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SYNOPSIS 

In the present paper, the regional distribution of calcium in the Atlantic 
water off South Brazil was examined oceanochemically by analyses of calcium 
contents in 78 water samples which had been collected off the coast of the São 
Paulo State. The chelatometric titration with EDT A reagent was employed in 
these analyses of calcium with good results. 

Calcium content of the water in the present area bears an almost direct 
relation to the chlorinity. The estimate of Ca/ Cl is 21.56 X 10-3 • Allowance 
has been made for the strontium included in the estimate for calcium. The 
estimate of Ca/ Cl as mentioned above is much the same as that made by other 
researchers, and the Ca/ CI factor of the Atlantic water appears to be lower than 
that of the Pacific water. 

It is of great interest that the distribution of calcium in the water shows 
close correlation to the oceanographic condition in the present are a of the 80uth 
Atlantic Oceano Namely, the surface water of the Brazil Current gave a relatively 
low estimate of Ca/ CI as 21.4 X 10- 3 compared with that of the subsurface 
water, where it is 22.0 X 10- 3 or more. 8uch a close relation between them 
certainly suggests that the Ca/ CI factor is an appreciable clue for distinguishing 
different water masses in a definite area. 

A characteristically minimum zone of calcium content was observed in the 
subsurface layer at the approximate depth of 50 m in the off-shore station (8t. 
69). This minimum zone can be attributed to the increased development of zoo­
plankton populations, whose active respiration causes a high consumption of dis­
solved oxygen in a degree of saturation of 70% in the water of this zone. This 
distribution aspect of the calcium is noteworthy as it shows a close , relation 
between calcium-utilizing organisms and their biochemical and ecological conditions. 

INTRODUCTION 

In oceanic water away from terrigenous in· 
fluences, the quantity of calcium, as pointed out by 
many researchers (LYMAN & FLEMING 1940; THOMP­
SON & WRIGHT 1930; KIRK & MOBERG 1933), is de­
finitely correlated to the corresponding chlorinity. 
However, in the upper euphotic zone, a slight di­
vergence from the constancy in the ratio of calcium 
to chlorinity is sometimes observed on account of 
active development of plankton populations. In deep 
water over the oceanic bottom floor, the tremendous 
hydrostatic-pressure of the water causes a dissolution 

. of the calcium from the bottom (WATTENBERG, 
1933) . 

• At present in the Faculty of Fisheries, Prefectural 
University or Mie, Tsu, Japan. 
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The distribution of calcium in sea water in the 
littoral region is remarkably affected by the pre­
dominant supplies of terrigenous waters. GRIPEN­
BERG (1937) distinguished several different masses 
of water in the Baltic Sea, where low salinity water 
of about 6 o 100 is generally found in the deeper 
layer, diluted by the tremendous amount of land 
water which runs into the area, by means of the 
deviation of the ratio Ca/ CI. 

Although a fairly large number of publications 
have hitherto been presented by many researchers in 
relation to calcium in the sea water, very few re-
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ferences were available dealing with the regional 
distribution of calcium content as based on the 
practical determination of calcium in the water. Even 
in such synthetic observations of oceanography as 
the 'Meteor' Expedition (WATTENBERG, 1933) or the 
Swedish Deep-Sea Expedition (BRUNEAU et aI., 
1953), there are no actual determinations of calcium 
in sea water itself, but measurements of alkalinity, 
pH and chlorinity of the water samples were ma de 
so as to estimate the calcium content_ 

Till now few works are available related to the 
distribution of calcium in the Southern Atlantic, es­
pecially oH South .Brazil. As mentioned above, WAT­
TENBERG (1933) investigated a probable feature of the 
distribution of calcium carbonate in the Atlantic 
water studying data on the alkalinity of the water. 
In his investigation, the observed area was principally 
located in the equatorial region of the Southern 
Atlantic. Thus, only a few stations where he actual­
ly observed the alkalinity of sampled waters were 
situated in the Southern Atlantic oH the South of 
Brazil. 

The calcium contents of 78 samples from the 
South Atlantic water were determined by the author 
for the purpose of examining actual distribution of 
calcium in this area from oceanographic and eco­
logical points of view. In determining cálcium from 
these water samples, the author's own method (KATO, 
1966a) was employed with satisfactory results. 
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EXPERIMENTAL 

The water samples were collected during the 
period from the 31 sl of October to the 5 lh November 
1956, during the third cruise of the corvette 'Soli­
móes' from the Brazilian Navy (EMILSSON, 1956). 
They were stored in the Section of Physical Oceano ... 
graphy, Oceanographic Institute, University of São 
Paulo. 

