need 

not be discarded when a slight brown coloration develops. 

3. Dilute Ammonia Solution (Reagent No.3) 

The ammonia solution must be taken from a freshly opened bottle of con­

centrated ammonia (s.g. 0.9) solution of analytical reagent quality_ Dilute 

100 ml. of this solution to 500 ml. with distilled water and store in a tightly 

stoppered polyethylene bottle. The solution is stable except for a slight 

loss of ammonia gas which may become appreciable as the solution is used. For 

safety it should be prepared fresh every week if in continual use or, in any 

event, every 2 to 3 weeks. 

4. Dilution water (Reagent No.4) 

This is distilled water to which has been added 2.0 ml. of concentrated 

hydrochloric acid (s.g. 1.14) for every liter. The water should be stored in 

a polyethylene bottle or carboy. 
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50 Molybdate Reagent (Reagent No o 5) 

Prepare 50 per cent V/V sulphuric acid by pouring 300 mlo of concen­

trated (sogo 1.a2) analytical reagent quality sulphuric acid into 300 ml. of 

distilled water. Cool to room temperature and make the volume to 600 ml. with 

a little extra watero Dissolve 20 go of analytical reagent quality ammonium 

paramolybdate, (NH4)6M07024.4H20 (preferably finely crystalline) in 200 ml. of 

distilled water. Add this solution to the 600 ml. of 50 per cent V/V sulphuric 

acid, stirring vigorously. The resulting solution is stable for many months if 

stored in a dark bottle with a plastic or glass stopper. 

60 Sodium Sulphite Solution (Reagent No.6) 

Dissolve 3 go of analytical reagent quality anhydrous sodium sulphite9 

Na2S03' in 100 m1. of distilled water. Store in a small tightly-stoppered 

polyethylene bottle. Prepare fresh once a month. Transfer a little of this 

solution for use into a dropping bottle but discard any remaining solution 

after a batch of analyses is completeo 

70 stannous Chloride Reagent Stock Solution 

Dissolve 4.3 g. of analytical reagent quality stannous chloride dihy= 

drate, SnC12.2H20, in 40 ml. of concentrated (s .g. lola) hydrochloric acid. 

Warm a little, if necessary, to assist solution. Pour 160 mlo of boiled-out 

distilled water in a polyethylene. bottle Whilst the water is still near the 

boiling point. Add the hydrochloric acid solution of stannous chloride and a 

small piece of granular tin metal and cover the solution with a ,thin layer of 

mineral oilo The solution, under oil, is stable for many monthso 

ao stannous Chloride Working Solution (Reagent Noo 7) 

Dilute 10 ml. of the above stock solution to 100 ml. using a 5 per cent 

V IV hydrochloric acid solution in boiled-out water. This solution ~ be 
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made up fresh for each batch of determinations and should not be stored for 

longer than 2 to 3 hours. 

E. Sampling Procedure and Sample storage 

Note. If an accurate estimation of organic phosphorus is required the sample 

for inorganic phosphorus must be analysed without delay. 

The sample for total phosphate must be taken within about 1 to 2 hours 

of surfacing sampling bottles or taking a surface sample. As it will rarely 

be possible to carry out the present method on board ship, it will be neces­

sary to store samples.. Small pyrex bottles or boiling tubes may be used, but 

never soft glass, and exactly 50 ml. of sample should be pipetted into the 

storage vessel which has previously been cleaned by evaporating and fuming 

about 10 ml. of Reagent No. 1 in each container for an hour, subsequently 

rinsing with distilled water. The bottle or test tube should be tightly 

corked but subsequent evaporation of the sample or changes in the form of the 

phosphorus present causes no errors. The deposition of phosphorus containing 

material on the walls of the storage vessel, however, necessitates the clean­

ing of the inner surface before analysis commences (see Section F below). 

F.. Experimental 

Procedure 

1 •. The quantity of perchloric acid solution used in this method depends 

upon the approximate salinity of a sample (Note a). The reagent volume should 

be correct to the nearest 0.5ml. according to the following: 

S 0/00 Volume of Reagent No.1 

15 

20 

25 



s 0/00 

30 

33 

36 
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Volume of Reagent No.1 

8.5 

9.5 

10.0 

Pour the contents of the sample bottle (containing 50 ml. initially) into the 

special 125 ml. Erlenmeyer flask. Add the requisite volume of Reagent No.1 

to a suitable dispensing device and introduce about half Qf the reagent to the 

sample vesseL Rub the sides of the vessel vigorously with this reagent by 

means of a small rubber policeman and pour the acid into the flask (Note b). 

Repeat this operation with the remainder of Reagent No.1 and finally rinse the 

bottle and policeman into the flask with a little distilled water (not more 

than about 10 ml.). 

2. Place a capillary into the flask, open end downwards, (Note c) and 

evaporate the contents of the flask with vigorous boiling on a hot plate until 

the volume is reduced to about 15-20 ml. Reduce the heat somewhat, add 2 to 3 

drops (ca. 0.1 ml.) of potassium iodide solution (Reagent No.2) and place the 

coverglass over the mouth of the flask (Note d). 

3. Continue the evaporation at a rapid rate until solid just begins to 

separate. Lower the temperature a little and continue the evaporation more 

cautiously until all water and acid is removed and perchloric acid refluxes 

down the sides of the flask (Note e). Finally place the flasks on the hottest 

part of a hot plate, ca. 4000 OJ and heat for 10 minutes with the perchloric 

refluxing. Only a very slight loss of vapour should occur if a coverglass is 

in place. 

4. Remove the flask and allow it to cool until it can be held against the 

palm of the hand. Add 5 ml. of dilute ammonia solution (Reagent No.3) and 

rinse the coverglass into the flask with a few drops of distilled water. Place 
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the flask back on a moderate hot plate and boil rapidly to remove all excess 

ammonia.. Then evaporate the contents to dryness by boiling gently. If the 

boiling is very rapid at the time solid commences to separate very bad IIbumping" 

may occur. As the contents become solid remove the coverglass and continue the 

evaporation until all the water is removed but do not overheat (Note f). 

5. Remove the flask from the hot plate and allow it to cool to room tem­

perature. Add, b,y means of a pipette, exactly 50 ml. of dilution water (Reagent 

No.4) and warm the solution slightly until a clear solution is obtained (Note g). 

Finally cool the sample to a temperature between ISO C and 23° C in a water bath 

(Note h). 

6. Add 0.5 ml. of molybdate solution (Reagent No.5) from an automatic 

pipette (Note i). Add at once 2 to 3 drops (0.1 ml.) of sodium sulphite solu­

tion (Reagent No.6) (Note j). Allow the sample to stand for 3 minutes (Note k) .. 

Add 0.5 ml. of dilute stannous chloride (Reagent No.7) from an automatic pi­

pette, swirling the sample to ensure rapid mixing (Note 1). 

7. Exactly 6 minutes after adding the stannous chloride, measure the extinc­

tion of the solution in a 10 cm. cell against distilled water (Note m). A wave­

length of 7000 A and slit width of 0.03 mm. should be used with the Beckman. DU 

Spectrophotometer (red sensitive photocell). If a filter-type absorptiometer is 

used choose a filter having a maximum transmission in the region of 7000 A (Note n). 

Record extinction values (and corrected values, see S below) to the nearest 0.001 

unit in the range 0.000 - 0.200, to the nearest 0.0025 unit in the range 0.200 -

0.400 and to the nearest 0 0 005 for extinction values exceeding 0.400: Unless ad­

jacent samples are known to have extinction values within about 25 per cent of each 

other the absorptiometer cell should be rinsed with each new solution before filling. 

S. Correct the measured extinction by subtracting a reagent blank (see Sec­

tion G). Calculate the total phosphate concentration in microgram atoms 
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of total phosphorus per liter (~.atoP./lo) from the expression: 

jAg.at.P ./1. = corrected extinction x F 

where F is the factor for each batch of samples evaporated (determined as 

described in Section H below.) Report results to three significant figureso 

Notes 

a. For correct neutralization, see 4, and to ensure satisfactory behaviour 

at the fuming stage, see 3, the excess perchloric acid, after the chloride in 

the sea water is displaced, should lie in the range of about 0.4 - 008 ml. of 

70 per cent acid. The quantities given in Section F.l. ensure this, if judged 

to the nearest 0.5 mI. The salinity need only be known to about 1 0/000 

b. If bacterial or algal growth have occurred since the sample was taken 

some phosphorus may be abstracted from the solution and held on the walls of 

the vessel in organic combination. 

c. Severe "bumping" is encountered in the early stages of evaporation un-

less an anti bumping device is added, such as the capillaries specified in 

Section Co 

d. Any arsenic present in the seawater sample is reduced to the trivalent 

form by iodide in acid solutions and is subsequently lost be evaporation as 

chloride. Tests have shown that arsenic initially present to the extent of 

several microgram atoms of As Yper liter gives no interference. 

e. It is essential that all hydrochloric acid vapour and water is removed 

at this stage. Some spurting of the semi-solid mass in the fla.sk will occur 

as the water is finally removed but this will not be excessive and may be dis-

regarded as the sides of the flask will be cleaned during the subsequent re-

fluxing of perchloric acid. The refluxing of perchloric acid is quite character-

istic and is seen as a heavy oily ring of liquid pouring down the sides. The 

top of the flask and the coverglass will become almost dry and only a little 
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heavy vapour will escape from the mouth of the flask. The fumes in the flask 

almost disappear unless a little air is blown in, when a dense white vapour 

forms. 

f. This treatment with ammonia and evaporation ensures that a neutral dr,y 

residue of reproducible volume is left irrespective of the amount of excess 

perchloric acid left at the fuming stage (3). Subsequent neutralization with 

varying volumes of alkali is thus avoided making for a more rapid and repro­

ducible technique with easier blank control. The contents of the flask should 

not be overheated at this stage. A few tenths of a ml. of water held on the 

sides of the flask may be disregarded as this will largely evaporate when the 

flask is allowed to cool. 

g. The residue, after ammonia treatment and evaporation, contains a little 

magnesium hydroxide. The small amount of hydrochloric acid present in the di­

lution water ensures that all hydroxides dissolve but t~e excess acid is then 

too small to interfere with subsequent colour development. 

h. The extinction obtained from a given amount of phosphorus depends on 

the temperature, increasing about 1 per cent for each increase in temperature 

of 1° C. To allow for this, the temperature of samples and standards (see 

Section H) s~ould be within 1 - 2· C of each other. 

i. The extinction for a given amount of phosphorus depends upon the con­

centration of molybdate which should not vary within each batch of samples and 

standards. 

j. During the strong heating with perchloric acid traces of chlorine or 

chlorite may form. If these compounds persist to the colour development stage 

of the method very serious errors may be introduced. The small addition of 

sulphite causes no interference to the colour development but ensures the ab­

sence of any traces of oxidants that may arise from the perchloric acid. 
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k. Results are markedly more reproducible if the molybdate and phosphate 

react for a few minutes before adding reductant. 

1. The extinction from a given amount of phosphorus depends upon the con­

centration of stannous chloride. A decrease of 10 per cent from the recommended 

concentration decreases the extinction by rather more than 1 per cent. Unpro­

tected dilute stannous chloride solutions oxidize by this amount within an 

hour or two but the effect is allowed for by the device of calibrating with 

each batch of determinations. The 0.5 mlo of reductant need not be exact pro­

vided that it is the same for samples and standards 0 

m. The extinction of the blue reduced phosphomolybdate complex is not con­

stant with time. It rises to a maximum, stays constant and then decreaseso If 

solutions are ata temperature between ISO C and 23° C a waiting period of 6 

minutes will ensure maximum colour formation (ll21 10 minutes as in Standard 

Method Noo Po LAo) In r"outine analysis it is essential to adhere rigorously 

to the 3-minute and 6-minute periods stated in 6 and 70 This time variability 

is a weakness in the use of stannous chloride but the reagent gives the greatest 

sensitivity of any known reductant. 

n. The absorption maximum for the reduced phosphomolybdate complex covers 

a broad wavelength and the exact value is not critical between. say 6Soo A and 

SOOO A. 7000 A is about the optimum. 

Go Determination of Blanks 

I. Cell to Cell Blanks 

When both sample ~d distilled wat€r cells are filled with distilled 

water the extinction of one against the other should be 000000 Due to slight 

optical defects a slight positive or negative value may be found. The water 

in the distilled water cell should be changed every day as marked turbidities 

can result even in distilled water if it remains in the cell for too longo 



2. Reagent Blank 

The amount of phosphorus in the perchloric acid reagent is very small 

and variations in the amount of this acid used may be neglected. A blank 

determination is only necessary when a new batch of perchloric acid, ammonium 

molybdate or dilute ammonia are used and should not exceed about 0.05. It 

should be checked every few days, in duplicate, during a run of analyses. 

Place g mle of Reagent No.' 1 and 2 to 3 drops of Reagent No. 2 into a 

conical flask and add about 1 to 2 ml. of synthetic sea water (see Section H). 

This addition provides a little solid in the flask to minimize volatilization 

of phpsphorus but contributes a negligible blank. Evaporate, without cover­

glass, until solid separates and only a few tenths of a ml. of perchloric acid 

remains. Cool somewhat, add 5 ml. of dilute ammonia solution, Reagent No.3, 

and evaporate to dryness but do not bake. Continue exactly as described in 

Section F paragraphs 5-7 and correct the resulting extinction for any cell to 

cell blank. 

3. Preliminary Cleaning of Glassware 

Clean pyrex Erlenmeyer flasks have been found to give no phosphate 

contamination. Flasks should be retained especially for the present method 

and not put into general circulation. Before their initial use, they should be 

boiled to fumes after adding about 30 ml. of water, 20 ml. of concentrated 

hydrochloric acid and 10 mI. of Reagent No.1. The perchloric acid is then 

refluxed vigorously in each flask for about one hour. A blank determination 

(G.2. above) should then be carried out on each flask before it is finally put 

into use. The flasks are rinsed thoroughly with distilled water after each 

determination and stored dI"J. The capillary antibump devices and the 2-inch 

coverglasses should be boiled for a few minutes in 50 per cent V/V hydrochloric 

acid solution before use or after a prolonged shut-down period. 
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H. Calibration 

1. Standard Phosphate Solution 

Dissolve 0.340 g. of anhydrous potassium dihydrogen phosphate, KH2P04, 

in 1000 ml. of distilled water. Store in a dark bottle with 1 ml. of chloroform. 

