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THE (ETHYLENEDINITRILO)TETRAACETATE TITRATION OF
CALCIUM AND MAGNESIUM IN OCEAN WATERS 1

I. DETERMINATION OF CALCIUM

BY
JOHN B. PATE

AND

REX J. ROBINSON
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ABSTRACT
Various factors influencing the determination of calcium in ocean water by
(ethylenedinitrilo)tetre.e.cetate titration have been investigated. Using Cal-Red as
indicator, the method has been applied in titrating 36 ocean samples. A calciumchlorinity ratio of 0.02134 was obtained. The speed, preciseneBB, accuracy and simplicity of the method should encourage its future use.

INTRODUCTION
Ocean water is a complex solution of ions, with sodium and chloride
predominating and with sulfate, magnesium, calcium and potassium
comprising the other major ions. Most of the other known chemical
elements occur in ocean water in minor or trace quantities. Although
the total concentration of ions in ocean water varies with locality,
it has been amply proven that the relative concentrations or ratios
of the major ionic species and of some minor ones remain surprisingly
constant. Since the chloride ion is predominant and since it may be
determined readily and with great accuracy, the concentrations of
other ions are frequently reported as ion-chlorinity ratios.
Although all of the alkaline earths occur in sea water to some
degree, only magnesium and calcium are major constituents; strontium is present in minor but significant quantities. Analyses of
ocean waters for these ions have not been numerous but they have
yielded metal ion-chlorinity ratios which have been quite constant.
However, the exact values of the ratios have not been established
with certainty ; furthermore , there is some doubt as to whether
1
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deviations of individual samples from the average ratio have significance or are due to experimental errors in analysis. The methods
of analysis which have been used for both calcium and magnesium
in sea water, in general, are laborious and subject to important
errors. Certainly fast and accurate methods of analysis would be
highly desirable. Recent use of (ethylenedinitrilo)tetraacetate (conveniently designated EDTA) as a complexometric titrant in estimating calcium and magnesium has suggested its application to
analysis of sea water.
Carpenter (1957b) has reviewed concisely the methods which
have been used in analyses of ocean water for calcium. Previous
investigators have most frequently precipitated the calcium as the
oxalate and weighed it as calcium oxide or estimated it with potassium permanganate titration. The calcium oxalate method is
particularly susceptible to errors due to coprecipitation of sodium,
potassium, magnesium and sulfate. Also, it has been generally assumed that strontium was completely precipitated and estimated
with calcium. If the strontium content is known, then the calcium
content can be readily calculated. But recently certain experimental
evidence by Carpenter ( 1957b) and Banewicz and Kenner ( 1952) has
indicated that the strontium may be only partially precipitated,
leaving it uncertain as to what correction should be applied to
obtain the calcium content. A flame photometric procedure for
estimating calcium, with an indicated precision of about one percent, has been reported by Chow and Thompson (1955b) . Since
calcium is measured directly by this method, no correction need be
made for strontium.
de Sousa ( I 954) has indicated satisfactory results in estimating
calcium in ocean water by titration with EDTA, using murexide
as the indicator, but he included no data in his paper. Voipio (1957),
in estimating magnesium in Baltic Sea waters, determined the alkaline earth metals, but, like de Sousa, he gave no data. Carpenter
(1957a, 1957b) also determined calcium in sea water with EDTA
titration, but he used a spectrophotometric titration technique to
establish the end point. Before titration, Carpenter separated calcium