The chelatometric titration, as described in the 
previous paper, was applied to determine the calcium 
content of these samples. The standard error of a 
single determination was -+- 0.4%. All analyses were 
made at least in duplica te, several salllples being 
analysed three or four times. Table I gives the 
means of all the analyses. 

The calcium content was determined in mg/l 
and reduced by calculation to mg/kg. The cor­
responding oceanographic data referred were taken 
from the report published by the Section of Physical 
Oceanography (EMILSSON, 1956). 

When the investigation was undertaken, the 
samples had been stored for a year and half, but 
the fact that the chlorinity in most cases agreed 
with those determined in 1956 in samples from the 
same localities and depths showed that no appreci~le 
evaporation had taken place. The localities from 
which the water samples were collected are illustrated 
in Figure 1, and the results . are summarized in 
Table I. 

Cv."SOLlMÕES N 24-
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26-
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~65 
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57 

Oceanographical Stations 
28-

Flg. 1 - Locatlon of observed stations. 
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TABLE I - Calcium content of the Atlantic water off South Brazil 

station * No I Depth observed \ 
(m) Temp. (DC) 

I 
CI (o I 00) I 0 , sat. ( %) I Ca' (mg/kg) Ca/CI (X 10-') 

56 10 22.53 19.275 - 421 21.86 

59 O 21.50 19.61 105.8 424 21.60 
10 20.70 19.64 - 420 21.40 

10 21.32 19.485 - 392 21.09 
60 19 18.44 19.54 102.3 402 21.55 

29 14.52 19.56 - 407 21.83 

O 22.30 20.35 95.8 452 22.24 
7 22.25 20.36 - 427 20.96 

16 22.26 20.39 96.7 437 21.43 
22 22.14 20.365 - 436 21.40 
38 22.02 20.375 90.1 435 ' 21.35 
57 21.47 20.31 - 439 21.64 

64 77 21.51 20.345 95.7 438 21.54 
104 20.87 20.305 - 435 21.43 
139 19.59 (20.17) 99.7 446 (22.24) 
174 18.50 20.07 - - 427 21.16 
370 12.27 19.405 75.5 428 22.07 
444 , 9.44 19.25 - 416 21.63 
571 5.78 19.18 - 425 22.14 

O 21.60 20.43 95.8 436 21.27 
8 22.25 20.42 - 420 20.58 

14 22.28 20.38 97.4 431 21.12 
22 22.25 20.40 - 425 20.89 
38 22.20 20.325 96.3 441 21.62 
59 22.09 20.37 - 439 21.51 

65 127 21.86 20.39 - 437 21.42 
143 21.74 20.38 93.7 445 21.96 
180 20.88 -. 20.245 - 440 21.84 
221 19.79 20.165 91.2 443 22.53 
452 12.60 19.445 71.5 431 22.45 
580 9.16 19.21 - 435 21.56 

O 21.55 22.44 94.9 410 21.04 
9 21.87 20.405 - 400 20.57 

20 21.96 20.415 95.1 413 21.27 
30 21.90 20.40 - 417 21.44 
50 21.90 20.415 97.1 447 22.96 
75 21.81 20.365 - 411 21.18 

67 100 21.07 20.31 95.0 415 21.43 
130 20.32 20.295 - 413 21.36 
173 18.39 20.06 87.8 410 21.43 
217 17.28 19.845 - 400 21.15 
262 15.74 19.76 82.9 401 21.29 
426 12.66 19.495 - 404 21.72 
538 9.69 19.43 69.6 393 21.21 
690 6.13 19.025 - 388 21.40 

-

(Continued) 
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TABLE I (Continuation) 

Statlon • No 
Depth Qbserved 

Temp. (OC) CI (0/00) I 0. sat. (%) I' Ca (mg/kg) I Ca/CI (X 10-3 ) (m) 

O 22.00 
9 21.60 

18 21.48 
27 21.44 
45 21.38 
68 21.36 

69 91 21.04 
133 21.03 
177 18.65 
222 17.41 
267 15.78 
397 13.1i> 
501 10.63 
643 7.12 

O 20.45 
9 21.60 

19 21.49 
28 21.58 
47 21.64 

71 69 21.66 
88 18.25 

147 14.88' 
443 9.35 
710 4.85 

O 21.40 
74 10 20.96 

20 20.42 
65 14.69 

• Note - Additlonal da ta to Table I . 