'The solution is stable for many months. 

1 ml. ~ 2.5 j-Lg.at.P. 

Dilute 10.0 mI. of this solution to 1000 ml. with distilled water. 

Store in a dark bottle with 1 ml. of chloroform. The solution should be stable 

for many weeks but, for safety, should be made afresh about once every 10 days. 

1 ml. - 2.5 x 10-2 ;.tg.at.P. 

1 r.ol. -==. 0 .. 50 jA-g.at.p./l. in 50 ml. of seawater sample. 

2. Synthetic Sea dater 

Dissolve 25 g. of analytical reagent quality sodium chloride, NaCl, 

and 8 g. of magnesium sulphate heptahydrate, l-lgS04' ?H20, in each liter of dis­

tilled water. This solution is best made up .in 5 - 20 liter quantities at a 

time and stored in polyethylene. The phosphorus blank. extinction on this solu­

tion should not exceed 0.1 - 0.15 initially. 

3. Procedure 

The evaporation and IlUlr:"L procedure described in this method result 

in a slight, but reproducible, of phosphorus 1i~hich may amount to'several 

per cent. If fuming is taken to d:cyness the loss approaches 15 per cent. The 

explanation for this is obscure bU7~ it appears as if phosphoric acid must co­

distill "lith perchloric acid vaj:'ou" iespite the very large differenees of 

vapour pressure at around 3000 C. lor safety, there!ore, it is best to cali­

brate each batch of samples by standards 'chroughout the entire method. 

Adcl 50 mI. of synthetic ;':;'2'=. !fater to each of five flasks. Reserve two 
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flasks as blank determinations and to each of the three others add 6.0 rol. of 

the dilute phosphate solution (equivalent to 3 jJ.g.at.P./l. on 50 rol.). Add 

B.O rol. of Reagent No. 1 to each flask and carry these standards and blanks 

through the full method as described in Section F paragraphs 2-7 inclusive. 

For colour development the standards should be placed in the ,middle of each 

batch of samples. 

Calculate the factor F from the expression: 

F = 3.00 
Es - Eb 

where Es is the mean extinction of the three standards and Eb is the mean 

extinction of the two blanks (~ corrected for cell to cell blanks). The 

value of F should be between about 3.5 and 4. 

Note. The factor F, as determined here, may be a little lower than the factor 

found in Standard Method No. P. 1.A. as no chlorides are present. The per-

chlorates and sulphates present after fuming with perchloric acid give less 

suppression of the colour than is found with an equivalent amount of untreated 

sea water. 
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Approved December 1957 standard Me.thod No 0 Po 2.A 

Adden~umNo,o 1 

DETE;RMINATION OF TOTAL I;'HOSPHORUS IN SEA WATER 

(AND, ORGANIC PHOSPHORUS BY DIFFERENCE) 

Addition to Section ! 

It appears to be impossible ~o prevent a very small~ but detectable~ 

pick-up of phosphorus from gla~sware over a suffici~nt period of time but 

pyrex boiling tubes, 290 mmo x 25 ~G holding about 80-90 mIa, have proved 
• t 

satisfactory for storing samples for total phosphate fQ~ a period exceed­

ing a montho The tubes are cleaned thoroughly in hot chromic-sulphuric 

acid for several hours~ rinsed thoroughly with distilled water and con­

ditioned by being allowed to stand full of slightly acidic water (1 drop 

of concentrated hydrochloric acid) for several monthso When not in use 

the tubes should be kept nearly full of acidic water and covered with a 

clean square of ~ar.afilmo In no circumstances should a cork qr rubber 

stopper ~e used as either can introduce contaminationo This water is emp-

tied~ and the tube draineq as dry as possible~ immediately before 50 ml. of 

sample are placed in it for storage on the shipo One tQ 2 drops of con-

centrated hydrochloric, should be added to each sample to acidify the sea­

water sample during storage, and the tubes shquld be re-stoppered by 

Parafilm sheetingo The very slight phosphorus pick-Up which may still 

occur during a c~ise (cao 001 ~goatoP/lo) can be minimized by storing 

tubes in a deep-freeze and by assessing a mean bl~nk correctiono This is 

obtained by storing synthetic sea water of known total phosph.orus cont,ent 

in 3 to 4 tubes selected at random and redetermining the total phosphorus 
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at the end of the c~uise. 

Addition to Section F - -
(ca. 0.1 ~.at.P/l.) Th~ extinction of samples should not exceed 

105, equivalent to about 6 ,.goat.~/lo, or' readings may be in appreciable 

error owing to optical defects in the spectrophotometer used. If extinc-

tion values exceed about 1.2 the slit width of the Beckman DU Spectrophoto-

met.er should be increased to 0005 mm .. to a+lpw gr.eater s~nsitivity of 

response in the instrument. 

For quantities of phosphorus, exceeding about 5 ~g.at.P/l. the six 
.1 

minutes reduction ~ime, Standard Method Noo P. 2.A, Section Fo 7, is too 

near the safe upper limit and the reduction time should be r~duced to 4 

minutes. (For 7 ~g.at.P/le the stable maximum extinction pers~sts from 

2 .. 5 to 6 .. 0 minutes at 23° C.) OccasionCflly total phosphorus extinction 

values ma! exceed 1..50 "When this occurs dilute 25 ml .. of the reduced 

solution to 50 m1.. in a stqppered graduated 50 m1.. measuring cylinder by 

pouring the sample into a cylinder containing exactly 25 mle of d1stilled 

water.. Mix and rel"'measure the ext.inctio,n at~. If this final extinction 

measurement is made no longer than 6 minutes after the addition of stannous 

chloride the extinction obtained after dilution may be doubled to give the 

correct initial ~xtinction value. In this manner the maximum total phos-

phorus that can be determined by Standard Method Noo P. 20A is extended to 

,correction to Section ! 
, ' 

6 + 0 16 At t~~ top of page 7 - -;-- + 0 0 16 should read - :172-
n 
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Approved June. 1957 standard Method Noo S1. l.,A. 

FISHERIES RESEARCH BOARD OF CANADA 

Pacific Oceanographic Group 
Nanaimo" B.C. 

DETERMINATION OF SOLUBLE SILICATE IN SEA WATER 

(File N 7-1-5 June 30, 1957) 

Ao Capabilities.2£ the Method 

Range 0 .• 1 - 140 J.l-go atoms SL/liter , 
The following data are based on a statistical treatment of the 

results obtained by trained operators in a shore-base laboratory. Statistics 

under sea-going conditions are awaited, but the precision is not expected 

to be worse b.r a factor exceeding about 1.5. 

10 Precision at 100~g.at.Sio/l Level , 
The correct value lies in the range: Mean of n determinations 

:t ~}tg.at.S1./l. (Determined using 1 cmo cellso) 
n l / 2 

20 Precision at 10· M.g.at.SL/l Level , 
The correct value lies in the range~ Mean of n determinations 

:t 0.,25 j-lgoat.SL/lo (Determined using 10 em. cellso) 
nl / 2 

3. Limit of Detection 

The smallest amount of silicate that can be detected with certainty 
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Reject duplicate determinations if the extinction* values differ by 

more than 0.0,. in the extinction range D., -,100 on al cmo cell, 

or more than 0.02, in the extinction range 0.1 - D., on a 1 cm. cell, 

or more than DoD,' in the extinction range D., - 1.0 on a 10 cm. cell. 

If duplicate extinction values differ by less than the above limits, 

take a mean value. 

Note. The abeve statistical data apply at the 0.05 probability level, i.e., 

the odds are 19 to 1 in their favour. 

B. Outline.2! Method 

The sea water sample is allowed to react with molybdate under condi-

tions which result in the formation of the silicomolybdate, phosphomolybdate 

and arsenomolybdate complexes. A reducing solution, containing metol and 

oxalic acid, is then added which reduces the silicomolybdate complex to give 

a blue reduction compound and simultaneously decomposes any phospho or 

arsenomolybdate, so that interference from phosphate and arsenate is elimi-

nated. The extinction of the resulting solution is measured using 1 cm. or 

10 cm. cells and light of wavelength near to 8100 A. 

c. Special Apparatus and Equipment 

A Be~kman DU Spectrophotometer or any other seaworthy spectrophotometer 

* The extinction, E, is defined as 10gloE£, where 10 and I are the incident 
I 

and transmitted light intensities, respectively. The Beckman DU Spectropho-

tometer is calibrated directly in extinction units. If the absorptiometer 

employed reads per cent transmission, T, calculate E as 10glO(:gO) • 
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capable of measuring the extinction of light of wavelength near to 8100 A. 

If the most precise values are needed for amounts of silica less than 

about 12 }kg.at.Si./l, then spectrophotometer or absorptiometer ce11s having 

a path length of 10 cm. and holding less than 40 ml. of solution should be 

available. 

Fifty ml. capacity stoppered graduated glass measuring cylinders, one 

for each silicate determination. 

Two polyethylene wash bottles, one of at least 300 ml. capacity. 

D. Special Reagents Required 

1. Molybdate Reagent (ijeagent No.1) 

Dissolve 4.0 g. of analytical reagent quality ammonium paramolybdate, 

(NH4)6Mo702404H20 (preferably finely crystalline) in about 300 mlo' of dis­

tilled water. Add 12.0 ml. of concentrated hydrochloric acid (12 N s.g. 1.18), 

mix and make the volume to 500 ml. of disti11ed water. Store the solution 

in a polyethylene bottle in which it is stable for many months provided that 

it is kept out of direct sunlight. 

2. Metol-Sulphite Solution 

Dissolve 6 g. of anhydrous sodium sulphite in 500 ml. of disti11ed 

water and then add 10 go of'metol (p-methylaminophenol sulphate). When the 

metol has dissolved filter the solution through a No. 1 Whatman filter paper 

into a polyethylene bottle. The solution is stable for many months provided 

that the bottle is tightly stoppered but should be discarded if a very pro­

nounced brown colouration develops. 

3. Oxalic Acid Solution 

Prepare a saturated oxalic acid solution by shaking 50 g. of analytical 

reagent quality oxalic acid dihydrate with 500 ml. of distilled water. Decant 
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the solution from the crystals for use. This solution may be stored in a 

glass bottle and is stable indefinitelyo 

4. Sulphuric Acid Solution 50 Per Cent V!V 

Pour 250 ml. of concentrated (sog. 1082) analytical reagent quality 

sulphuric acid into 250 ml. of distilled water. Cool to room temperature 

and make the volume to 500 ml. with a little extra water. 

5. Reducing Reagent (Reagent No.2) 

Mix 100 ml. of metol-sulphite solution wi~h 60 ml. of oxalic acid 

solution. Add slowly, with mixing, 60 ml. of 50 per cent V/V sulphuric acid 

solution and make the mixture to a volume of 300 mlo with distilled water. 

This solution should be prepared for immediate. use. It may be kept for up to 

a week in the dark in a glass or polyethy;t.ene bottle, provided that the 

bottle is tightly stoppered. 

E. Sampling Procedure and S~ple Storage 

Samples of sea water should not be stored in glass bottles for more 

than a. few minutes prior to analysis and it is best, therefore, to transfer 

samples directly into waxed glass or into polyethylene containers. To mini­

mize the effect of diatom multiplication store samples in the dark and for no 

longer than a day prior to analysis 0 Storage of low plankton waters is 

feasible for a few weeks if samples are kept at or near to 0° C but some 

suspended siliceous matter dissolve and cause an appreciable error if the 

storage period exceeds a fortnight. 

F. Experimental 

Procedure 

1. Sample solutions should be at a temperature between about 18° 0 and 



25- C (note" a). Add 10 ml. of molybdate solution (Reagent No.1) to a dr,y 

50 ml. measuring cylinder, fitted with a stopper (note b)o Pipette 25 ml. 

of sea water sample into the cylinder, stopper, mix the solutions and allow 

the mixture to stand for 10 minutes (notes c and d). 

2. Add the reducing reagent (Reagent No.2) rapidly so as to make the 

volume exactly 50 ml. (note b) and mix immediate~ (note e). 

3. Allow the solution to stand for 1-2 hours (note f) to complete the 

reduction of the silicomolybdate complex (note g). If precise values are 

required on amounts of silicon below about 12 ~.at.Si./l use a 10 cm. cell, 

otherwise measure the extinction of the solution in a 1 cm. cell against 

distilled water. A wavelength of 8100 A and a slit width of 0003 mm. should 

be used with the Beckman DU spectrophotometer (red sensitive photocell). If 

a filter-type absorptiometer is used chose a filter having a maximum trans­

mission above 7000 - 8000 A (note h). Record extinction values (and corrected 

values, see 4, below) to the nearest 0.001 unit in the range 00000 - ~0200, 

to the nearest 0.0025 unit in the range 0.200 - 00400 and to the near~st 

00005 for extinction values exceeding 0.400. Unless adjacent samples are 

known to have extinction values within about 25 per cent of each other the 

absorptiometer cell should be rinsed with each new solution before filling. 