from magnesium by ion-exchange chromatography. al Kadhim
(1957) titrated sea water for calcium with EDTA after separating
the calcium from the magnesium by precipitating calcium oxalate.
This work was of a preliminary nature but appeared promising.
A commonly used method of estimating calcium in natural waters
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(Diehl, et al., 1950) involves titration of calcium with EDTA after
precipitation of magnesium as the hydroxide at pH 12. The complexometric titration of calcium in sea water is faster and it offers
the possibility of being more accurate and precise than the gravimetric or volumetric procedures which depend on calcium oxalate
precipitation.
REAGENTS AND INDICATORS
Unless otherwise indicated, all chemicals except indicators were
reagent grade.
Calcium Standard Solution. Mallinckrodt's calcium carbonate,
analytical reagent (containing 0.01 °lo Mg and 0.01 °lo alkali as sulfate) was used in preparing the calcium solution.
Dissolve 1.001 g of calcium carbonate, dried at 105° C, in a minimum of 2 N HCl and dilute to about 600 ml. Dissolve 12.3 g reagent
grade magnesium sulfate heptahydrate (MgSO 4 • 7H 2 O) in the solution
and dilute to one liter in a volumetric flask.
(Ethylenedinitrilo)tetraacetate Solution. Dissolve 5.585 g of reagent
grade disodium dihydrogen (ethylenedinitrilo )tetraacetate dihydrate
in water and dilute to one liter to obtain a 0.01500 M solution. Use
it either as a primary standard (Blaedel and Knight, 1954) or standardize it against the standard calcium solution.
Sodium Hydroxide-Potassium Cyanide Solution. Dissolve 80 g of
sodium hydroxide and 10 g of potassium cyanide in 500 ml of distilled water and dilute to one liter.
Cal-Red I ndirotor [1-(2-hydroxy-4-sulfo-l-naphthylazo )-2-hydroxy-3-naphthoic acid]. This indicator was obtained from Science
Service Laboratories, Inc. Dallas 21, Texas. Triturate 0.5 g of the
indicator with 50 g of sodium sulfate until the dye is evenly distributed throughout, as recommended by Patton and Reeder (1956).
Other indicators investigated in this paper were prepared as
directed in the literature cited.
Calcein. Its structure has not been established. It is a condensation
product of fluorescein, formaldehyde and iminodiacetic acid; Diehl
and Ellingboe (1956).
Calcein-Thymolphthalein; Tucker (1957).
Erio R , Eriochrome Blue-Black R, Calcon; Sodium salt of 1-(2hy~oxy-l-naphthylazo)-2-naphthol-4-sulfonic acid ; Hildebrand and
Reilley (1957).
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Erio SE, Eriochrome Blue SE; Disoclium salt of 3-(5-chloro-2hydroxyphenyl-azo )-4,5-clihydroxynaphthalene-2, 7-clisulfonic acid;
Barnard, et al. (1956) .
Murexide; Ammonium purpurate; APHA (1955).
Murexide-Naphthol Green B; Knight (1951).
PROCEDURE FOR CALCIUM
Pipet 25 ml of the sea water sample into a 125 ml flask and dilute
to 50 ml. From a 50 ml buret, deliver 1 ml less than the required
amount of the titrant as calculated from the chlorinity value (a).
Swirl the sample and add 5 ml of the soclium hydroxide-potassium
cyanide solution (b ). After three to five minutes add 0.5 g of CalRed inclicator (c) and titrate (d) to a blue end point (e).
(a). This volume can be ascertained from preliminary titration of
a separate sample if it is expected to have an abnormal calciumchlorinity ratio.
(b ). Potassium cyanide is added to the sample solution to complex
any traces of metals which might block the proper functioning of
the indicator.
(c). This amount of inclicator can be measured easily with an
appropriate measuring spoon.
(d). Magnetic stirring is recommended.
(e). Comparison should be made with an appropriate reference
solution.
INVESTIGATION OF THE METHOD
Prior to analysis of sea water samples by complexometric titration,
numerous inclicators, buffers and procedural moclifications were
investigated exclusively before arriving at the procedure described
later. A brief summary of this investigation follows.