Station No Location 

58 24008.0'8 - 46°11.5'W 
59 24013.0'S - 46003.5'W 
60 24028.5'8 - 45046.0'W 
64 26008.0'S - 43058.5'W 
65 26044:0'S - 43020.0'W 
67 27018.0'S - 43038.0'W 
69 27010.0'S - 45027.0'W 
71 27009.0'8 - 46048.0'W 
74 27017.0'8 - 47054.5'W 

DISCUSSION 

1. . Relation between calcium content and chlorinity 
Ln sea .water 

A definite reIation will be found, as shown in 
TabIe I, between the caIcium content and the chIorin­
ity of the water sampIe, wheréby the ratio of Ca 
to CI averages up to 21.56 X 10-3 in the present 
study. . 
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20.33 96.2 441 21.70 
20.295 - 447 22.03 
20.28 90.7 448 22.07 
20.315 - 441 21.86 
20.35 71.2 433 21.28 
20.31 - 442 21.76 
20.25 90.8 437 21.57 
20.125 - 431 21.42 
20.005 94.5 439 21.93 
19.87 - 441 22.19 
19.74 80.0 439 22.27 
19.525 - 429 21.94 
19.31 73.3 418 21.62 
19.10 - 413 21.61 

.' 

20.365 100.2 439 21.55 
20.24 - 442 21.84 
20.19 98.8 427 21.14 
20.245 - 429 21.18 
20.215 94.0 435 21.53 
20.24 - 422 20.84 
19.89 99.7 429 21.55 
19.64 - 422 21.48 
19.225 - 429 22.30 
18.97 - 413 21.77 

19.675 98.9 423 21.51 
19.64 - 408 20.78 
19.67 97.1 439 22.29 
19.64 72.7 427 21.71 . 

Date of sampling I Water depth (m) 

31/10/56 30 
31/10/56 46 
31/10/56 62 

1 / 11/56 > 2200 
2 / 11/56 ca 2500 
2 / 11/56 ca 2960 
2/ 11/56 > 2200 
3/11/56 767 
3/11/56 70 

So as to compare the above estimate of Ca/CI 
with the others presented up to date, a series of 
the estimates of Ca/CI presented by many researchers 
are Iisted in TabIe 11. The present estimate agrees 
pronoimcedly with the others. In the TabIe allow­
ance was made for the strontium included in ~e 
estimation of caIcium. In the cheIatometric deter­
mination, strontium is included in the titre and causes 
a drawn out end-point (SCHWARZENBACH, 1957). 
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• 
TABLE II - The ratio of calcium content to 

chlorinity in sea water 

Author Location I Ca/CI 
( x 10-3 ) 

Dittmar (1884) (recal- (oceans) 20.95 
culated by Lyman & 
Fleming, 1940) 

Thompson & Wright North Paclfic Ocean 20.90 
(1930) 

Kirk & Moberg (1933) North Pacific Ocean 21.54 
(coast of 80uthern 
Californla) 

Gripenberg (1937) North Atlantic Ocean 21.56 

Kato (in the present 80uth Atlantic Ocean 21.56 
paper) (off 80uth Brazil) 

8verdrup et ai!. (1942) (oceans) 21.76 
(8r: 0.70) 

Chow & Thompson North Pacific -ücean 22.42 
(1955) (Gulf of ~laska) (8r: 0.48) 

8ugawara (1955) Northwestern Pacific 23.21 
Ocean (off Japan) (8r: 0.47) 

In general, the strontium content in the sea 
water amounts to about 3.2% of the calcium content; 
Srj CI is approximateIy 0.70 X 10-3 (SVERDRUP et aI., 
1942). MIYAKE (1939) estimated the ratio of SrjCI 
to 0.75 dealing with the Kuroshio Water of the North­
western Pacific, while CHOW & THOMPSON (1955) 
calculated a ratio of SrjCI of 0.42 X 10-3 for the 
Atlantic Water. 