4. Correct the measured extinction b.r subtracting a reagent blank ob­

tained with a 1 cmo or 10 cm. cell as appropriate (see Se~tion G)o Calculate 

the soluble silicate concentration in microgram atoms of silicate silicon 

per liter ( )J. g.at.Si./l) from the expression: 

~g.at.Sio/l = corrected extinction x F 

Where F is a factor for each length of cell, obtained·as described in Section 

ij below. Report results to three significant figures. Neither phosphate nor 

arsenate interfere with this method. 
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Notes 

a. There is no.pronounced temperature effect with this method but 

samples, especially at the reduction stage, should be at a temperature ex-

ceeding.about 18° C. Temperatures exceeding 25 - 30· C must be avoided as' 

this hastens the decomposition of the silicomolybdate complex. 

b. The ammonium. molybda.te should be measured directly to about:!: 0.5 mlo 

in the cylinder being used. At sea this reagent, and the reducing reagent 

(see 2) are conveniently dispensed from polyethylene wash bottles. 

c. The silicate and molybdate must combine before the reducing agent is 

added. Ten minutes is allowed for this reaction. The addition of the reduc-

ing solution must not be delayed for more than a further 30 minutes or. else 

undesirable changes in the isomeric form of the silicomolybdate complex will 

take place. 

d. The sample is added to the acid molybdate reagent, rather than in the 

reverse order, so that the sea water-molybdate mixture is always above a 

certain acidity. This prevents the possible formation of an undesirable 

isomeric form of the silocomolybdate complex. 

e. The use of a metol reductant results in a less sensitive method than 

is found when stannous chloride is used. However, sensitivity is not of 

prime importance with silicon, which is relatively abundant in sea water in 

comparison with an element such as phos phorus, and the metol reagent has 

some advantages. The reagent is more stable than stannous chloride and the 

long-term stability of the blue colour formed is much greater when metol is 

used. As yellow pentavalent mo~bdenum. compounds are not produced the pro-

(ledure for estimating the "blanklt correction is much less complicated than 

is the caSe when stannous chloride is employed. Oxalic acid is added to the 

reducing reagent to decompose aQY phospho or arsenomolybdate formed along 
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with the silicomolybdate complex. 

f. The time required for full formation of the blue colour varies a 

little with the amount of silicon being determined. With less than about 

50 ~g.at.Si./l one hour is sufficient. For amounts exceeding 75 - 100 

~g.at.Si./l, however, only some 95 per cent of the silicomolybdate complex 

may be reduced in 60 minutes and, for safety, at least 1 1/2 - 2 hours should 

be allowed. A very slight increase (1 - 2 per cent) may be recorded in the 

next 12 - 24 hours but the effect can be neglected. Solutions are, for all 

practical purposes, stable for 12 hours. 

g. The dependence of extinction on salinity is discussed in Section H$ 

below. 

h. Unless the absorptiometer is sensitive to the near infra-red a 

marked reduction in the sensitivity of this method can be expected. The 

effect is not serious for wavelengths exceeding 6500 A but a slight deviation 

from the Beer-Lambert Law may necessitate the u~e of calibration curves. 

G. Da-terinination.9! Blanks 

Normally the effect of sea water turbidity may be neglected but if 

precise values for amounts of silicon less than 5 - 10 JA.g.atoSio/l are 

required on turbid waters (using 10 cm. cells) a turbidity correction should 

be applied (see, for example, Standard Method Noo P. loA., Section G). 

The blank correction for distilled water stored in polyethylene may 

be considered negligible, and a satisfactory blank for the reagents is ob­

tained b.r using distilled water to replace the sea water. 

Carry out the method exactly as described in Section F$ paragraphs 

1 - 3 inclusive, using 25 mlo of distilled water in place of the sea water 

sample. This blank should not exceed about 0.01 on a 1 cm. cell or 0.1 on 

a 10 cm. cell and should be measured for each batch of reagents and checked 
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at weekly intervals during a cruise 0 If 10 am. cells are used the blank 

should be determined, in duplicate, with each batch of samples. 

" H. Calibration 

10 Standard Silicate Solution 

Ignite about 0.5 go of chromatographic powdered silicic acid in a 

platinum dish for one hour at 1000· Co Cool in a desiccator. Weigh out 

0.150 go of the resulting anhydrous silica into a platinum crucible and add 

1 g. of anhydrous sodium carbonate, Na2C030 Mix the solids with the tip of 

a clean dr,y nickel spatula and fuse gently over a bunsen burner until the 

melt is quiet. Finally hold the m~~t at 1000· C in a muffle furnace for·a 

few minutes until it is quite clear. Cool and extract quantitatively in a 

little hot water. Make the resulting solution to exactly 500 ml. in a 

measuring flask and transfer the solution immediately to a polyethylene 

bottle. The standard is strable indefinitely. 

1 ml. := 5 j-A-g.at .Si. 

Dilute 10 ml. of this solution to 500 mL with synthetic sea water 

(see below). Use this solution at once for calibration purposes. If a delay 

of more than a few hours is necessar,y the solution "should be transferred to 

a plastic container. 

1 mlo = 001 ~.at.Si. 

1 ml. 'So 4. )AI.at.Sioll in 25 mL of sea water sample. 

2. SYnthetic Sea Water 

~i~solve 25 go of analytical reagent quality sodium chloride, NaCl, 

and 8 go of'~'IJla.gnesium sulphate heptahydrate, MgS0407H20 in each liter of dis­

tilled water. This water is equivalent, for analytical purposes to sea water 

of salinity 28·/..... This solution is best made up in 5 - 20 liter quantities 
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at a time and ~ be stored in a polyethylene container. The silicon 

content of this solution should not exceed 1 - 2 ~.at.Si./lo 

3. Procedure 

Carry out the silicon determination as described in Section F, 

above, (paragraphs 1-3) using 25 ml. of the silicon standard (dilute) instead 

of a sea water sample. Determine the extinction of six such standards and 

of two blanks made with synthetic sea water. A reagent blank is unnecessary. 

Measure the extinction in a 1 cm. cell after allowing at least 2 hours for 

full colour development (see note f)o 

Calculate the factor Fl cm. from the expression: 

where Es is the mean extinction of the six standards and Eb is the mean ex­

tinction of the two blanks.. The value for Fl cm. should not change and re­

quires checking only infrequently at the discretion of the analyst. The 

value should be very close to 100.. If a 10 cm. cell is used, for the most 

precise estimate of low amounts of silicate (less than about 12 )-A-goatoSL/l), 

the factor FlO cm. is equal to 0.1 x Fl cm. 

~.. The factor F is a function of the salinity of sea water samples. 

Between salinities 25 0/00 and 35 0/00 the variation is less than 3 per 

cent and may be neglected.. The factor F s at a s alini ty S 0/00 is related 

to the factor, F, obtained as described above b.r the approximate formula: 

Fs == F x' (1 + 0.003.S) 
1.08 

This correction should be used tor the most precise work when the salinity 

varies by more than about 10 0/00 from a value of 28 %0. The factor for 

pure water (zero salinity) is thus some 7 per cent less than the valua ob­

tained by the present m~thod using synthetic sea water. 
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Approved June,. 1957 

FISHERIES RESEARCH BOARD OF CANADA 

Pacific Oceanographic Group 
Nanaimo, B oC 0 

DETERMINATION OF NITRITE IN SEA WATER 

(File N 7-1-5 June 30, 1957) 

A. Capabilities.9! the Method 

Range 0001 - 2.5 ug. atoms N/liter , 

The following data are based on a statistical treatment of the results 

under sea-going conditions b.1 trained operators' using the procedure exactly 

as described. 

L Precision at 1 JA.g.aLN./L Level 
> 

The correct value lies in the range: Mean of n determinations 

! 0.032 ,P-goat.N./L 
nl / 2 

20 Precision at 003 ug •. at.N 0/10 Level 

The correct value lies in the range: Mean of n determinations 

3 0 Limit of Detection 

The smallest amount of nitrite nitrogen that can be detected with 

certainty is 0.01 ~goatoNo/lo 

Reject duplicate determinations if the extinction* values differ b.1 

* The extinction, E, is defined as loglO I o, where Io and I are incident and 
I 

transmitted light intensities, respectivelyo The Beckman DU Spectrophoto-

meter is calibrated directly in extinction units. If the absorptiometer 

employed reads per cent transmission, T, calculate E as lOglO~~). 
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more than 0.03 in extinction range 0.5 - 1.0 

or more than 0.02 in extinction range 0.1 - 0.5 

or more than 0.005 in extinction range 0.03 - 0010 

If the duplicate extinction values differ by less than the above limits, 

take a mean valueo 

~. The above statistical data apply at the 0005 probability level, ioeo 

the odds are 19 to 1 in their favour. 

B. Outline 2f Method 

The nitrite in the sea water is allowed to react with the aromatic 

amine, sulphanilamide, in an acid solution. The resulting diazo compound re­

acts with N(l-napthyl) ethylene diamine and forms a highly coloured azo dye 

the extinction of which is measured using 10 cm. cells and light of wavelength 

near to 5400 Ao 

C. Speoial Apparatus ~ Eguipment 

A Beclanan DU Spectrophotometer or any other 'seawo~hy.spectrophotometer 

capable of measuring the extinction of light of wavel~ngth near to 5400 Ao 

Spectrophotometer or absorptiometer cells having a path length of at 

least 10 cm. and ,holding less than 40 mL of solution. 

D. Speoial Reagents Reguired 

10 Sulphanilamide Reagent (Reagent No.1) 

Dissolve 5 g.o._BuJphaniJamide in 50 ml. of conce"ntrated hydrochloric 

acid (s.go lola) and dilute the solution to 500 mlo with distilled water. This 

solution is suable for many months. 

20 N(l-napthyl) Eth.yleneDiamine Dihydrochloride Reagent (Reagent No .. 2) 

Dissolve 0050 g. of the dihydrochloride in 500 ml. of di$tilled water. 
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store the solution in a dark bottle. The solution is stable for many weeks 

but should be renewed if the blank (see Section G) becomes too high. 

Eo Sampling Procedure and Sample Storage 

The 50 mL measuring cylinder and 125 mL conical pyrex flasks used 

for this determination should be rinsed twice with the sample, drained b.r in­

verting and shaking and then 50 ml. of sample measured into the flask. Sample~ 

are stable in subdued light for many hours at room temperature but the analysis 

should not be delayed for more than about 5 - 10 hours. If greater delays are 

unavoidable the samples should be frozen. Withdraw a separate sample of about 

20 ml. for turbidity measurement unless this is to be obtained in a simultaneous 

phosphate or other determination. 

F. Experimental 

Procedure 

1. Measure the extinction of samples to obtain the turbidity correctiono 

(See 3 below for the necessary precision of measurement. See Section Go3 for 

further details.) 

2. Add 100 mlo of sulphanilamide solution (Reagent No.1) from an automatic 

pipette to each sample (50 ml. in a 125 mlo conical flask), mix, and allow the 

reagent to react for a period greater than 2 minutes but not exceeding 8 minutes 

(notes a and b)o 

3. Add 1.0 mlG of napthylethylene diamine solution (Reagent No •. 2) and 

mix immediately.. Between 10 minutes and 2 hours afterwards measure the ex­

;tinction of the solution in a 10 cm. cell against distilled water (note c). 

A wavelength of 5430 A and slit width of 0.,03 mm. should be used with the 

Beckman DU Spectrophotometer (blue sensitive photocell). 

If a filter-type absorptiometer is used choose a filter having a peak 



transmission as near to 5400 A as possible. Record extinction values (and 

corrected values, see 4 below) to the nearest 00001 unit in the range 00000 -

00200, to the nearest 0.0025 unit in the range 0.200 - 0.400 and to the nearest 

00005 for extinction values exceeding 00400. Unless adjacent samples are 

known to have extinction values within about 25 per cent of each other, the 

absorptiometer cell should be rinsed with each new solution before filling. 

4. Correct the measured extinction b,ysubtracting both turbidity and re­

agent blanks (see Section G). Calculate the nitrite nitrogen concentration in 

micro-gram atoms of nitrogen per liter (~g.at.N./l) from the expression: 

~g.at.N./l = corrected extinction x F 

where F is a factor obtained as described in Section H below. Report results 

to three significant figures. Numerous compounds can interfere with this 

method, but none of them will be present in significant amounts in ocean, in­

shore or estuarine waters. 

Notes 

a. This method is not appreciably affected by salinity, small changes in 

reagent concentration and volume or by temperatureo The latter, however, should 

be within the range of about 15° C to 25° C. The exact volume of sample is not 

critical but should lie between 45 and 55 ml. 

b. The diazotising reaction requires 2 minutes for completion, but undesir­

able side reactions and decomposition become significant after about 10 minuteso 

co Ten minutes is required for complete colour development. The colour is 

stable for at least two hours but slowly fades thereafter. A 2-hour maximum 

is a safe limito 
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G. Determination of Blanks 

10 Cell to Cell Blanks 

When both sample and distilled water cells are filled with distilled 

water the extinction of one against the other should be 0.000. Due to slight 

optical defects, a slight positive or negative value may be found. This is 

allowed for when turbidity blanks are subtracted (see below) but the value 

should be found when determining the reagent blank. The water in the distilled 

water cell should be changed ever.y day as marked turbidities can result, even 

in distilled water, if it remains in the cell for too long. 

2. Reagent Blanks 

Carr.y out the method exactly as described in Section F, paragraphs 2 

and 3 inclusive, using distilled water in place of sea water. Correct the 

resulting extinction for the cell to cell blank. The reagent blank should not 

exceed 0.03. The origin of this blank is obscure. It appears to arise mainly 

when both reagents are mixed and changes somewhat from day to day. It should 

be determined (mean of duplicates) for each batch of samples. 

3. Seawater. Turbidit;y- Blanks 

These may be a very appreciable fraction of the total extinction which 

rarely exceeds 0.3 in nitrite determinations. Turbidity blanks should be 

determined on the surface and 10 m. samples of each cast. Measure at progres­

sively greater depths until the value becomes appreciably constant. Thi's value 

(generally less than 0.01 at below 25 m. in offshore waters) is then roughly 

equal to the cell to cell blank (Section G.l above) and may be slightly nega­

tive. For the most precise work, turQidity blanks should be measured on sepa­

rate 20 ml. samples of the sea water concerned, but it is normally sufficient 

to take the values used for phosphate or other determinations if these have 
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been measured within a few hours of the nitrite determinations. 

H. Calibration , 

1. Standard Nitrite Solution 

Anhydrous analytical reagent quality sodium nitrite, NaN02-, is suf­

ficiently pure for calibration purposes. For safety a little of the salt should 

be dried at 110· C for an hour. Dissolve 0.345 g. in 1000 ml. of distiiled 

water. Store the solution in a dark bottle with 1 ml. of chloroform as a pre-

servative. The solution is stable for at least 1 to 2 months. 

1 ml. 5 5 )"g.at.N. 

Dilute 10.0 ml. of this solution to 1000 ml. with distilled water and 

use the same day. 

1 ml. _ 5 x 10-2 >tg.at.N. 

1 ml. == 100 j-lg .. at.N./l in 50 mlo of seawater sample. 