Statistical Treatment of Results. When investigating the various
points in the method, titrations were made on a group of identical
samples, usually five or more in number. Each result shown in the
tables is a mean value, calculated, as shown below, for a 95 °lo
confidence interval (CI). This interval was calculated by means of
the Student t clistribution from the relationship (Wilson, 1952)
ka

cI = ± Vn'
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where n = number of measurements; a = standard deviation of the
measurements; k = coefficient for 95 °lo confidence interval obtained
by integration of the Student t distribution.
In calculating the mean or standard deviation, all values were
utilized if their deviations divided by the average deviation (excluding the doubtful deviation) gave quotients less than 2.5 or if
more than one measurement showed a ratio greater than 2.5. A
single doubtful result was discarded if its quotient was greater than
2.5.

Evaluation of Indicators. A review of the literature yielded quite
a list of indicators which have been used in EDT.A. titration of
calcium. A number of the most promising were selected for investigation and comparison. A synthetic sea water approximating the
composition of natural sea water was titrated with EDT.A., using the
different indicators for end point detection. Results of these titrations,
their precision as shown by the confidence intervals, and various
observations regarding end point detection are summarized in
Table I.
Murexide was the first metal indicator reported for use in EDT.A.
titrations, and widespread usage of it has followed. This method,
applied to the determination of calcium hardness in natural waters,
is now standard (APHA, 1955). The difficulty experienced in end
TABLE I. EVALUATION OF VARIOUS INDICATORS

Indicator

Meq_ .
Found•

Murexide
Murexide-Naphthol G
Cal-Red
Erio R
Erio SE
Calcein
Calcein-Thymolphth.

0.2025
0 .2043
0.2125
0.2120
0.2124
0.2095
0.2091

95

°lo Cit
0 .0007
0 .0017
0.0005
0.0003
0.0009
0.0008
0 .0007

Remarlc8tt
Diff; Fl
Diff; Fl.
Sharp
Sharp
Diff
Diff; Fl
Diff; Fl

• Synthetic sea water sample, 0.2136 meq. taken. Mean value of four to six
determinations.
t Assigned by the Student t distribution (Wilson, 1952).
tt Diff = Difficult end point; color change involves disappearance of a. tint in
a. complex she.de ; e.g., the disappearance of salmon in a. purple.
Fl = Fluorescence, which occurs if titrated in daylight or fluorescent light• end
point change is thereby obscured.
'
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point detection appears to contribute to low results, and use of
Nahpthol Green B as a screening agent to facilitate detection of the
end point did not improve results.
Erio SE, used by Flashka, et al. (Barnard, et al., 1956) was tried,
but difficulty was experienced in detecting the end point. Fluorescence interfered in the end point detection, using Calcein, and
use of thymolphthalein with Calcein did not give satisfactory results.
Of the various indicators shown in Table I, Cal-Red and Erio R
were superior in ease of end point detection, precision and stability.
These were tested further.

Selection of End Point Color for Cal-Red Indicator. Welcher (1958)
has pointed out that consistency in choice of end point color is
needed in visual titrations with Cal-Red indicator inasmuch as
there is a range of colors within which a selection may be made.
When titrating pure calcium solutions, a clear easily recognizable
blue is obtained. However, when titrating sea water samples by
means of the method presented in this paper, the end point is more
difficult to detect because of the presence of magnesium hydroxide.
The color shift of the indicator is from lavender to ultramarine to
blue, each step requiring about 0.1 ml of titrant.
As shown in Table II, the precision obtainable with the ultramarine end point is not as great as that with the blue end point.
TABLE

II.

SELECTION OF COLOR USED FOR END POINT WITH CAL-RED INDICATOR

Sample
Ca.
Ca.+ 37.5 mg Mg

Ca.+37.5mg Mg

Meq. Ga
Found*

95°1o01

°lo

±

Dev.

0.4998
0.4937
0.4953
0.4966
0.4985
0.4999t
0.4995
0.4995
0.5001
0.5000
0.5002

0.0015
0.0033
0.0280
0.0066
0.0142
0.0035
0.0085
0.0100
0.0033
0.0033
0.0074

-0.04
-1.26
-0.94
-0.68
-0.30
-0.02
-0.10
-0.10
+0.02
0.00
+0.04

• Mean of four to six determinations, excepting
mina.tions.

t,

End Point Color
Blue
Lavender-·u1tra.ma.rine

Blue

which is mean of nine deter-
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Moreover these results are low by about 1 °lo whereas those titrated
to a blue are low by only about 0.07 °lo- To increase the accuracy
of the end point detection, comparison was made with a reference
solution containing magnesium hydroxide titrated to the blue end
point.
It was noted also that the indicator increased in stability with
magnesium hydroxide precipitate present. The end point color persisted for several hours, thus permitting comparison of the end point
color of samples with those used in standardization. Rapid decomposition of the indicator in highly alkaline solution, as has been reported by Belcher, et al. (1958), was confirmed when pure calcium
solutions were titrated.