• 
BRUNEAU et alo (1953), in the Swedish Deep. 

Sea Expedition, estimated the Caj CI facto r, after his 
determinatlons of alkalinity and pH of the water 
samples, pointing out that the CajCI facto r has a 
larger value in the Pacific water than in the Atlan· 
tic water. A similar feature of the local deviation 
of the CajCI in sea water is demonstrated in Table 11. 

As it is diHicult to find publications on the 
actual distribution of calcium in the South Atlantic 
Ocean, the author calculated the probable quantities 
of calcium in the Atlantic oH Brazil using the data 
on alkalinity of the water published by WATTENBERG 
(1933) with the following formula: 

Ca (mg-atomsjl) = alkalinity + 0.465 X chlorinity 
2 

(SVERDRUP et al., 1942) 

The estimates 20.4-20.6 X 10-3 , shown in Table 
lU, may not always be trustworthy enough for de· 
monstrating the actualfeature of calcium distribution 
in the present area, because of the small number of 
available data. The author's estimate 21.56 X 10-3, 

seems comparatively larger than the above estimates 
from WATTENBERG'S data, but it should be noted 
that the present estimate, 21.56 X 10-3 , of Caj Cl 
involves that of SrjCI, approximateIy 0.70 X 10-3 • 

Consequently, the correct value of CajCI, excepting 
the value of SrjCI, in the presenfi. investigation is 
estimated to approximateIy 20.86 X 10-3 , agreeing 
fairly well with the values calculated from the WAT· 
TENBERG'S data. 

TABLE III - Distribution of calcium in the South Atlantic water, off Brazil, as estimated from the 
available data of WATTENBERG (1933) 

8tation No 

I 
Locatlon I Depth observed Alkallnlty CI (%o) Ca (mg/kg) Ca/ CI (X 10-3 ) 

(m) calco calco 

156 . 15°17.6'8 200 
25056.0'W 

161 17°42.3'8 60 
37053.0'W 

162 17°55.1'8 627 
37°09.8'W 

200 8°59.6'8 O 
250 59.7'W 200 

203 11°50.0'8 O 
35012.0'W 50 

3 . Relation of calcium distribution toits oceano­
graphic environment in the Atlantic water off 
South Brazil 

OH South Brazil, the Atlantic Central Water 
spreads from the surface to a depth of approximately 

• 600-700 m. This entire water mass forms a certain 
kind of 'Troposphere'. According to DEFANT'S de· 
finition, by sinking within the Subtropical Conver· 
geIRe between latitudes 30° and 40° S. Below the 
Central Water the Antarctic Intermediate Water, with 
low salinity near 34.6°j(Jo, is found over the deep 
and the bottom water. These waters are present 
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2.301 19.69 402 20.42 

2.346 20.47 418 20.43 

2.237 19.08 390 20.42 

2.423 20.01 412 20.57 
2.364 19.56 401 20.49 
2.452 20.36 418 20.54 
2.457 20.46 413 20.19 

beIow the Intermediate Water and are of greater 
thickness than the two other water masses together. 

In the Central Water the Brazil Curreht is the 
most outstanding current oH Brazil, moving waters 
of high salinity and high temperature in the surface 
down to a depth of about 150 m to 200 m and 
proceeding to the south along the Brazilian coast . 

To find out whether any correlation between the 
calcium distribution and 1tS corresponding oceano· 
graphic condition exists in the present area oH Brazil 
is of great interest. This correlation gives a certa in 
clue to distinguish diHerent water masses from each 
other both from the oceanographic and from the 
biological point of view. 
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Flg. 2 - Relatlon of calclum dlstrlbutlon to its oceanographlc envlronment In the Atlantlc water off South Brazll No. 1. 

Bolm Inst. oceanogr. S . P~Ulo, 15: (1): 29-39, 1966 34 



Ca/CII03 ~I ~1~1~~~i~I~'~~'-TI~~~~I~~~I~i~I-T~~I~I~~I ~I~' 
CO mg/kg 20 5 21 5 22 5 . 23 

~i40~0~-4~1~0---4~12-0--~4~30~--4~14-0--~450 0---------0-----0 y 
-0------

100 

200 

E 300 

~ 
~ 
a.. 
w 
o 

a:: 
~ 400 

~ 

500 

600 

o Temp C 
s 0/00 

02 Sat % 

o:------
--

/ 
/ 

/ 
I 
I 

I 
/ 

/ 
/ 

--

O""" 
,/ 

....-
" ....... ....... 