2. Procedure 

Prepare four standard solutions consisting of 2.00 ml. of the dilute 

nitrite solution (measured with a 2.00 ml. graduated pipette) made to a volume 

of 50 ml. in a graduated flask or 50 ml. measuring cylinder. Transfer the 

solutions to four dr,y 125 ml. conical flasks and place 50 mle of distilled 

water in two' more flasks to act as blanks 0 Carr,y out the nitrite determination 

as described in Section F above (paragraphs 2-3). 

Calculate the factor F'from the expression: 

where Es is the mean extinction of the four standards and Eb is the mean ex­

tinction of the two blanks (~ corrected for cell to cell blanks). 

~. The factor F does not vary with time or over a wide range of experimental 
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conditions and is near to 2.1 when the Beckman DU Spectrophotometer is em­

ployed. For safety it should be checked before the use of any new batch of 

reagents, or before each cruise. 
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Approved July. 1957 Standard Method Co loA. 

FISHERIES RESEARCH BOARD OF CANADA 

Pacific Oceanographic Group 
Nanaimo, BoC 0 

DETERMINATION OF CARBONATE, BICARBONATE AND FREE CARBON 

DIOXIDE IN SEA WATER FROM PH AND ALKALINITY l'IEASUREMENTS 

(File N 7-1-5 July 15, 1957) 

Definitions cf 0 Addendum No o b ~ 1100 
, 

10 Total Alkalinity 

Titration alkalinity is the number of milliequivalents of hydrogen 

ion that are neutralized by one kg. of sea water at 20° C when a large excess 

of acid is added. This approximates closely to the acid required to titrate 

a solution to the pH inflection point near pH 4.5. The total alkalinity is 

often expressed per liter (20° C) rather than per kg. and the difference of 

2 to 3 per cent is rarely significant. A volume' basis is used in the tables 

and equations in the present methodo 

2. Specific Alkalinity 

This is defined as the ratiog 

total alkalinity (kg. basis) = total.alkalinity (liter basis) 
Cl °Joo C1/l;200 C . 

and approximates to 001250 The ratio may vary appreciably, however, according 

to the nature of the water mass concerned and must be determined experimentally 

for the most precise worko 

3. Carbonate Alkalinity 

The number of milliequivalents of hydrogen ion that are neutralized b,y' 

one kgo of sea water (or one liter at 20· C in the present method) in converting 
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carbonate and bicarbonate ions to carbon dioxide by the reactionst 

CO 2- + H+ >. HCO 1-
3 " 3 

In all natural sea waters, with a salinity exceeding about 10 0/00 -

15 0/00, the total alkalinity will arise from the ions C032-, HC03
l -, H2B03

l -, 

1- + OH and, in a negative sense, H. The effect of other ions can be neglected. 

Therefore, by definitions, if [ ] represents concentration in millimoles per 

liter: 

Total alkalinity = [HC03lj + 2 [9032J + ~2B0313 + [cmlj - [H;] 

Whence: 

Carbonate alkalinity = total alkalinity - ~H2B03l3 - [OHlj + [H+] 

The terms [OH1J and [H+] may be neglected in the pH range 5.3 - 807. 

The term ~2B03lj may only be neglected at pH values less than 703, 
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PART .! 0 DETERNINATION m: EXPERIMENTAL QUANTITIES 

A. Capabilities.2! the Method 

10 pH Determination 

Range pH 703 - pH 808 

The equipment and conditions used are so varied that no general state­

ment can be made. If the pH is used as a general indic.ator of. water masses and 

water structure a precision of ± 0003 unit is probab~ sufficient and should be 

easily obtainable. 

For measurements designed to be Used in the calculation of the total 

carbon dioxide content of seawater a precision of :!: 0.02 unit should be attempted 

and can be obtained under sea-going conditions if care is taken. 

For measurements designed to be used in the calculation of the relative 

amounts of the various forms of carbon dioxide (C032-, HC03
1- and free CO2) the 

highest possible precision is required in pH measuremento Ideally a precision 

of ~ 00005 unit should be attempted but under most conditions it is doubtful . 

whether better than! 0.01 can be achieved and then the greatest care in sampl ... 

ing and standardizations is requiredo 

Bo Outline £f Method 

The pH of a s~ple is measured by a glass electrode and electrometer 

type pH meter after taking certain precautions in sampling and standardizationo 

The pH is measured at laborator,r temperature and pressure and the pH of the sea 

water, !£ situ, is derived by calculations involving a knowledge of the tempera­

ture and pressure of the sample when taken .. 

Co Special Apparat us i!!!S. E9w:pment 

For the most precise work a Beckman Model G pH meter, or an instrument 

of similar specification, should be employed with uwide range" (_50 C to 80· C, 
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pH 0 to 11) glass electrodes and saturated calomel half-cell electrodes. Auto­

matic reading instruments are satisfactory for shipboard use, where a precision 

of about ~ 0.03 uni~ is acceptable. 

Fifty ml. wide-mouth screw-capped polyethylene bottles for each sampleo 

D. Special Reagents Required 

Standard Buffer 

0.025 ]11. KH2P04 of 0.0251-1. Na2HP04' pH 6.87 at 20 - 25,0 C 

Dissolve 34.0 g. of potassium phosphate (monobasic), KH2P04, and 35.5 g. 

of anhydrous sodium phosphate (dibasic), Na2HP04' in distilled water and make 

the volume to 1000 ml. in a measuring flask. Store in a tightly-stoppered glass 

bottle. 

Dilute 100 ml. of this solution to 1000 ml. with distilled water for use. 

The dilute solution should be stored in polyethylene and is stable for many 

weeks if evaporation is prevented. 

E. Sampling Procedure ~ Sample Storage 

Samples must be warmed to laboratory temperature before measurement and 

this should occur with the minimum exchange of atmospheric and dissolved car-

bon dioxide. In no circumstances must the delay in measuring the pH exceed 1 to 

2 hours. The sample should be taken from reversing bottles immediately after 

the oxygen sample (Standard Method No. o. l.A.) by filling a 50 ml. wide-mouth 

(27 rom. in diameter or greater) polyethylene bottle to the brim and closing it 
. . 

at once with a tight-fitting screw cap. 

If thin, probe-type, electrodes are available, which may be inserted in 

an opening of 12-15 rom. diamete:r ,.the samples may be: collected. in 30 or 50 lnl. 

polyethylene narrow-mouth screw-capped bottles, filled to the brim. 
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F • Experimental 

Measure the temperature of the buffer solution (see Section n) to the 

nearest 1° C, adjusting it, if necessary, so that the temperature lies between 

20 0 C and 25· c. Set the temperature compensator of the pH meter to this tem­

perature and the pH to read 6oS7 and standardize the instrument according to the 

maker's instructions allowing 5 minutes for the electrodes to reach equilibriumo 

The pH of the buffer is constant in the temperature range 20 0 C to 25 0 C and a 

standardization at pH 6087 will be effective for the pH range 7-9. With a 

satisfactory meter and electrodes the standardization need be repeated only once 

or twice a day. 

Pla.cethe samples in a water oath; prei'erabi;f thermost.atiCallY controlled, 

until they attain a temperature within! 3° C of the temperature at which the pH 

meter was standardized. (If the temperature of samples and buffer differ b.r 

more than 3· C errors may become appreciable as the temperature compensator on 

the pH meter does B2i effect a complete temperature correction.) 

If the electrodes have just been immersed in buffer they should be 

washed with water and gently dried with a little paper tissue, otherwise the 

electrodes are transferred from one solution to another without rinsing or wip­

ing. Remove the cap from the sample bottle and immerse the glass and calomel 

electrodes well down into the bottle. Measure the pH and temperature of the 

sample after not less than 3 minutes and not longer than 5 minutes immersion, 

adjusting the temperature compensator of the meter to the solution temperature 

just before a final reading is taken. The solution should be gently swirled 

once or twice to assist the electrodes in reaching equilibriumo 

Note the pH and the temperature of the solution, p~ and ~, respec­

tively. If the sample was initially at a temperature, to C, when taken at a 
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depth d meters, its correct pH, 19~, is given by the expression: 

pHs = pHm - x(t -tm) 
neglecting pressure effects. The latter are rarely significant but the pH at 

depth d meters, P%., is related to the pH at the surface, pHs, by the expression:-

pHd = pHs - y.d. 

Values for the coefficients x and yare given in PART III, Tables IA and IBo 

The temperature correction should always be applied before making the calcula­

tions described in PART II. The pressure variation is negligible for samples 

taken above about 500 m. 
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2. Total Alkalinity Determination 

Range 0 - 208 millieguivalents per liter 

A. Capabilities.2f. the Method 

The following data are based on a statistical treatment of the results 

obtained in a shore-base laboratory qy trained operators using the procedure 

exactly as described and a direct reading Beckman Model H2 pH meter. A slightly 

improved precision should be possible using a Beckman Model G meter. 

1. Precision at the 200 MillieguivalentsTotal Alkalinity Level 

The correct value lies in the range: Mean of n determinations 

~ 000j2 milliequivalents total alkalinity per liter. 
n 1 2 

Reject duplicate determinations if the pH values after acidification 

(see below) differ by more than: 

B. Outline.2!. Method 

0.02 at the pH 3.0 level. 

0.04 at the pH 3.5 level. 

0.08 at the pH 400 level. 

One hundred ml. of sea water sample are mixed with 25 ml. of exactly 

000100 N hydrochloric acid. The pH of the resulting solution is measured. The 

standard acid in excess of that required to titrate the sample to the carbon 

dioxide inflection point is computed from a knowledge of this pH and an empiri-

cal factor. This excess acid is then subtracted from 2.500 milliequivalents/l 

(the amount initially added by 25 ml. of 0.01 N acid) and the total alkalinity 

of the sample is thus .evaluated. 

C. Special Apparatus and Eguipment 

For the most precise work a Beckman Model G pH meter, or an instrument 

of similar specification, should be employed with "wide range ll (-50 C to 000 CoP 
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pH 0 to 11) glass electrodes and saturated calomel half-cell electrodes. Auto­

matic reading instruments are only acceptable if used with the greatest possible 

precision (± 0.025 unit or better). 

Two hundred ml. wide-mouth screw-capped polyethylene bottles for each 

sample. 

Do Special Reagents Reguired. 

10 Standard 0.01000 N Hydrochloric: Acid. 

Prepare 0.01000 N hydrochloric acid b.1 standardizing acid of a slightly 

greater concentration and then adjusting the volume by the addition of a cal­

culated amount of distilled water to bring the normality to precisely 0.1000 

No pilute this solution exactly ten fold, by a pipette and measuring flask, 

before use. 

2. Standard Buffer 

0005 M. Potassium Htdrogen Phthalate 

Dissolve 10.21 gm. of analytical reagent quality (primary buffer stan­

dard specification) potassium hydrogen phthalate, KHCgH404' in distilled water 

and make the volume to 1000 ml. in a measuring flask. Store in a glass bottle. 

The solution is stable in the absence of evaporation and the formation of a 

slight turbidity introduces no error. 

E.o Sampling Procedure ~ Sample Storage 

.No great problems are encountered in sampling and storage. The samples 

are best stored in plastic or in glass bottles that have been soaked for several 

days in one per cent hydrochloric acid and then rinsed thoroughly in distilled 

water before they are dried. Evaporation must be prevented by tightly stopper­

ing the containers and it is best to carry out the determinatiens on the same 

day as the samples are taken by pipetting the seawater sample directly into 



~l05-

standard acid, (see Section F). However, careful storage of the samples for 

several weeks, as for salinity (see Stand~rd Method No. Sal. 1.A), is permis­

sible. 

F. Experimental 

Pipette 25.0 ml. of standard 0.01000 N nydrochloric acid into a dry 200-

ml. polyethylene wide-mouth screw-cap ~ottle. Add from a pipette 100.0 mle of 

seawater sample. Stopper the bottle and mix the solutions thoroughly. Warm 

the solution to room temperature and measure the pH exactly as described in 

PART, I l.E. above, except use the phthalate buffer to standardize the pH meter 

instead of the phosphate buffer. The pH of the phthalate buffer between 200 C 

and 250 C is taken as 4.00. 

G. Calculations 

1. Find the value of aH corresponding to the measured pH value from Table 

II. The pH must lie in the range 2.8 - 4.0. (As the pH is measured in the 

range 20 0 C to 25 0 C no temperature correction is necessary.) 

2. Find 'the value of f from Table III, according to the salinity and pH 

value. 

3. Calculate the total alkalinity from the equation: 

Total alkalinity = 2.500 - 1250 (iE) 

Note 1. For chlorinity values between 12 and 18 (S 0/00 22 - 33) and final pH 

values between 3.0 and 3.9 the total alkalinity may be read directly 

from Table IV without incurring appreciable errors. 

Note 2. If the final pH is greater than 4,,0 remove the electrodes, but do not 

wash them, and pipette 5.00 ml. of 0.01000 N acid into the bottle. 

Mix the solution and again measure the pH. Calculate aH and f as 
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a.bove and substitute in the equation: 

Total alkalinity • 3.000 - 1300(~) 

This procedure will be necessa.ry with most ocean waters of S -t ., •. 

greater tha.n 33 .j ••. 
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PART II. CALCULATIONS!NQ!l§! OF TABLES 

~. 
Mg. carbon =< millimoles carbon dioxide (in any form) x 12. 

1.. Calculation of the Carbonate Alkalinity 

Reguired: Total alkalinity (may be obtained from the specific alka­

linity and the chlorinity for approximate work), chlorinity 

or salinity, initial temperature, pH and the temperature at 

which the pH was measured •. 

a. Calculate the initial pH of the water from Table lAo 

b. Look up the quantity, A milliequivalents per Uter, from Table V. 

c. Carbonate alkalinity =< total alkalinity - A •. (milliequivalents/l). 

2.. Calculation of the Total Carbon Dioxide Content (All Forms) 

Reguired: Total alkalinity (may be obtained from the specific alka­

linityand the chlorinity for approximate work), chlorinity 

or salinity, initial temperature, pH and the temperature at 

which the pH was measured. 

ao Calculate the initial pH of the water from Table lAo 

b. Calculate the carbonate alkalinity as in 10 aboV'e. 

co Look up the factor FT in Table VI. 

do Total carbon dioxide content = carbonate alkalinity x FT (millimolesjl) 0 

3. Calculation of the Partial Pressure and Concentration of Carbon Dioxide 

Note: In the equilibrium: 

C02 + H20 ~ H2C03 

for sea water only one per cent or less of the total carbon 

dioxide is in the form of carbonic acid. This equilibrium is 

attained relatively slowly in sea water. In living tissue 
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the enz.y.me carbonic anhydrase greatly accelerates the combination 

of water and carbon dioxide gas. 

