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The intercalibration of chemical methods which was carried out in Copenhagen 

1966, also included the methods in current use for the determination of reactive 

silicate. The work was carried out onboa:r;d four of the participating ships by 

scientists and technicians from the following five institutes: 

1. Fisheries Laboratory, Lowestoft 

2. National Institute of Oceanography) Surrey 

3" The Institute of Marine Research, Helsinki 

4" The Institute of Marine Research, University of Kiel 

5. Institute of Marine Research, Bergen 

Samples were collected from five different locations on the morning of 30. 

September and they were analysed during the afternoon and evening of the same 

day. 

Methods: 

Three of the participants used a method based on that of Mullin and Riley 

(1955), modified by Strickland (1965)" 

Their reagents prepared as follows: 

I. Molybdate reagent: 8.0 g am.monium paramolybdate was dissolved in about 

600 ml destilled water" 24 ml of concentrated hydrochloric acid made up 

to I liter. Stored in a polythene bottle. 

2" Metol-sulphite solution: 12 g of anhydrous sodium sulphite was dissolved in 

I liter of destilled water and 20 g of metol (p-methylaminophenol sulphate) 

was added and when the metol had dissolved the solution was filtered 

through a No. I 'Vhatman filter paper and stored in a polythene bottle .. 

Lowestoft filtered through a glass fibre paper.. Bergen stored the solution 

in a g1as s bottle. 

3. Oxalic acid solution: A saturated solution of oxalic acid was prepared by 

shaking 100 g of (COOH)2" 2H2 0 with I liter destilled water and decanted 

before use. 
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4. Sulphuric acid solution 501c v/v: 500 ml of concentrated H
2

SO 4 (Sp. G. 1 .. 84) 

was mixed with 500 ml of destined water and the volume made up to 1 liter. 

5. Reducing reagent: 100 ml of metol-sulphite solution was mixed with 60 ml 

of oxalic acid solution, 60 ml of 5010 sulphuric acid was added and the 

mixture made up to a volume of 300 ml with destined water. This solution 

was made for immediate use. 

Procedure: 

famples for analyses were between 18-250 C. 

10 ml of molybdate solution was added to a dry glass container fitted with a 

stoppert Lowestoft used polythene bottles, 25 ml of sample was added and the 

reaction micture allowed to stand for 10 minutes at least, but not more than 

30 minutes. The reducing reagent, 15 ml, was added rapidly with mixing •. 

P-..fter 3 hours, Lowestoft 1 hour, the optical density was recorded at 810 mu 
J 

against destined water on a Unicam Sp. 500 spectrophotometer. 

For each sample low in salinity, samples nos. 3,4 and 14, corrections were 

made according to Strickland ( 1965 ). 

Helsinki used the method based on the reaction of silica and molybdate forming 

f3 - silicomolybdic acid at pH 1.8. The absorbance of the yellow compound 

was measured at 350 mp.. 

All reagents and destilled water were stored in poly ethylene bottles, the 

reactions were also performed in polyethylene bottles and the reagents were 

added with nylon syringes of the Krogh type. 

The silica content of the destilled water was determined by concentrating a known 

amount in a platinum dish and analysed for silica. 

The reagents were as follows: 

reagent A: 1.1 N sulphuric acid 

reagent B: 3.7 10 ammonium molybdate solution. 

Procedure: 

35 ml portions were measured with 50 ml measuring cylinder, and 1.0 rn1 of 

each of reagent A and B were added while mixing. The absorbance was 

measured after 20 to 60 minutes in a 10 cm cell, using air as reference, in a 

Coleman Autoset spectrophotometer, deuterium lamp beeing the light source. 

The wavelength was 350 mp., the band width fixed at 2 millimicrons and with 
• 

digital reading with maximum 1.750. 

Corrections for salinity and phosphate contents of the samples were made 

according to given tables. 

Kiel used the method based on the reduced.8 - silicomolybdate (Grasshoff 1964). 

Metol sulphite was used as the reduction reagent~ The reduction and formation 

was performed at pH Z-2, 1. 
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Reagents were prepared as follows: 
\ 

8). hydrochloric acid O. 75 N. 

gt 6:0 g of sodium molybdate in one 1iter of destilled water. 

cJ.20 g of meto1 and 12 g of sodium sulphite were dissolved and made up to about 

3.5 liter with destilled water, and then 36 m1 of 5 N sulphuric acid was added 
·JJ'CK--

and the vo1um made up to 4 liters. Sodium chloride solutions ~ prepared 

according to the salt content of the sea water samples. 

Procedure: 

Kie1 was using the Technicon Auto Ana1yzer syst~m as described by Grasshoff 

(1965 ). 

Table 1 gives the instrumentation cif the participants~ the wavelengths and 

cuvettes used for taking the rrieasurements. The preparing of the standatsl,s, 
i 

were the same for all the participants f namely by fusing a weighed amount 

with sodium carbonate untill clear and to dis solve the melt in des tilled water. 