I 

9 
---o~ Ó 

"' I ", / 

\ d 
I / 
/ I 

OI I / 
/ o o 

,,/0 //Temp.( 
/' 2. / 

/' I / 
...... /' O O 

....... / / 
/ / 

/ 
OÓ / . 

/ / 
. / 

I 
! I 

j 
Ii 

I 
I 
I 
I 
I 
I 
I 

/;d 

I 
I 
I 

6 

/ 
/ 

/ 
/ 

, 
5 , I 

34.50 , 

70 

/ 

/ 
/ 

I'ã 
I 

/ / 
/ / 

/ 
/ 

35,00 , 

8Q 

i I 
15 20 
I i 

35.50 36.00 , , 
90 100 

• 

CalCI 

25 
36,50 37,00 

110 

Fig. 3 - Relation of calclum distrlbution to its ·oceanographic envlronment In the Atlantic water of! South Brazl1 No. 2. 
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Figures 2 and 3 illustrate the typical features 
of the vertical distribution of calcium observed in 
the off-shore stations_ Moreover, so as to obtain a 
probably defini te characteristic of the calcium dis­
tribution throughout the oceanic area, calcium con­
tents at defini te depths were interpolated on the 

charts of vertical distributÍ-ons of calcium in the five 
stations 64, 65, 67, 69 a.nd 71 (Table · IV). · These 
interpolated estimates were plotted in Figure 4, illus­
trating a probable aspect of the vertical distribution 
of calcium in the present area. 

T ABLE IV - Probable distribution of calcium in the Southern Atlantic water off South Brazil, as inter­
polated at definite depths 

(I) CaIclum content (mg/kg): 

I OBSERVED STATIONS 

Depth (m) Average 

St. 64 I St. 65 

I 
St. 67 

I 
St. 69 St. 71 

O 552 436 .430 441 439 440 ± 2.4 
10 426 420 420 447 442 431 ± 2.8 
25 136 430 436 444 428 435 ± 1.9 
50 438 435 437 433 434 436 ± 0.7 
75 438 439 431 441 424 435 ± 2.1 

100 435 439 435 435 429 435 ± 1 .2 
150 435 442 431 434 422 433 ± 2.2 
200 446 441 425 441 421 435 ± 1.0 
300 437 441 421 436 424 432 ± 2.6 
400 423 441 423 428 428 428 ± 2.2 
500 416 437 417 417 428 423 ± 2.4 
600 430 429 410 413 422 421 ± 2.7 
700 - - 407 - 413 (410) 

(11) Ca/CI (X 10-3 ) : 

OBSERVED STATIONS 

I 
Depth (m) Average 

st. 64 

I 
St. 65 

I 
St. 67 

I 
St. 69 

I 
St. 71 

O 22.24 21.27 21.05 
10 21.00 20.60 · 20.57 
25 21.38 21.05 21.40 
50 21.45 21.20 21.40 
75 21.55 21.55 21.18 

100 21.46 . 21.46 - 21.42 
150 21.52 21.46 21.40 
200 22.28 21.90 21.27 
300 22.22 22.40 21.42 
400 21.88 22.55 21.68 
500 21.75 22.50 21.45 
600 22.30 22.45 21.22 
700 - - 21.42 

As illustrated in Figure 4 the curve of calcium 
distribution comprises two characterlstic portions, the 
upper part from the surface to a depth of 200 m 
which shows a lower ratio of Ca/CI than the other, 
the lower part~ This feature of the calcium dis­
tribution demonstrates a reasonable analogy to its 
corresponding oceanographic conditions. That is to 
say, ·the water of the Brazil Current, or the surface 
layer of the Central Water, has a lower value (near 
to 21.4 X 10..3) in Ca/ CI than does the portion of 
the protopheric water underneath, with a value of 
22.1 X 10-3 in Ca/CI. An interesting discontinuity­
layer is found at the depth of 200 m when geo­
chemical and hydrodynamical characters of this area 
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21.70 21.55 21.56 ± 0.14 
22.05 21.67 21.18 ± 0.20 
21.90 21.35 21.42 ± 0.09 
21.28 21.46 21.36 ± 0.03 
21.70 20.90 21.38 ± 0.10 
21.50 21.55 21.48 ± 0.07 
21.55 21.46 21.48 ± 0.02 
22.09 21.50 21.72 ± 0.14 
22.25 21.75 22.01 ± 0.12 
21.95 22.24 22.06 ± 0.10 
21.62 22.25 21.91 ± 0.35 
21.60 22.05 21.92 ± 0.15 