Required: Carbonate alkalinity (see Labove), chlorinity or salinity, 

ini tial temperature, pH and the temperature at which the pH 

was measured. 

a. Calculate the initial pH of the water from Table IA. 

b. Look up the factqr Fp in Table VII. 

c. Partial pressure of carbondiaxide,e PCQ2' = 

carbonate alkalinity x Fp (atmospheres). 

d. Look up the solubility of carbon dioxide in unbuffered sea water of 

a given salinity and temperature from Table VIII. "IfOC is this 

value in millimoles per liter. 

e. Concentration of dissolved carbon dioxide = PC02 x 0( (millimoles/l) 0 

4. Calculation of the Bicarbonate Ion Concentration HCO 1-

Required: Carbonate alkalinity (see Labove), chlorinity or salinity, 

initial temperature, pH and the temperature at which the pH 

was measured, the dissociation constant K, where K is 

defined as: 

PC02 x 0( x aH20 

where aH is measured by a glass electrode and aH20 is the 

activity of the water molecules in sea water. Values for K 

as a function of temperature (in situ) and chlorinity (or 

salinity) are collected in Table IX. 

a. Calculate the initial pH of the water from Table lA. 

b. Look up the corresponding aH value from Table II. 
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Bicarbonate concentration ~C031:l = 

carbonate alkalinity xl aH \ as millimo1es/lo 
raH + 2K) 

5. Calculation of the Carbonate Ion Concentration [C032:J 
Required: Carbonate alkalinitr (see 1. above), chlorinity or salinity, 

initial temperature, pH and.the temperature at which the pH 

was measured, the dissociation constant K. 

a. Calculate the initial pH of the water from Table IA. 

b. Look up the corresponding aH value from Table 110 

c. Carbonate concentr~tion, [C032j = 

carbonate alkalinity x( K \as millimoles/l. 
aH + 2K) 

~. If the pH aKceeds B.l: 

Carbonate concentration, 12032:1 .: 

total carbon dioxide conten~ - [HC031j, 

where the total carbon dioxide is evaluated as in item II, 2. above. 
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Appr~ved December 1957 standard Method C. loA 

Addendum No.1 

DETERMINATION OF CARBONATE, BICARBONATE AND FREE CARBON 

DIOXIDE IN SEA WATER FROM PH AND ALKALINITY MEASUREMENTS 

IntroductoEY Remarks 
i 

Re~determination of the dissociation constants of boric acid and 

carbonic actd in sea water by Dr. J. Lyman (Jo Lyman Ph.D. thes~s, U.C.L.A. 

1957. Buffer Mechanism of Sea Water) has substantiate~ the Buch values 

(K. Buch, Das Kohlensaure gleichgewichtssystem im Meerwasser. Havsforskn 
t ' 

Inst. Skr. Helsingf. No. 151. 1951) used to compute the Tables in Staq-

dard Method C. 1.A, except for the second dissociation constant of carbonic 

acid. pK values for this dissociation are now considered to be some 0015 

units higher than previous,ly supposed. The data in Tables VI, VII and IX 

are consequently subject to rev{sion. 

rhe constant K defined on page 108 of Standard Method C. loA and 

reported in Table IX should be defined as: 

K :: ~ X003
2J 

~C031~ 

Tables VI, VII and IX are to be deleted and replaced by the fol-

lowing Tables. 



Table IA. 

Temperature correction 12£ ~ values in ~ water 

If pHs is the original value of the pH of the sample, in situ, at a 

temperature t· C and pHm is the pH measured in the laboratory at t m• C 

(generally greater than to C) them 

pHs .. P~ - x(t - tm) 

and x is given in the table. 

S OJ •• "" 18 S .j •• II: 27 
C1 ~j~" e.10 C1 'j .. II: 15 

pHm . , ' . 

t! C t· C t· C t· C to C t· C 

0-10· 10-20· 20-300 0-10· 10-20· 20-30· 

7.4 0.0087 0.0084 0.0069 0.0088 0.0087 0.0076 
7.6 0.0092 000092 0.0079 000095 0.0096 000083 
7.8 0.0100 0.0101 0.0089 0.0103 0.0105 0.0090 
8.0 0.0108 000109 000094 0.0110 000112 0.0094 
802 000114 000115 000098 0.0115 000117 0.0096 
8.4 0.0117 000117 0.0099 0.0118 0.0118 0.0098 

S oj.o .. 35 S OJ .... 38 
C1 Dj .. = 19.5 C1 %0 ... 21 

pHm 
t· C t· C to c t· c to C t·C 

0-10· 10-20~ 20-30· 0-10· 10-20· 20-30· . 
-

7.4 0.0089 0.0087 0.0081 0.0092 0.0089 0.0079 
7.6 0.0095 0.0095 0.0091 0.0097 0.0098 0,,0088 
7.8 0.0104 000104 0.0098 0.0106 0.0108 0.0093 
800 0.0110 0.0109 000102 0.0112 .0.0114 0.0096 
8,,2 0.0114 0 00112 0.0103 0.0116 0.0116 0.0098 
804 000116 0.0114 0.0104 0.0118 000119 000100 
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Table ut 

Pressure corr,ection .f.2!: .E!! values in ~ water 

If pHd is the original value of the pH of the sample, in situ, at a 

depth d meters and pHs is the pH measured under atmospheric pressure, then: 

PHct = pHs - y.d 

and y is given in the table. 

pHs y x 106 pHs 

7.5 35 7.9 

7.6 31 8.0 

7.7 28 8.1 

7.8 25 8.2 

8.3 

y x 106 

23 

22 

21 

20 

20 
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Table II 

. ~H Conversion of pH to aH values from the relation aH = 10 • 

For a pH of Q ~ v (where v is the deoimal part) 

aH = N x 10-Q, values of v and N being as follows: 

v N v N v N 

0.00 1.000 0.34 0.457 0067 00214 
0001 0.977 0035 00447 0.6S 0.209 
0.02 0.955 0036 00437 0.69 00204 
0.03 00933 0037 0.427 0070 0.200 
0.04 0.912 003S 0.417 0071 00195 
0005 00S91 0.39 00407 0072 00191 
0006 00S71 0040 0.398 0.73 00186 
0.07 00S51 0041 0.3S9 0.74 001S2 
O.OS 00S32 0042 003S0 0075 0017S 
0.09 0.813 0043 0.372 0076 00174 
0.10 0 0 794 0044 0.363 0077 00170 
0.11 00776 0.45 00355 007S 00166 
001.2 00759 0046 00347 0079 00162 
0.13 00741 0047 00339 0080 00158 
0014 00725 0·48 0.331 0 .. 81 00155 
0015· 0.709 0049 0.324 0.82 00151 
0.16 00692 0050 00316 0.S3 O.14S 
0.17 0.676 0051 0.309 0.84 00144 
0 .. 18 00661 0.52 0.302 0085 0.141 
0.19 0.646 0053 0.295 0.86 0.138 
0.20 00631 0.54 002SS 0087 0.135 
0021 00617 0055 0 0282 0 088 00132 
0022 0.603 0056 00275 0089 00129 
0.23 0.589 0.57 00269 0.90 0.126 
0.24 0.575 0.58 0.263 0091 0.123 
0.25 0.,562 0.59 0.257 0092 0.120 
0.26 0.549 0060 0.251 0093 00117 
0.27 0.537 0061 0.245 0.94 0.115 
002S 0.525 0.62 0 0 240 0095 00112 
0.29 0 .. 513 0.63 00234 0096 00110 
0.30 0.,501 0064 00229 0 .. 97 00107 
0.31 00490 0065 0.224 0.9S 0.105 
0.32 0 .. 479 0 .. 66 00219 0.99 00102 
0.33 00468 
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Table rn. 

Factor f in equation: 

Total alkalini~ - 2.500 - 1259{- :n~ 

as a function of chlorinity or salinity. 

. pH 01 0/00 2 4 6 8 10 

Range S 0/00 3.5 7 11 14.5 18 

2.8",,2.9 f 0.865 0.800 0.785 00 775 00 770 

3.0-3.9 f 0.845 0.782 0.770 0.760 0.755 

3.9-4.0 f 0.890 0.822 0.810 0.800 0.795 

12-18 20 

21-33 36 

0.768 0.773 

0.753 0.758 

0.793 00798 
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Table IV 

Total alkalinity (1 liter 20 0 C) as a function of the final pH of the 

solution obtained from 100.0 ml. of sample and 25.00 ml. of 0.01000 N 

hydrochloric acid. This table may be used for samples of chlorinity 

between 12 0/00 and 18 %0' or salinities between ,21 %0 and 33 %0
0 

Total Total Total 
pH Alkalinity pH Alkalini~y pH Alkalinity 

3.00 0.84 3.30 1067 ·3060 2.08 
3.02 0.92 3.32 1071 3.62 2.10 
3.04 0.99 3.34 1.74 3.64 2.12 
3.06 1.06 3036 1.77 3.66 2.14 
3.08 1012 3.38 1.81 3.68 2.15 

3.10 1.19 3.40 1.84 3.70 2017 
3.12 1.24 3042 1.87 3.72 2.18 
3.14 1.30 3.44 1.90 3.74 2.20 
3.16 1.35 3.46 1.93 3.76 2.21 
3.18 1.40 3.48 1.95 3.78 2.23 

3.20 1.45 3.50 1.98 3080 2.24 
3022 1.50 3.52 2000 3.82 2.25 
3.24 1.55 3'054 2002 3.84 2.26 
3.26 1059 3.56 2.04 3.86 2.27 
3.28 1.63 3.58 2.06 3.88 2028 

3.90 2.29 
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Table V 

Quantity, A, milliequivalents' per liter, to be subtracted from the total 

alkalinity to give the carbonate alkalinity in milliequivalents per liter. 

~. Multiply ~ figure in the table Ez 10-2 to get !. 

"'00 0 2 4- 6 8 10 12 14- 16 18 20 22 24- 26 28 30 

pHsA 01 °/00 = 15 s %0'= 27 

7.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
7.4- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 
7.5 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 
7.6 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 
7.7 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 
7.8 2 2 2 2 2 3 3 3 3 3 3 3 3 3' 3 4-
7.9 3 3 3 3 3 3 3 3 4- 4- 4- 4- 4- 4- 4- 4-
8.0 3 3 4- 4- 4- 4- 4- 4- 4- 5 5 5 5 5 5 5 
8.1 4- 4- 4- 4- 5 5 5 5 5 5 6 6 6 6 6 6 
8.2 5 5 5 5 6 6 6 6 6 7 7 7 7 7 8 8 
8.3 6 6 6 7 7 7 7 7 8 8 8 8 9 9 9 9 
8.4- 7 7 8 8 8 8 9 9 9 9 10 10 10 10 11 11 
8.5 8 9 9 9 10 10 10 10 11 11 11 11 12 12 12 13 
8.6 10 10 11 11 11 12 12 12 12 13 13 13 14- 14- 14- 14-
8.7 12 12 12 13 13 13 14- 14- 14- 14- 15 15 16 16 16 16 
8.8 15 15 15 15 16 16 17 17 17 17 18 18 18 19 19 19 

01 °/00 = 17 s °/00 = 31 

7.3 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 
7.4- 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 
7.5 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 
7.6 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 
7.7 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4-
7 .. 8 3 3 3 3 3 3 3 3 4- 4- 4- 4- 4- 4- 4- '# 
7.9 3 3 3 4- 4- 4- 4- 4- 4- 4- 5 5 5 5 5 5 
8.0 4- 4- 4- 4- 5 5 5 5 5 5 6 6 6 6 6 6 
8.1 g. 5 5 5 6 6 6 6 6 7 7 7 7 8 8 8 
8.2 6 6 6 7 7 7 7 8 8 8 8 9 9 9 9 
8.3 7 7 8 8 8 8 9 9 9 9 10 10 10 11 11 11 
8~4- 8 9 9 9 10 10- 10 11 11 11 11 12 12 12 13 13 
8.5 10 10 !11 11 11 12 12 12 13 13 13 14- 14- 14- 15 15 I 
8.6 12 12 13 13 13 14- 14- 14- 15 15 15 16 16 16 17 17 
8.7 14- 14- 15 15 16 16 16 16 17 17 18 18 18 19 19 19 
8.8 17 17 18 18 19 19 19 20 20 20 21 21 21 22 22 23 
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Table V ( cont 'd) 

Quantity, A, milliequiva1ents per liter, to be subtracted from the total 

alkalinity to give the carbonate alkalinity in mi1liequiva1ents per liter. 