Control of Alkalinity of the Solution. When magnesium is separated
from calcium by precipitating magnesium hydroxide, the solution
is adjusted to pH12 and held there with a buffering agent such as
diethylamine (Hildebrand and Reilley, 1957). It was thought that
magnesium could be quantitatively precipitated by adjusting the
pH of the solution to this value simply by adding sodium hydroxide
in sufficient volume and that dilution resulting upon titration would
not change the pH materially. Such was found to be the case. A
series of titrations performed with varying amounts of sodium hydroxide present indicated that five ml per sample of sodium hydroxidepotassium cyanide solution, prepared as specified in the reagent
section, appeared to be sufficient.
Prevention of Coprecipitation of Cakium with Magnesium Hydroxide. To prevent loss of calcium through coprecipitation with magnesium hydroxide, Patton and Reeder (1956) proposed that all but
one milliliter of the titrant be added prior to addition of the precipitating agent. Usually a preliminary titration is necessary to
ascertain the volume of titrant needed. In the case of sea water
titrations, the amount of titrant required can be calculated from
the Ca/Cl ratio.
This variation of procedure was tested on sea water with Cal-Red
and Erio R indicators. As shown in Table III, excellent results in
respect to precision and accuracy were obtained with Cal-Red.
With Erio R the precision was satisfactory, but a desirable accuracy
was lacking.
Bond and Tucker (1954) suggested that sucrose be added to form
a weak calcium complex which is stable enough to prevent calcium
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TABLE

III.

EFFECT OF ADDING TITRANT PRIOR TO CONTROL OF

Indica.wr

Meq_.
Taken•

Meq .
Foundt

950fo01

Erio R
Ce.I-Red

0.4544
0.4544

0.4780
0.4555

0.0006
0.0006

±

397
PH

°lo Dev.
+6.2
+0.2

• Puget Sound sea water sample taken ; value calculated from chlorinity and
from Ca /Cl and Sr/Cl ratios.
t Mean of four t o six determinations.

coprecipitation with magnesium but weak enough for the calcium
to react with EDTA. Another suggestion by these authors involved
precipitation of calcium carbonate before formation of magnesium
hydroxide. The calcium in the calcium carbonate is still titratable
with EDTA but the magnesium in the precipitated hydroxide is
not. Neither of these modifications of procedure yielded satisfactory
results when tried by us.

Completeness of Titration of Strontium. From the formation constant for the strontium EDTA complex, log K = 8.63 according to
Welcher (1958), the strontium in sea water should be completely
titrated with EDTA. This has been verified experimentally. Additional strontium in the amount of 0.0217 milliequivalents added
to a sample of Puget Sound sea water containing 0.1818 milliequivalents of titratable metallic ions was titrated completely.
CALCIUM CONTENT OF OCEAN WATERS
Thirty-six water samples from three ocean stations have been
analyzed for calcium, using the procedure described in this paper.
Chlorinities were determined by Mr. Ralph W. Riley, chemist,
Oceanography Department, University of Washington. The method
described by Knudsen was followed, except that fl.uorescein was
used as the indicator as recommended by Miyake (1939). These
chlorinity values were verified by us, using the regular Knudsen
method. Results of analyses for a single station are presented in
Table IV as being representative.
To obtain calcium values for these samples it was necessary to
correct for strontium, since both strontium and calcium are titrated
by EDTA. The strontium content was calculated from the chlorinity
of the water sample and from the Sr/Cl ratio. Recent work by Chow
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TABLE IV. CALCIUM CONTENT OF SEA WATER TAKEN ON BROWN BEAR

CRUISE

No. 179 AT ST. No. 26 (48°12' N , 127°17' W) ON 9 NoVEMBER 1957

(m)

Temp .
(o C)

Ghlorinity
0
( /oo)

0
10
20
30
60
75
100
125
143
167
182
271
448
678
918
1267
1559

13.28
13.28
12.96
11.74
7.46
7.02
6.70
6.93
6.83
6.85
6.84
5 .98
4.90
4.22
3.61
2.99
2.44