- 21.75 (21.58) . 

of the South Atlantic are taken into consideratioil. 
This geochemical analogy demonstrates how it is pos­
sible to use the Ca/CI factor of the water as an 
appreciable index for distinguishing between different 
water masses in a certain area. The compara tive 
abundance of calcium in the subsurface layer (at 
200-650 m depth) of the Central Water may be 
affected by an effective admixture at the region of 
the Subtropical Convergence between the less cal­
careous water of the Brazil Current and the Southern 
Cold Water rich in calcium contento Thus, such a 
geochemical study may give a significant proof of 
DEFANT'S definition concerning the hydrodynamical 
motion of the upper water of the Southern Atlantic 
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Oceano Further, the remarkable depression of CajCI, 
observed in the water of the Brazil Current can be 
connected to a great extent with the following hydro. 
graphical conditions. 

The Benguela Current, which is the most out· 
standing current in the Southern Atlantic, proceeds 
northwards along the western coast of Africa. Uno 
der the influence of the prevailing southerly and 
southwesterly winds the surface layers are carried 
away from the coast, and upwelling of water from 
moderate depths takes place during most seasons of 
the year. As a consequence of this upwelling a 
fair amount of calcium is brought to the upper 
layer from a moderate depth. Proceeding towards 
the Equator, the Benguela Current graduaIly moves 
away from the coast and continues as the northern 
portion of the South Equatorial Current, from which 
a southern flowing current branches off and moves 
along t~e South American coast. It forms a tongue 
of water of high temperature and high salinity, the 
Brazil Current. 

As pointed out by REVELLE (1934), the increase 
in salinity and temperature and the decrease of the 
partial pressure of carbon di oxide, observed in the 
surface water, seems to favor the precipitation ·of 
calcium carbonate. The salinity effect (WATTEN. 
BERG, 1939) is relatively small, and thus, areas of 
high or rising temperature will be those where pre· 
cipitatiop of calcium carbonate is most likely to 
occur. The active photosynthesis by phytoplankton 
will also promote the precipitation because of its 
great consumption of carbon dioxide. . Thus, the 
water which left the western coast of Africa moves 
under strong solar radiation in the equatorial region. 
Accordingly a high elevation of the water temperature 
causes quite a decrease in the solubility of calcium 
carbonate and induces an appreciable precipitation 
of calcite. Microcrystalls of calcite will be suspended 
in colloidal state in the water and will tend to ac· 
cumulate at a boundary zone where the region of 
contact between two different water masses occurs. 
Ov~r this discontinuous . layer, Jhe deviation of the 
hydrodynamical density between the contacting wa· 
ters tends to alter the sedimentation velocity of the 
suspended partides such as the calcite microcrystalls. 
As illustrated in Figure 2, several maxima peaks 
of the CajCI factor demonstrate the characteristic 
accumulation of suspended calcite partides, as men· 
tioned above, at the discontinuity layers. A similar 
aspect of the physical accumulation of colloidal ma· 
terials, over a discontinuity layer, such as a thermo· 
dyne, for example, has also been · observed in the 
Bering water, in the Northern Pacific, by the 
chemical determination of pa.rticulate iron and the 
optical measurement of the intensity of the photo. 
scattering in the water (KATO, 1956). 

A relatively low haline water of approximately 
34.5 0/ 00, as observed over a narrow shelf of the 
Brazilian coast, may suffer the influence of some 
kind of upwelling from a moderate depth considero 
ing the analogy of the salinities in both layers the sur· 
face and the deeper one · (EMILSSON, private informo 
ation). The upwelling is difficult to prove merely 
by means of a dynamical examination, but an 
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examination of the calcium content of the water 
may contribute to solve this problem. Namely, in 
both waters of the shelf and of moderate depth an 
analogous high value of the CajCI factor was ob· 
served. This analogy suggests an intima te relation 
between these layers from the oceanographical point 
of view. It is also true, in general that a terrigenous 
supply of calcareous land·water to the coastal sea 
water tends to increase the calcium quantity in the 
latter. However, in the southern Brazilian coast, 
admixture of land water to the coastal sea water 
can not contribute to the inérease in calcium quantity 
in the latter because the land water in Brazil is very 
poor in calcium (KLEEREKOPER 1944; KATO 1966a, 
b) . Consequently a high estimate of CajCI observed 
in the shelf water supports the explanation that a 
characteristic upwelling occurs from a subsurface 
layer off the southern Brazilian coast. 