~. Multiply the figure in ~ t.ab1e .!?z 10-2 to get A. 

l"'oC 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

PHs~ C1 0/00 = 19 s '0/00' = 34 

7.3 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 
7.4 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 
7.5 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 
7.6 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 
7.7 2 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 
7.8 3 3 3 3 4 4- 4 4 4 4 4 5 5 5 5 5 
7.9 4 4 4 4 4 5 5 5 5 5 5 6 6 6 6 6 
8.0 5 5 5 5 5 6 6 6 6 6 7 7 7 7 7 8 
8.1 6 6 6 6 7 7 7 7 8 8 8 8 8 9 9 9 
8.2 7 7 7 8 8 8 9 9 9 9 10 10 10 10 11 11 
8.3 8 9 9 9 10 10 10 10 II 11 11 12 12 12 13 13 
8 .. 4 10 10 II 11 11 12 12 12 13 13 13 14 14 14 15 15 
8.5 12 12 13 13 13 14 14 14 15 15 16 16 16 17 17 17 
8.6 14 14 15 15 16 16 16 17 17 18 18 18 19 19 19" 20 
8.7 16 16 17 17 18 18 19 19 19 20 20 20 21 21 22 22 
8.8 19 20 20 21 21 22 22 22 23 23 24 24 24 25 25 25 

C1 0/00 = 21 S 0/00 = 38 

7.3 0 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 
7.4 1 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 
7.5 2 2 2 2 2 :2 2 2 3 3 3 3 3 3 3 3 
7.6 2 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 
7.7 3 3 3 3 3 ,4 4 4 4 4 4 4 4 5 5 5 
7.8 4 4 4 4 4 4 5 5 5 5 5 5 6 6 6 6 
7.9 4 4 5 5 5 5 6 6 6 6 6 7 7 7 7 7 
8.0 5 6 6 6 6 7 7 7 7 7 8 8 8 8 9 9 
8.1 7 7 7 7 8 8 8 8 9 9 9 10 10 10 10 11 
8.2 8 8 9 9 9 10 10 10 10 11 11 II l2 12 12 13 
8.3 10 10 10 11 11 11 12 12 l2 13 13 14 14 14 15 15 
8.4 11 11 11 12 12 13 13 13 14 14 14 15 15 15 16 16 
8.5 14 14 14 15 15 16 16 17 17 17 18 18 19 19 20 20 
8.6 16 16 17 17 18 18 19 19 20 20 21 21 22 22 22 23 
8.7 18 19 19 20 20 21 21 22 22 23 23 24 24 24 25 25 
8.8 22 22 23 23 24 24 25 25 26 26 27 27. 28 28 28 29 
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Table VI 

Factor, FT' in the equation II 2.de 

Total carbon dioxide .content ... carbonate alkalinity x FT 
! " 

~oc 0 2 4 6 8 10 12· 14 16 18 20 22 24 26 28 30 

PHso~ Cl ... 15 %0 S ... 27 %0 

7.3 1.07 1.06 1.06 1.06 1.05 1.05 1.05 1.05 1.04 1.04 1.04 1.04 1.03 1.03 1.03 1.03 
7.4 1.05 1.05 1.04 1.04 1.04 1.04 1.03 1.03 1.03 1.03 1.03 1.02 1.02 1.02 1.02 1.02 
7·5 1.04 1.03 1.03 1.03 1.03 1.02 1.02 1.02 1.02 1.02 1.01 1.01 1.01 1.01 1.01 1.00 
7.6 1.02 1.02 1.02 1.02 1.02 1.01 1.01 1.01 1.01 1.01 1.00 1.00 1.00 1.00 .99 .99 
1.7 1.01 1.01 1.01 1.01 1.00 1.00 1.00 1.00 1.00 .99 .99 .99 .99 .99 .98 .98 
1.8 1.00 1.00 1.00 1.00 .99 .99 .99 .99 .99 .98 .98 .98 .98 .91 .91 .91 
1.9 .99 .99 .99 .99 .98 .98 .98 .98 .98 .91 .91 .91 .91 .96 .96 .96 
8.0 .98 .98 .98 .98 .91 .91 .91 .91 .96 .96 .96 .96 .95 .95 .95 .94 
8.1 .91 .91 .91 .91 .96 .96 .96 .96 .95 .95 .95 .94 .94· .93 .93 .93 
8.2 .96 .96 .96 .95 .95 .95 .94 .94 .94 .93 .93 .93 .92 .92 .91 .91 
8.3 .95 .95 .94 .94 .94 .93 .93 .93 .92 .92 .91 .91 .90 .90 .89 .89 
8.4 .93 .93 .93 .92 .92 .92 .91 .91 .90 .90 .89 .89 .88 .88 .81 .86 
8.5 .92 .91 .91 .91 .90 .90 .89 .89 .88 .88 .81 .86 .86 .85 .85 .84 
8.6 .90 .89 .89 .89 .88 .88 .81 .81 .86 .85 .85 .84 .83 .83 .82 .81 
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Table VI (conttd) 

Factor, FT, in the equation II 2.d. 

Total carbon dioxide content = carbonate alkalinity x FT 
1 ' j-

"'~--O-C-'--0--2--4--6---S-1-0--1-2--14--1-6--1-S-2-0--2-2--24--2-6--2-S-'-3~-

'r-----'--. 

PHS"~ 
7.3 
7.4 
7.5 
7.6 
7.7 
7.8 
7.9 
8.0 
8.1 
8.2 
8.3 
8.4 
8.5 
8.6 

Cl '" 17 %0 s = 30,,5 %0' 

1.06 1.06 1.06 1.05 1005 1.05 1.04 1.04 1 .. 04 1.04 1 .. 04 1003 1 .. 03 1 .. 03 1.,03 1 .. 03. 
1.05 1.,04 1.04 1 .. 04 1.04 1.03 1.03 1.03 1.,03 1.02 1.02 1.02 1.02 1.02 1.02 1.01 
1.03 1.03 1.03 1.02 1.02 1.02 1.02 1002 1 .. 01 1001 1.01 1 .. 01 1.01 1001 1000 10001! 
1002 1.02 1.02 1.01 1001. 1001 1001 1001 1.00 1000 1 .. 00 1.00 1000 .. 99 099 .. 991 
1.011.011.011 .. 00 1000 1000 1.00 1000 099 .99 099 ~99 098 .98 .98098 1 
1.00 1000 1000 099 .,99 099 .99 098 098 .98 098 .98 097 097 097 0961 

.99 099 . 099 098 098 .98 .98 097 .97 097 097 .. 96 .96 096 095 - .95! 

.98 098 .97 .97 .97 .97 .96 .96 .96 .96 .95 095 .95 .94 094 .94 1 

.97 .97 .96 .96 .96 .95 .95 .95 095 .94 .94 .94 093 .93 .,92 .92' 

.. 96 .. 95 .95 .95 .94 .94 .94 .. 93 .. 93 .93 .92 092 .92 .. 91 .91 090i 

.94 .94 .94 .,93 .. 93 .92 .92 .92 .91 .91 .90 .. 90 .90 .89 .. 88' .88;· 

.93 .. 92 .92 .92 .91 .91 090 .90 .89 .89 .88 088 .,87 .87 .86 086; 

.91 .91 .90 .90 .89 089 .88 .88 .87 .87 .86 .86 .85 .. 84 084 .83 

.89 .89 .88 .87 .87 .,86 .86 .85 085 .84 084 083 .82 .82 081 .80; 
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Table VI (contid) 

Factor, FT, in the equation II 2<d o 

Total carbon dioxide content - carbonate alkalinity x FT 
, 

\~oo 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
: 

PHso~ 01 ~ 19 %0 s = 34 %0 

7.3 1.06 1.06 1.05 1.05 1.05 1.04 1.04 1.04 1.04 1.03 1.03 1.03 1.03 1.03 1.02 1 .. 02. 
7.4 1.04 1.04 1.04 1.03 1.03 1.03 1.03 1.03 1.02 1.02. 1.02. 1.02 1.02 1.01 1 .. 01 1 .. 01 
7.5 1.03 1.03 1 .. 02. 1.02 1.02 1.02 1.02 1.01 1.01 1.01 1.01 1.01 1.00 1.00 1.00 1 .. 00 , 
7.6 1.02. 1.02 1.011.011.011.011.001.001.00 1.00 1.00 .99 .99 .99 .99 .98 
7.7 1.01 1.00 1.00 1.00 1.00 1.00 .99 .99 .99 .99 .99 .98 .98 .98 .98 .97 i 

7.8 1.00 .99 .99 .99 .99 .99 .98 .98 .98 .98 .97 .97 .97 .97 .96 .96 : 
7.9 .99 .98 .98 .98 .98 .97 .97 .97 .97 .96 .96 .96 .96 .95 .95 .94 
8.0 .98 .97 .97 .97 .96 .. 96 .96 .96 .95 .95 .95 .94 .94 •. 94 .93 .93 
6.1 .96 .96 .96 .96 .95 .95 .95 .94 .94 .94 .93 .93 .93 .92 .. 92 .91 ! 
8.2 .95 .95 .95 .94 .94 .94 .93 .93 ,,92. .92 .92 .. 91 .91 .90 .90 .89 ' 
8.3 .94 .93 .93 .. 93 .92 .92 .91 .91 .91 .90 .90 .89 .89 .. 88 .. 88 087 ! 

8.4 .92 .92 .91 .91 .90 .90 .90 .89 089 .88 088 .87 .86 .86 085 084 
8.5 .90 .90 089 .89 .88 .88 .87 .87 .86 .86 .85 .85 .84 .83 .83 .82 
8.6 .88 .88 .87 .87 .86 .86 .85 .84 .84 .83 .83 .82 ~81 .8l. .80 .79 
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Table VI (cont'd) 

Factor, FT, in the equation II 20d e 

Total carbc;m qioxide content,.. carbonate alkalinity x FT 
I, 

"" °C 

" 

0 2 4 6 8 10 12 14 16 IS 20 22' 24 26 28 30 ' 

,PHso~ Cl == 21 %0 s = 38", '\ 

0 

7.3 1.06 1.05 1.05 1.04 1.04 1.04 1.04 1.04 1.03 1003 1.03 1003 1.02 1.02 1002 1.02 
7.4 1.04 1.04 1.03 1.03 1.03 1.03 1.02 1.02 1.02 1.02 1.02 1.01 1.01 1.01 1.01 1000 
7.5 1.03 1.02 1.02 1.02 1.02 1.02 1.01 1.01 1.01 1.01 1.00 1.00 1.00 1.00 1.00 .99 
7.6 1.01 1.01 1.01 1.01 1.01 1.00 1.00 1.00 1.00 .99 .99 .99 099 .99 098 .98 
7.7 1.00 1.00 1.00 1.00 .99 .99 .99 .99 .99 .98 .98 .98 098 097 .97 .97' 
7.8 .99 099 .. 99 099 .98 098 .98 .98 097 097 097 .97 .96 .96 .96 .95 
7.9 .98 .98 .98 097 .97 .97 .97 .97 .96 .96 .96 .95 .95 .95 .94 .94 
8.0 .97 .97 .97 .96 .96 .96 096 .95 .95 .95 .94 .94 .94 093 .93 .92 
8.1 .96 .96 .95 .95 .95 .95 .94 .94 .93 093 .93 .92 092 .91 .91 .90" 
8.2 .95 .94 .94 094 .93 .93 .93 .92 .92 .91 091 090 .90 .89 .89 088 
803 .93 .93 .92 .92 .92 .91 .91 .90 ·90 .89 .89 .88 088 .87 086 .86 
8.4 .91 .91 .91 .90 .90 .89 .89 .88 .88 .87 .87 .86 .85 .85 084 ,;83 
8.5 .89 .89 .89 .88 .88 .87 .86 .86 .85 .85 .84 .84 .83 .82 .81 .80 
8.6 .87 .87 .86 .86 .85 .85 .84 .83 .83 .82 .82 .81 .80 .79 .78 .77 : 
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Tabl,e VII 

Factor, Fp' in the equation II 3oco 

Paryia1 pres~ure of carbon dioxid~ (F002) = carbonate alka~init~ x Fp 
, 

"'00 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

PHso~ 01 = 15 %0 S == 27 ofx, 

1.3 1.12 1.14 1.11 1.19 1.22 1.26 1.29 1.32 1.36 1.39 1.42 1.45 1.49 1.54 1.59 1.64 
1.4 .89 .90 .92 .94 .91 1.00 1.02 1.05 1.01 1.10 1.12 1.15 1~11 l.21 1.25 1.29 
1.5 .10 .11 .13 .14 .11 .19 .81 .83 .85 .81 .88 .90 .93 .96 .99 1.01 
1.6 .56 .56 .58 .59 .60 .62 .64 .;65 .61 .68 .10 .11 .13 .15 .78 .80 
1.1 .44 .44 .45 .46 .48 .49 .50 .51 .53 .54 .55 .56 .51 .59 .61 .62 
1.8 .35 .35 .36 .36 .31 .39 .39 .40 .41 .42 .43 .44 .45 .46 .41 .49 
1.9 .27 .21 .28 .29 .29 .30 .31 .31 .32 .33 .33 .34 .35 .36 .37 .38 
8.0 .21 .21 .22 .22 .23 .24 .24 .25 .25 .26 .26 .26 .27 .28 .29 .29 
8.1 .• 11 .11 .11 .11 .18 .lB .19 .19 .20 .20 .20 .20 .21 .21 .22 .22 
8.2 .13 .13 .13 .14 .14 .14 .15 .15 .15 .15 .16 .16 .16 .16 .11 .17 
8.3 .10 .10 .10 .10 .ll .ll .11 .11 .12 .12 .12 .12 .12 .12 .13 .13 
8.4 .08 .08 .08 .08 .08 .08 .09 .09 .09 .09 .09 .09 .09 .09 .10 .10 
8.5 .06 .06 .06 .06 .06 .06 .06 .07 .07 .01 .07 .01 .01 .07 .01 .01 
8.6 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 

Note 0 

-=== 
Multiply ~ figure in the table by 10-3 tp get ~ 

• 
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Table VII (cont I d) 

Factor, Fp9 in the equation II 3oeo 

Partial pressure of carbon, dioxide (P'C02) = carbonate alkalin;ity x Fp 
, , 

~oc 0 2 4 6 B 10 12 14 16 IB 20 22 24 26 2B 30 

PHso~ Cl = 17 %0 S ,., 3005 %0 

7.3 1.09 1.10 1.13 1.16 1.19 1.23 1.26 1.29 1.31 1.34 1.37 1.41 1.44 1.49 1.54 1.57 
7.4 .86 .87 .89 .91 .94 .97 1.00 1.02 1.04 1.06 1.08 1.11 1.14 1.18 1.22 1.24 
7.5 .68 .69 .71 .72 .74 .77 .79 .80 .82 .84 085 .87 .90 093 .96 .97] 
7.6 .54 .54 .56 .57 .59 .60 062 .63 .64 .. 66 .67 .69 .70 .73 .75 .76 , 
7.7 .42 .43 .44 .45 .46 .48 .49 .50 .51 .52 .53 .54 .55 .57 ·59 .60 
7.8 .33 .34 .35 .35 .36 .37 .. 38 .. 39 .40 .. 40 .41 .42 .43 .44 .. 46 •46 1 
7.9 .26 .26 .27 .28 .28 .29 ·30 .31 .31 .. 32 .32 .33 .34 .35 .36 036 
8.0 .21 .21 .21 .22 .22 .23 .. 23 .24 .24 025 .25 .25 .26 .27 .27 .28 
8.1 .16 .16 .17 .17 .17 .18 .18 .18 .19 .19 .19 .20 .20 .. 21 .2l. .21 
8.2 .12 .13 .13 .13 .13 .14 .14 .14 .14 .15 .15 .15 .15 .16 .16 .i6 
8.3 .10 010 .10 .10 .10 .10 .ll .11 .ll oll .ll .11 .12 .12 .12 .12 ! 