Bergen used a standard supplied by Lowestoft for the Norwestland HI cruise 

1963, which had been kept in the refridgerator in a screw capped polythene 

bottle. 

'F'_esults of the intercalibratioU! 

Standards from the different participants have been analysed for control by 

Helsinki, partly by Kie1 and partly by Lowestoft. The results are listed in 

Table 2. Each participant analysed samples in triplicate from five different 

stations. 

Table 3 gives the results of the intercalibration trials with standard deviations 

of each participant and of each station. The standard deviation, (Table 3), 

is based on the formula 

~I -, \ 1 ,:I':L 2 1 2l. 21 s =- \ - L -' - x - --- ( /' x) ! 
,I n, --;- n -,-- I 
l' '- -

The precision is given as two standard deviations, as prescribed by Strickland. 

Standard deviations were also made excluding the Kie1 values for Kattegat and 

<presund and the Helsinki values for Kattegat and North Sea surface. 

An attempt was made to find a significant correlation between the grand mean 

silicate content of each sample and the participants deviations from this mean. 

The calculations were performed using the following formula: 
en 

r .. ? Xi Y i _ n:xy 
nS S 

x y 

The results are given in Table 4. The Table also shows the difference between 

mean values of each participant and grand mean inp.g. atoms S i0
3
-Si/l and 

the probability. 
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Concludin.g remarks: 

Four of the participants have used the reduced /'3 -silicornolybdate as bases 

for their dete2·rni:n.3.t;_c:(r~ .3Gclf:!e fii-~~c :'"1:-::.1';:L':ip::t"!."lt has L:seri not reduced j'S -silico-

molybdate~ Ha7:i::cl.?-: '--;-;:2.;::d.?r:5. G.=·V'~2_'-;_C:;-","; :")~ tlH:': 1-;ld.~~:~1."_h;,;;co shown in Table 3 and -e- ,~ 

=:C;~:::';::'Ti)1-,:[~':pi .. ~_~~,:') ~':":F':"\;7::: i~!. ~F'~_.g~ j~ ~ it ~_:: :'..~-a.il~'~:r ~!.J.}'·l to l(1.<:~!-t at the results 

out, we get a small deCrE;2LSe in stand.ard deviation for the samples nos. 4 and 14, 

one with high, the other with low silicate content. 

Looking at the three participants using the method based on the reduced 

/3 -silico .molybdate and TIlanual analyses with the same model of instrument, 

we get an over-all decreac e in standard deviation .. 

The statistical h.anQli~'l£Z of /C~12' results as listed in Table 3 and Table 4, do not 

At this stage, having had only one silicate intercalibration, which gave a rather 

unclear picture, it is not possible to come to a final conclusion and the methods 

for the c'?;tzrI'l.ination of reactive silicate have to be further considered in the 

Subcommittee for chemical analyses of sea water. 
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Table 1. The participants instrumentation. 

Participant I Instrument Wavelength Cuvette length I 
I or in cm 

I ..iilter 
! 

Lowestoft I Unicam SP~ 500 810 InF 1 and 4 

N. I .. 0 .. I 
Unicam SP. 500 810 mp. 1.4 and 10 I 

Bergen 

\ 

Unicam SP .. 500 810 mp. 1 
Helsinki Co1eman Autoset 350 mp. 2.5 and 10 I 

\ 
Spectrophotomet 

Kie1 I Technicon Auto- Filter I 1 .. .5 
I analyzer 651 (660 ITJi) j 
I 

Table 2. Control of standards~ 

A. B. 

I 
I 
r 

I 

Source of Analyst Source of k Analyst 
standard 

Helsinki Kiel Lowestoft standard 
Helsinki Kiel Lowestoft , 

I ! 
3.94 20.82 8.00 

i Denmark 3.87 20.08 8.05 renmark I 0.99 1.02 1 .. 00 
3.88 19.94 8.05 

I 
10.12 

Kiel 10.20 Kie1 1.01 
9.94 

i 

I 20.16 10.44 IN 10 NIO I 20.30 10 .. 44 1.00 1.01 
20.36 10.49 

I 1 5.01 
Lowestoft 5.02 1.00 

4.92 
-- ~. --

I Bergen-

---.. -------.---~ -- - -
4 0 .9 
4.86 
4.92 

I Lowestoft 

I 
I 

tBergen 0.98 

Helsinki 
35 .. 79 
35.33 
35.56 

(A) Recorded values. 

I 
I 

jHe1sinki 
i 
I 

I 1.. 00 

i 

(B) Recorded values divided 
by theoretical values. 