The amount of calcium in the sea water has 
also a dose relation to the actual distribution of 
organisms and the chemical composition of their 
skeletons (VINOGRADOV, 1953). The tropical part of 
the ocean, with a high temperature and a low partial 
pressure of carbon dioxide, is saturated or super· 
saturated with calcium carbonate, especially in the 
upper layers. As a rule, there is a relation between 
the distribution of organisms and the calcium car­
bonate, not only for a remarkable concentration of 
organisms as the coral formations, but for alI in­
vertebrates with calcareous skeletons. Consequently, 
a slight divergence in the actual concentration of 
calcium in sea water has influence on ·the develop­
ment of marine organisms. The direct use of calcium 
by calcareous !nvertebrates and the pronounced lower· 
ing of the partial pressure of CO2 due to active 
photosynthesis of the phytoplankton tends to diminish 
the quantity of calcium in the water of the euphotic 
zone. 

A distinct minimum of calcium content is ob· 
served (Fig. 3) in the subsurface layer at the depth 
of about 50 m, in which the saturation percentage 
of dissolved oxygen in the water indicates an ex· 
tremely low value near to 70% . This coincidence 
between the values may demonstrate that an active 
development of organisms in the zone induces are· 
markable demand of calcium as well as a respiratory 
consumption of dissolved oxygen. The distribution 
of calcium as mentioned above is noteworthy as it 
demonstrates a dose correlationship between living 
beings and their biochemical environment. 

RESUMO 

Foi estudada, quimicamente, sob o ponto·de·vista 
oceanográfico, a distribuição regional do cálcio em 
águas atlânticas do sul do Brasil, por meio de aná­
lises do conteúdo de cálcio de 78 amostras de água 
coletadas ao largo da costa do Estado de São Paulo. 
Empregou-se, nessas análises, a titulação complexo­
métrica com reagente EDT A, obtendo·se resultados 
satisfatórios. 

O conteúdo de cálcio nas águas da área em ques­
tão está em relação quase direta com a clorinidade, 
sendo de 21,56 X 10-3 o cálculo de Cai eI. Foi 
concedida uma margem para o estrôncio incluído no 
cálculo do cálcio. O cálculo de Ca/ Cl mencionado 
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acima é quase o mesmo do apresentado por outros 
pesquisadores e o fator Ca/Cl das águas do Atlân­
tico parece mais baixo do que o das águas do Pa­
cifico. 

É interessante notar que a distribuição do cálcio 
na água demonstrou uma estreita correlação com as 
condições oceanográficas da área em questão. Isto 
significa que a água de superfície da corrente do 
Brasil apresenta um valor de Ca/Cl relativamente 
baixo, 21,4 X 10-3 , comparando-se com o das águas 
intermediárias, 22,0 X 10-3 ou mais. Uma correla­
ção tão estreita entre êles indica que, certamente, o 
fator Ca/CI pode ser uma solução apreciável para 
distinguir as diferentes massas de água de uma de­
terminada área. 

Na estação oceânica (St. 69) observou-se uma 
zona caracteristicamente "de mínima" em conteúdo 
de cálcio, na camada logo abaixo da superfície, apro­
ximadamente a 50 m de profundidade. Essa · zona 
"de mínima'" poderia ser atribuída a uma propaga­
ção intensa de populações de zooplâncton, cuja res­
piração ativa produziu um consumo considerável de 
oxigênio dissolvido, ou seja, 70% em grau de satura­
ção nas águas dessa zona. 

l!:sse aspecto da distribuição do cálcio constitui­
rá fator digno de nota para se demonstrar a íntima 
correlação existente entre os organismos consumido­
res de ·cálcio e as suas condições bioquímicas e eco­
lógicas. 
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