8.4 .07 .07 .08 .08 .08 .08 .08 .08 .08 008 • 09 .09 .. 09 .09 .09 .09 . 
8.5 .06 006 .06 .06 .06 .06 006 .06 .06 .06 .06 .06 .07 .07 .07 .07 
8.6 .04 004 .04 .04 .04 .05 .05 .05 .05 .05 .05 .05 .05 .05 ,,05 ,,05 ! 

Note o Multiply the figure in t~e table by 10-3 to get ~ 
---'~- -'- .1 -----
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Table VII (cont1d) 

Factor, Fp' in the equation II 3oco 

Partial pressure of: carbon ciioxide {PC02) == carbonate alkalin,~ty x Fp 
, , 

l~oC 
" 

,l ". ~ 
0 2 4 6 8 10 12 14 16 18 2P 22 24 2,6 28 30 

PHso~ Cl = 19'%0 s '" 34 %0 

1.3 1.05 1.01 1.10 1.12 1.14 1.18 1.21 1024 1028 1.30 1.33 1.36 1040 1043 1.48 1.52 
1.4 .83 .84 .81 .89 .90 093 .96 .98 1.01 1.02 1.05 1.01 1.10 1.13 1.17 1.20 
1.5 .66 .61 .69 .10 .11 .14 .16 .11 .80 .81 .82 .84 .81 .89 .92 094 
1.6 .52 .53 .54 .55 .56 .58 .60 .61 .63 .63 .65 .66 .68 .1° .12 .14 
1.1 .41 .41 .43 .44 .44 .46 .41 .48 .49 .50 .51 .52 .53 .54 .56 .58 
1.8 .32 .33 .33 .34 .35 .36 .37 .31 .39 .39 .40 .41 .42 .42 .44 .45 
1.9 .25 .26 .26 .21 .21 .28 .29 .29 .3° .30 .31 .32 .32 .33 .34 .35 
8.0 .20 .20 .20 .21 .21 .22 .22 .23 .23 .23 .24 .24 .25 .25 .26 .21 
8.1 .15 .16 .16 .16 .16 .11 .11 .18 .18 .18 .18 .19 .19 .19 .20 .20 
8.2 .12 .12 .12 .13 .13 .13 .13 .14 .1.4 .14 .14 .14 .15 .15 .15 .15 
8.3 .09 .09 .10 .10 .10 .10 .10 .10 .ll .ll .ll .ll .ll .ll .ll .12 
8.4 .01 .01 .01 .07 .01 .08 .08 .08 .08 .08 .08 .08 .08 .08 .09 .09 
8.5 .05 .05 .06 .06 .06 .06 .06 .06 .06 .06 .06 .06 .06 .06 006 .06 
8.6 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 .05 .05 .05 

Noteo Multiply the figure in the table by 10-3 to get ~ 
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Table VII (conttd) 

Factor, Fp' in the equation II 3oc .. 

Part~al pre6sure~f carbon dioxide (PC02) == carbo~ate alkalinity x Fp 

"'OC 0 2 4 6 B 10 12 14 16 lB 20 22 24 26 2B 30 

PHs .. ~ Cl = 21 %0 s ::: 3B %0 

7.3 ~.02 ~.04 ~.07 ~.08 ~.ll ~.~5 ~.18 ~.20 ~.24 ~.26 ~.29 ~.32 ~.36 ~.39 ~.44 1.47 
7.4 .81 .82 .84 .85 .88 .91 .94 .95 .98 .99 1.01 1.04 1.07 1.09 ~.~3 1.15 
7.5 .64- .65 .67 .67 .69 .72 .74 .75 .77 .78 .80 .82 .84 .86 .89 .90 
7.6 .50 .51 .53 .53 .55 .57 .58 .59 .60 .61 .63 .64 .66 .67 .70 .71 
7.7 .40 .40 .41 .42 .43 .44 .46 .46 .47 .48 .49 .50 .51 .53 .54 .55 
7.8 .31 .32 .32 .33 .34 .35 .36 .36 .37 .37 .38 .39 .40 .41 .42 .J.~3 

7.9 .24 .25 .25 .26 .26 .27 .28 .28 .29 .29 .30 .30 .31 .32 .33 .33 
8.0 .19 .19 .20 .20 .20 .21 .22 .22 .22 .23 .23 .23 .24 .24 .25 .25 
8.1 .15 .15 .15 .~5 .~6 .~6 .17 .17 .17 .~7 .18 .18 .18 .19 .19 .19 
8.2 .lJ. .12 .12 .12 .12 .13 .13 .13 .13 .13 .14 .14 .14 .14 .14 .14 
8.3 .09 .09 .09 .09 .09 .10 .10 .10 .10 .10 .10 .10 .~o .ll .ll .ll 
8.4 .e>7 .07 .07 .07 .07 .07 .07 .07 .08 .08 .08 .08 .08 .08 .08 .08' 
8.5 .05 .05 .05 .05 .05 .05 .06 .06 .06 .06 .06 .06 .06 .06 .06 .. 06 
8.6 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 

Note.. Multiply ~ figure in the table by 10-3 to get ~ 



Table VIII 

Solubility,· (~ ) millimo1es per liter, of carbon dioxide in Bea water. 

-

~ 0 2 4 6 8 10 12 14 16 18 20 22 24 

SO/oo C1% 

-
27 15 67.4 62~3 57.8. 53.8 50.4 47.2 44.2 41.6 39.3 37.1 35.1 33.1 31.4 

0. 

28 16 66.7 61.7 57.3 53.3 49.9 46.8 43.8 41.3 39.0 36.8 34.8 32.9 31.2 

30.5 17 66.0 61.1 56.7 52.8 49.5 46.4 43.4 41.0 38.7 36.5 34.6 32.7 31.0 

32.5 18 65.3 60.5 56.;a 52.4 49.0 46.0 43.1 40.6 38.4 36.2 34.3 32.4 30.7 
, 

34 19 64.6 59.9 55.7 51.9 48.6 45.6 42.8 40.3 38.1 35.9 34.0 32.1 ·30.4 

36 20 64.0 59.3 55.1 51.4 48.2 45.2 42.4 40.0 37.7 35.6 33.7 31.9 30.2 

38 21 63.3 58.7 54.6 50.9 47.7 44.8 42.1 39.6 37.4 35.4 33.5 31.7 30.0 
--------

26 28 

29.9 28.4 

29.7 28.1 

29.4 27.9 

29.2 27.7 

28.9 27.5 

28.7 27.3 

28.5 27.1 

30 

27.0 

26 .8 

26.6 

26.4 

26.2 

26.0 

25.8 

I 
I-' 
I\) 

7' 



Table IX 

Values for K, the quasi-thermodynamic second dissociation 

constant of carbonic acid in sea water. 

Note. Multiply the figures in the table Ex 10-9 to ,get ~ 

~ 
0 2 4 6 8 10 12 14 16 18 

S%o C1%o 

27 15 0.33 0 0 35 0 0 36 0038 0.40 0042 0.45 0 .. 47 0 0 50 0.53 

28 16 0.,35 0 .. 37 OS8 0 .. 41 0 0 43 0 .. 45 0 .. 47 0.50 0.53 0056 

30.5 17 0 .. 36 0,,38 0.40 0.43 0.45 0.48 0050 0.53 0 .. 55 0 .. 59 

32.5 18 0.38 0 .. 40 0.42 0 .. 45 0.,47 0 .. 50 0.53 0,,55 0058 0.62 

34 19 0.,40 0.42 0044 0047 0,,50 0.52 0055 0 .. 58 0.61 0.65 

36 20 0.42 0,,44 0046 0 0 49 0 .. 53 0 .. 55 0.58 0 .. 61 0065 0 .. 68 

38 21 0.44 0.47 00 48 0.52 0054 0.56 0.60 0.63 0067 0.71 

20 22 24 

0.56 0 .. 60 0·,,63 

0 .. 59 0 .. 63 0 0 66 

0062 0,,65 0.69 

0 0 65 0.69 0 0 73 

0068 0 .. 72 0.76 

0 .. 71 0076 0 0 80 

0 .. 74 0079 0084 

26 28 30 

0067 0 .. 72 0.76 

0.71 0.75 0079 

0.73 0.78 0,,83 

0 0 77 0.83 0 0 88 

0.81 0 .. 86 0.93 

0 0 85 '0.91 0098 

0,,90 0 .. 97 1..05 
-- ._------ ~------
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The following pages contain lists 

of the chemicals and equipment required for the 

methods described in this,volume. 
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STANDARD METHOD !!Q • .§A&. 3.·1 

Title: Determination of . Salinity by Conductivity M.easurement 

CHEMICALS REQUIRED 

Ch8ll1cals per batch .2!: samples analysed 

None·. 

Chemicals .E!1: sp.ple arialysed 

None. 

Other Chemicals 

1. Eau de Mer Normale (Copenhagen water) 3 bottles per 20 liter 
carboy of secondary standard that is \Uled •. 

2. SecondarY Stan1!iard water: Allow about 1500 ml. per working day. 

3. Distilled water. A very modest amount is required for filling 
cells prior to shut down periods. Two to three liters should 
suffice. 

4. Paraffin oil.' One or two hundred ml. should be aboard to cover 
the surface of substandard samples. 

5.ThYmpl. A few grams of thymol from which to take a few crystals 
for the stabilization of each new batch 0f secondary standard 
sea water. 
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EQUIPMENT REQUIRED 

A. Basic Equipment 

1. Salinometer and kit. 

2. Two jigger dispensing units. 

3.. Tube ,and, C?lip for .ciispensing water from Copenhagen water samples.· 

4. Spare copies of salinity tables. 

5. Large funnel and 18 cm. No.1 Whatman Filter papers for filtering 
secondary standard sea water into carboy. 

B. Equipment for the analysis of !. batch of samples 

1. Up to 25 flat 8 oz. medicinal bottles that have had several years 
previous history of salinity sample storage. 

2. Sufficient waxed corks for above bottles. 

3. Labels for above bottles. 
Note. If samples are analysed directly they are taken then a 
total of some 50 bottles and corks should be sufficient but, in 
case of a salinometer breakdown, sufficient bottles, corks and 
wax should be on board to allow all samples to be stored as 
described in the method. 
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STANDARD METHOD NO. O. loA - --
Title: Determination of Oxygen in Sea Water 

CHEMICALS REQUIRED 

A. Chemicals per 'batch 2! samples analysed 

1. 0.01 N thiosulphate n x 30 ml. Add to requirement in B. 5. 

2. 0.0100 N biiodate n x 35 ml. 

3. Starch indicator solution n x 2.5 ml. Add to 
requirement B. 4. 

B. Chemicals per sample analysed 

1. Manganous sulphate (Reagent No.1) n x 1.1 ml. 

2. Alkaline iodide solution (Reagent No.2) n x 1.1 ml. 

3. C~ncentrated H2S04 (Reagent No.3) n x 1.2 ml. 

4. S~arch indicator solution n x 2.5 ml. 

C. Other chemicals 

None 
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No. O. LA 

EQUIP}1ENT REQUIRED 

A. Basic Eguipnent 

1. One clean automatic 25 m1. burette and spare = 2 x 25 ml. 
automatic burette. 

2. One clean 10 ml. pipette and spare ... 2 x 10 mL pipettes. 

3. One clean 100 ml. pipette and spare -2 x 100 mL pipettes. 

4. 3 x 2 ml. automatic bulb pipettes set at 1,0 ~ Opl ml. for 
dispensing Reagents Nos. 1, 2 and 3 and 2 spare pipettes = 
5 x 2 ml. automatic bulb pipettes. 

5. One Winchester quart bottle for temporary storage of 
thiosulphate solution. 

6. 1 x 250 ml. capacity bottle for temporary storage of starch 
indicator. 

7. 3 x 8 oz. medicine bottles for tempor.ary storage of Reagents 
Nos. 1, 2 a.rxi 3. 

B. Eguipnent.!2!: the analysis .2!: .! batch of samples 

1. Up to 25 x 300 ml. numbered B.O.D. bottles with stoppers of 
matching number. 



STANDARD METHOD !Q. ~. b! !m2. ADDENDUM NO. 1: 

Title: Determination of Inorganic Fhosphorus (Phosphate) in Sea Water 

CH:ElHCALS REQUIRED 

A.. Chemicals per batch of samples anal:ped 

1. Synthetic Sea water n x 550 ml. for standards and blanks. 

2. Standard Phosphate (concn) n x 1.0 ml. (Minimum. of 35 ml.) 

3. Stannous chloride stock solution n x 1.3 ml. (Minimum of 100 ) 

4. 5 per cent hydrochloric acid in boiled out water n x 50 ml. 
(Minimum of 500 ml.) 

B. Chemicals per sample analysed 

1. Molybdate Reagent (Reagent No.1) n x 1.1 ml. 

C. Other Chemicals 

1. 25ml. of good quality chloroform for stabilizing dilute standard 
solutions. 

2. Distilled water. There is a moderate requirement for distilled 
water for use in the determination of Reagent blanks and the 
rinsing of glassware. About 2 liters should be taken for 
cruise. 
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EQUIPMENT REQUIRED 

A. Basic EQuipment 

1. Beckman DU Spectrophotometer and kit (10 em. cells required). 

2. One clean 50 mL burette and spare for measuring out standard 
= 2 x 50 ml. burettes. 

3. One clean 10 ml. pipette and spare for diluting standard and 
stannous chloride = 2 x 10 ml. pipettes. 

4. 2 x 2 ml. automatic bulb pipettes, one set at 1.0 ! 0.1 mI. 
and the other at 0.5 = 0.05 mI., for dispensing Reagents Nos. 
1 and 2, and 2 spare pipettes = 4 x 2 ml. automatic bulb 
pipettes. 

5. 1 liter volumetric flask for diluting standard. 

6. 1 50 ml. graduated cylinder and spare for diluting stannous 
chloride = 2 x 50 ml. graduated cylinders. 