17.927
17.931
17.925
17.973
18.069
18.102
18.215
18.404
18.583
18.690
18.706
18.780
18.873
18.941
19.007
19.071
19.100

Depth

Meq . Ga/l
19.57
19.60
19.58
19.54
19.63
19.70
19.84
19.99
20.18
20.45
20.43
20.40
20.52
20.54
20.71
20.68
20.81

Standard Deviation

°lo

0.02141
0.02144
0.02142
0.02132
0.02130
0.02134
0.02135
0.02129
0.02127
0.02143
0.02139
0.02128
0.02129
0.02123
0.02133
0.02133
0.02133
0.02134

Mean

Av.

Ga/Cl

Deviation

±0.00006
0.6

and Thompson (1955a) has indicated a Sr/Cl ratio (by weight) of
0.00042. Work of Smales (1951), Odum (1951) and Bowen (1956)
is in agreement with the work of Thompson and Chow. This value
was used in calculating the calcium values listed in Table IV. The
mean Ca/Cl ratio (by weight) for the 35 samples analyzed is 0.02134,
with an average deviation of 0.6 °lo- The ratios for the various depths
were in excellent agreement with the mean. On the basis of present
work, no special significance is attached to the fact that the top
three values were somewhat high, since the magnitudes are but
slightly greater t han the standard deviation.
Selected Ca/Cl ratios found by previous investigators are shown
in Table V. The earlier ratios were originally corrected for a strontium content which was later shown to be too high. The ratios recorded in Table V have been recomputed for a Sr/Cl ratio of 0.00042
after the method of Webb (1938) .
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As mentioned previously, evidence indicates incomplete precipitation of strontium oxalate along with the calcium oxalate.
Consequently the ratios involving oxalate precipitation, methods 1
and 2 in Table V, could be too low because of over-correction for
strontium. Carpenter's result with oxalate precipitation, however, is
not subject to this criticism because the strontium content of the
calcium oxalate precipitate was ascertained by flame photometric
examination and was corrected correspondingly. Carpenter's ratios,
based on chromatographic separation of calcium followed by EDTA
titration, should also be independent of strontium. Likewise Chow
and Thompson's ratio from flame photometric estimation of calcium
should be unaffected by strontium.
The Ca/Cl ratio as ascertained from the present work is in general
agreement with the ratios given by previous investigators listed in
Table V. It is intermediate between the values based on calcium
oxalate precipitation and the ratio of Chow and Thompson with the
TABLE V. SELECTED VALUES FOR THE CALCIUM-CHLORINITY RATIO OF OCEAN
WATER
Anal.
Author
Location*
Ca/Gltt
Methodt
Dittmar (1884)
Thompson and Wright (1930)
Kirk and Moberg (1933)
Miyake (1939)
Matida (1950)
Chow and Thompson ( 1955b)
Carpenter (1957a)
Carpenter (1957b)
Carpenter (1957b)
Robinson and Pate

*

All Oceans (4)
Pacific (30)
Pacific (17)
Pacific (18)
Tokyo Bay (15)
Pacific (16)
Atlantic (24)
Atlantic (1)
Atlantic (1)
Pacific (36)

l

l
2
l
l

3
4
4
l

5

0.02128
0.02115
0.02135
0.02120
0.02130
0.02189
0.02119
0.02122
0.0212.6
0.02134

Number in parenthesis indicates number of samples analyzed.
Method l: Precipitated as oxalate, weighed as CaO.
Method 2 : Precipitated as oxalate, titrated with permanganate.
Method 3: Estimated with flame photometer.
Method 4 : Strontium separated by ion exchange, calcium titrated with EDTA.
Method 5: Titrated with EDTA.
tt Ca/Cl ratio calculated on weight basis. As corrected by Lyman and Fleming
(1940) for air bouyancy in weighing, for reference standard used in chlorinity, and
for changes in atomic weights. Results have been corrected where required for a
Sr/Cl ratio of 0.00042.

t
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flame photometer. This close agreement with previous work is added evidence of the accuracy of this method as applied to sea water
analysis. The speed and simplicity of this method should encourage
its usuage for determination of calcium in sea water.
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