Table 3.Resu1ts of the silicate interca1ibiation tria1s f 

r"-'"-~----T-· -~g.-' at~ms' ~~-o-3---S-i-/~---·------~----·-··--·----···--·'-1 

t~ 1 ! famp1C: no. L_1 . ____ 3 ___ . 4 10 14 ' 
location IKattegat Gulf of Got1and North Sea ~resund -S-t-a-n-d-.-""'p-r-e-c-~-· .,.....s~-· o-n--T 
I' 70 m Bothnia Deep surface surface deviate of each I 
lAna1ys i 150 m 120 m of each particip. I '9.01 73.15 68.43 6.24 17.23 i+ articip 
Lpwestoft ! 8.91 73.15 68.43 6 .. 11 17.38 - 0.368 

!Mean 
1 9.01 ! 

8.98 
I 
i 9.70 
N 

I ° 10.50 
10.2 

Mean 10.1 

! 11.45 
lKie1 I 11.45 

I 11.45 

I i' 

Ib.can 11.45 

i 6.73 lHe1sinki 1 
6.83 

I I Mean 6.78 

I Bergen 

I 9.00 j 
8.90 I 

t 8 .. 70 , 

Mean I 8.87 

! Total mean! 
'pg atoms i 9.42 
,Si03-Si/1 t 

Standard 1+ .. - 1.457 
dev~at.l.on 

l!recision 
I .J atoms 
ljtSiO -Sill 3 • 

j 
I' ~ 
\ Grand meal1 

/
pg atoms ! 

I Si03-Si/1 f 

I 
Standard 
deviation 

I Precision 
.. p.g atoms f 
i Si03-Si/1 J 
l . 

+ 2.91 

9.33 

+ 0.609 -

+ 1.22 -

73.15 

73.15 

74.12 
73.35 

-
73.74 

75.09 
75 .. 41 
75.52 

75.34 

73.92 
73.79 

73.85 

74.50 
74.50 
74.50 

74.50 

74.17 

+ .... 0~81 

+ 1.62 

74.17 

+ 0.81 -
+ 1.62 -

(A) All values included. 

67.92 

68.26 

69.00 
69.90 
70,,18 

69.70 

69.67 
69.88 
69.88 

69.81 

67.52 
67.65 

67.58 

68,,00 
69.10 
68.90 

68.67 

68.89 

1 

.± 0.882 

+ 1.76 

68.89 

+ 0.882 -

+ 1.76 -

(B) Kie1 (Kattegat and ~resund) 

6.11 17.33 -
6.15 17.31 

1+ 7.30 18.39 
7.60 18.49 1- 0.351 
8.10 18.49 1 

J 7.67 18.46 

8.49 12.43 
1 

f+ 8.36 12.58 1- 0.102 
8.48 12.43 I 

\ 

12.48 
I 

8.44 . ,i 
4.;87 16.50 1+ 0.009 4.82 16.14 1-
4.85 16.32 

, , 
• 

6.10 16.60 I 
6.00 17.00 j+ 0.291 

,-\ 6.80 17.20 

6.30 16.93 I 

6.81 
I 

16.30 I (A) 

f 
+ 1J1217 :t 2 .11J9 i 

~ 4.22 

(B) 
7.14 17.34 

I 

+ 0.987 + 0.774 t - -
+ 1.97 + 1.55 - -

Helsinki (Kattegat and North Sea surface excluded). 

- 0.736 I 
+ 

• I a , 
I I 

I 

1 + - 0.702 , 
I 

I ! 
l 

I + - 0.204 
! 

,+ 0.018 

I + 0.582 -
! 

! 



Table 4. The correlation between the grand mean silicate content of 

each sample and the participants deviations from this mean. 

"0 "--~-.--,--.. --------.--- "---~"----"""t 

I Grand mean I Difference between mean values of each t 
pg atoms 4 participants and grand mean pg atoms ! 
SiC -sill J SiO -Si/I. 

Sample 

I ! 
3 

I 
3 1 

fNumber; Locality I Kiel Helsinki Lowestoft 0 
f 
! 
1 . 1 
I 
I 
I 3 l 
! 

4 

10 

14 

I 
I I Kattegat I 9.33 +2.12 70 m i 
I 

I Gulf of I I Bothnia 74.17 +1.17 I 150 m I I 
1
1 Gotland t--

120 m I 68 .. 89 I 1+0 ,92 

I I North seal I surface I 
~resund 

1 surface 

7.14 

17.34 1+4·86 

Correlation +0.199 
coefficient 

...probabilityl >0.8 

N I Bergen 

+2.55 +0.35 +0.77 +0.46 

+0.32 +1.02 +0.43 +0.33 

+1.33 +0.63 +0.81 +0.22 

+2.29 +0.99 +0.53 +0.84 

+1.02 +0.03 +1.12 +0.41 

+0.753 +0.408 +0.566 +0.546 

'70.1 "'0.4 -"'0.3 70.3 

x Total means of participants, excluding Kiel (Kattegat and ~resund) 
and Helsinki (Kattegat and North Sea surface) samples. 

I 
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