7. One 100 mI. stoppered graduated measuring cylinder and spare 
for preparing standards and blanks = 2 x 100 ml. stoppered 
graduated measuring cylinders. 

S. 1 x 100 ml. glass bottle for temporary storage of dilute 
stannous chloride solution. 
1 x 500 ml. polyethylene bottle for temporary storage of 
molybdate Reagent. 
2 x 500 ml. dark glass bottle for storage of dilute standard. 

9. One small polyethylene funnel and 1 x 250 ml polyethylene 
beaker for general convenience in preparing solutions, etc. 

10. A thermostatically controlled water bath set at 23° C ± 10 C. 

B. Equipment for ~ analysis 2! .! batch of samples 

Up to 30 x 130 ml. screw-top pOllethylene bottles marked at 
100 ml. by black tape. . . 
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STANDARD METHOD NO. P. 2.A. AND ADDENDUM NO.1 ------- --

Title: Determination of Total Phosphorus in Sea Water 

CHEMICALS REQUIRED 

A. Chemicals per batch of samples analysed 

None 

B. Chemicals per sample_ ana~ys ed 

1. Concentrated hydrochloric acid. n x 0.1 m1. 

C • Other Chemicals 

None 

EQUIPMENT REQUIRED 

A. Basic Eguipnent 

1. 1 x 50 ml. pipette and spare for dispensing sample 
• 2 x 50 ml. pipettes. 

2. Cases for storing tubes containing samples. 

B. Eguipnent!2!: ~ analysis 2! .! batch .2!. samples 

None 

C. Extra Eguipnent per sample analysed 

One SO ml. Pyrex test tube per sample to be returned to shore bas.e 
laborator,r. The tubes, containing acidified water, are prepared 
as described in Standard Method No. P. 2.A, Addendum No. 1. 
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STANDARD METHOD NO. .E. g 

Title: Determination of Total Particulate Phosphorus in Sea Water 

CHEMICALS REQUIRED 

A. Chemicals per batch of samples analysed 

None 

B. Chemicals per sample analysed 

1. Concentrated hydrochloric acid n x 0.1 ml. 

2. Distilled water. There is a relatively heavy demand for 
distilled water for rinsing and washing filters, etc. 
Allow about 200 ml. a sample. 

EQUIPMENT REQUIRED 

A. Basic Eguipment 

1. 1 x 250 plus 1 x 500, plus 1 x 1000 ml. clean measuring 
cylinders for measuring out the initial samples (according 
to anticipated particulate phosphorus content). 

2. Cases for storing flasks containing the samples. 

3. Parafilm sheeting to cover the mouth of flasks for storage. 

4. One or two (according to. the number of samples and the 
pressure of other work) Pyrex Millipore filter holders each 
with clamp. Similarly 1 or 2 liter glass Buckner flasks to 
contain filtrates, which may be reserved for other 
phosphorus determinations (ref. Standard Method No. P. 4.A). 

B. Equipment i2!: ~ analysis El. ~ batch .2! samples 

None. 

C. Extra eguipnent per sample analysed 

One HA 0.047 mm. plain white Millipore filter membrane and one 
special 125 ml. Pyrex Erlenmeyer flask per sample. 
For conditioning of the flask, etc., see Standard Method 
No. P. 4.A). 
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STANDARD METHOD NQ. S1. l.:! 

Title: Determination of Soluble Silicate in Sea Water 

CHEMICALS REQUIRED 

A. Chemicals ~ batch of samples analysed 

1. Metol sulphite Solution 

2. Oxalic acid Solution 

3. 50 per cent sulphuric acid 

n x 125 ml. 

n x 75 ml. 

n x 75 m1. 

4. Distilled water for reagent blanks is only required in quantity 
if many measurements are made using 10 cm. cells. The water 
must be stored in polyethylene and 100 ml. allowed per batch of 
samples. 

B. Chemicals per sample analysed 

1. Molybdate Reagent (Reagent No.1) n x 13 ml. 

C. Other Chemicals 

To check the method in an emergency each cruise should carry 250 ml. 
of dilutd silicate standard in standard sea water. A few hundred 
ml. of standard sea water should be available for blank determinations. 

EQUIPMENT REQUIRED 

A. Basic Eguipment 

1. Beckman DU Spectrophotometer and kit (1 cm. cells and 
occasionally 10 cm. cells are required). 

2. One 300 ml. polyethylene wash bottle to contain molybdate reagent 
and one for reducing reagent = 2 x 300 ml. polyethylene wash bottles. 

3 1 x 25 ml. pipette for samples and spare = 2 x 25 ml. pipettes. 

4. One medium. size polyethylene funnel and 1 x 500 ml. polyethylene 
beaker for preparing solutions, etc. 

B. Equipment.!:2!: ~ analysis of .! batch of samples 

1. Up to 25 x 50 ml. polyethylene bottles for temporary storage of 
samples prior to analysis. 

2. Up to 25 x 50 ml. stoppered graduated glass measuring cylinders 
cleaned. before each cruise by soaking in cleaning mixture. 
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STANDARD METHOD l!Q. !!. l:.! 

Title: Determination of Nitrite in Sea Water 

CH»1ICALS REQUIRED 

A. Chemicals per batch £! samples analysed 

1. Sulphanilamide Solution (Reagent No.1) n x 2 mL 
Add to requirement in B.1. 

2. N-napthylethylenediamine Solution (Reagent No.2) 
n x 2 ml. Add to requirement in B. 

3. Distilled water. n x. 130 ml. 

B. Chemicals per s~ple analysed 

1. Sulphanila.mide Solution (Reagent No.1) n x 1.1 m1. 

2. N-napthylethylenediamine Solution (Reagent No.2) n x 1.1 ml. 

C. Other Chemicals 

To check the method in an emergency each Cruise should·carry about 
50 m1. of concentrated nitrite· standard. A 10 ml.pipette and 1000 ml. 
flask are required for the dilution of this standard but are probably 
available if Method P. LA is carried out on the same cruise. 
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No. N. LA 

EQUIPMENT ~UIRED 

A. Basic Equipment 

l~ Beckman DU Spectrophotometer and kit (10 em. cells required). 

2. 1 x 2.00 ml. graduated pipette in case standard nitrite 
solution is dispensed. 

3. 2 x 2 ml. automatic bulb pipettes, both set at 1.0 ! 0.1 ml., 
for dispensing Reagents Nos. 1 and 2, and 2 spare pipettes = 
4 x 2 ml. automatic bulb pipettes. 

4. 1 x 50 mL measuring cylinder and spare for initial measure­
ment of sample volume = 2 x 50 ml. measuring cylinders. 

5. 1 x 250 ml. polyethylene bottle for temporary storage of 
Reagent No.1. 

6. 1 x 250 ml. glass bottle, dark, for temporary storage of 
Reagent No.2. 

7. One small polyethylene funnel for transferring solutions. 

B.. Equipment!S:]h! analysis of .! batch .2! samples 

1. Up- to 25 x 125 ml. Pyrex Erlenmeyer flasks. 
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STANDARlJ METHOD ~. !i . .&A 

Title: ,Determination of Nitrate in 'Sea Water 

CHEMICALS REQUIRED 

Chemicals per batch of samples analysed 

1. Phenol Solution n x 30 ml. 

2. Sodium hydroxide Solution n x 30 ml. 

3. Copper Sulphate Solution nx6ml. 

4. Hydrazine Sulphate Solution n x 30 'ml. 

5. A little re-distilled water is needed for blank determinations. 
The demand depends on the number of low n:Ltrate deter.mina~ions 
to be made. Generally 500 ml. is sufficient on a cruise and 
should be reserved exclusivelY for nitrate. 

6. Synthetic ,Sea water for Nitrate n x 250 ml. 
(This assumes calibration with each batch of samples and is a 
very- safe maximum, normally only 1 to 2 liters should suffice.) 

7. Concentrated standard nitrate solution n x 2 ml. 
(Minimum of 60 ml.). 

B. Chemicals per sample analysed 

1. Acetone (Reagent No.3) n,x 3 ml. 

2. Sulphanilam1deSolution (Reagent No.4) n x l.Lml. 

3. ,-napthylethylenediamine Solution (Reagent No.5).n x 1.1 ml. 

C. ~ Chemicals 

1. There is a moderate requirement for ordinary distilled water 
for rinsing apparatus and for 'diluting the reducing reagent 
(Reagent No.2). Allow about 5 liters a cruise. 
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EQUIPMENT REQUIRED 

A. Basic Eguipment 

1. Beckman DU Spectrophotometer and kit (1 cm. cells or 10 cm. 
celis may be required). . 

2. Thermostatically controlled water bath set at 23° C. 

3. Covered wooden box or partitioned cupboard space for 
storing up to 30 x l25.ml. Erlenmeyer flasks out of 
the light. 

4. One or more filter stands holding a total of at least 
" 12 funnels. 

5. Automatic suction device for use with 25 ml. pipettes. 

6. 2 x 100 ml. glass beakers and spare for holding buffer and 
reductant = 3 x 100 ml. beakers. 

7. One 50 ml. measuring cylinder and spare for measuring final 
sample volume = 2 x 50 ml. measuring cylinders. 

S. 1 x 50 ml. volumetric flask and spare for making reductant 
= 2 x 50 ml. measuring flasks. 

9. 1 x 250 ml. polyethylene bottle for temporary storage of 
Reagent No.4. 

10. 1 x 1000 ml. volumetric flask f or preparing dilute nitrate 
standard. 

ll. 1 x 2 ml. automatic bulb pipette set for 2.00 m1. : 0.25 m1. 
plus 1 x 2 ml. automatic bulb pipette set for 2 ml.! 0.2 ml. 
plus 1 x 2 ml. automatic bulb pipette set for 1.00 ml :! 0.05 ml. 
plus 2 x 2 ml. automatic bulb pipettes each set for 1.0 mI.! 0.1 ml. 
3 spares should be carried = S x 2 ml. automatic bulb pipettes 
(Note two of these plus 2 spares will be aboard if Method No. 
N. LA is being uSed and only 4 extra pipettes·need then be taken.) 

12. 1 x 5 ml. pipette and spare for copper solution = 2 x 5 ml. pipettes. 

13. 3 x 25 ml. pipettes (for measuring phenol, sodium hydroxide and 
hydrazine) and 1 spare • 4 x 25 ml. pipettes. . . 

14. 1 x 500 ml. polyethylene bottle for temporary storage of 
sodium hydroxide solution. 



A. Basic Equipment (Con'td) 

15. 1 x 500 ml. dark glass bottle for temporary storage 
of phenol solution. 

16. 1 x 500 ml. dark glass bottle for temporary storage 
of hydrazine solution. 

17. 1 x 250 ml. dark glass bottle for temporary storage 
of Reagent No.5. 

No. N. 2.A 

IS. One small polyethylene funnel for transferring solutions. 

19. 2 x 500 ml. dark glass bottle for dilute nitrate standard. 

20. 1 x 100 ml. glass bottle for temporary storage of acetone. 

B. Equiment!2!::!d!! analysis 2! .! batch .2! samples 

1. Up to 25 po~ethylene filter funnels but it is probably 
satisfactory to filter in two or more batches of 5 to 10 
samples a time, cutting the requirement to 10 to 12 
funnels. 

2. 

3. 

Up to 25 x 100 ml. glass beakers for temporary storage 
of filtrates. 

Up to 50 x 125 ml. Erlenmeyer flasks specially pre-treated, . 
(so that two batches can be used at once.) 
(See Method No. N. 2.A). 

c. Equipment required per sample analysed 

1. 12.5 cm. diameter No. 42 Whatman filter papers n x 0.01 
boxes of 100 circles. 
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STANDARD METHOD NO. Q. 'l.A 

Title: Dete~nation of Carbonate. Bicarbonate and Free Carbon Dioxide in 
Sea Water. 

CHEMICALS REQUIRED 

A. Chemicals per batch. sU: samples analysed 

1. Concentrated buffer solution' pH 6.S? n x 4 m1. (Minimum of 125 ml.). 

2. Buffer solution pH 4.00 n x 25 ml. (Minimum of 500 ml.). 

B. Chemicals R!!: sample analysed 

1. Standard hydrochloric' acid ·1.00 N. n x 0.3, (Minimum of 25 ml.). 
(0.0100. N prepared by diluting·lO.O ml. to 1000 ml.). 

C. other Chemicals 

1. There is a moderate requirement for distilled water for electrode 
washing and storage, etc. 3 liters per cruise. 
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EQUIPMENT REQUIRED 

A. Basic Equipment 

1 .. Beckman Model G pH meter and kit. 

2. Thermostatically controlled water bath set in the range 
20 to 25 0 c to : 1° C. 

3. 1 x 1000 ml. volumetric flask for diluting phosphate 
(pH 60B7) buffer. 

4. 1 x 1000 ml. volumetric flask used in the dilution of 
1.00 to 0.0100 N acid. 

5. One liter screw-cap polyethylene bottle for holding dilute 
pH 6.B7 buffer and 1 liter screw-cap polyet~lene bottle 
for temporary storage of dilute pH 4.00 buffer = 2 x 1000 
liter polyethylene bottles. 

6. 1 x 5 ml. pipette and spare for adding extra standard acid 
= 2 x 5 ml. pipettes. 

7. 1 x 10 ml. pipette and spare for use in diluting 1.00 to 
0.0100 N acid = 2 x 10 ml. pipettes. 

B. 1 x 25 ml. pipette and spare for adding standard acid 
= 2 x 25 ml. pipettes. 

9. 1 x 100 ml. pipette and spare for taking alkalinity water 
sample = 2 x 100 ml. pipettes. 

10. Polyethylene wash bottle containing distilled water. 

ll. 1 x 250 ml. polyethylene beaker. for soaking glass electrode, 
etc., when not in use. 

12. One 0 - 35° C thermometer graduated in 0.20 C to check 
temperature of samples. 

B. Equipment for the analysis !2! .!! batch £f samples 

10 up to .25 x 50 mle wiQe-ll9utn &screw-c.p P0.i.Y61iny+eo-.; I.JUltvJ..",.i 

for pH measurements. 

2. Up to 25 x 200 ml. wide-mouth screw-cap polyethylene bottles 
for alkalinity determinations. 

LIBRARY 
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