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1. INTRODUCTION

Biogenic salts, i.e., inorganic salts of nitrogen, phosphorus and silicon, 
are the com pounds essential for the productiv ity  of a m arine ecosystem. 
A dequate am ounts and appropriate  m utual proportions of these salts 
form  the basis for the developm ent of life in the sea. Intensive increase 
in p rim ary  production can lead to loss of balance in biogenic salt con­
centrations and frequen tly  to their to tal depletion [8], The concentration 
of nu trien ts in the  photic layer of the  ocean depends on the in tensity  of 
p rim ary  production, as well as the possibility of transport of the salts 
from  deeper layers. The euphotic layer of the ocean contains soluble 
salts of phosphorus, n itrogen  and silicon w ith in  the  concentration range 
of several m icrogram -atom s of the basic elem ent per cubic decim eter. 
Phosphorus can partic ipa te  in the process of photosynthesis in the  form  
of dissolved orthophosphates or com plex ions containing m agnesium  and 
calcium  [7], Suspended form s of phosphorus-containing organic com­
pounds do not take p a rt in  photosynthesis directly . Of the nitrogen com­
pounds, nitrates, n itrite s  and am m onia salts and, to a sm all extent, sim ­
ple amino acids and u rea  are biochem ically active [2, 6]. A sm all am ount 
of nitrogen can be in troduced  to th e  m arine environm ent d irectly  from  
the  atm osphere by some algae (blue-green algae).

The th ird  group of biogenic salts consists of dissolved silicon compo­
unds. Silicon occurs in sea w ater m ainly  as ^  w eak orthosilicic acid 
Si(OH)4 [3]. The m ajo rity  of silicon compounds is assim ilated by the  dia-



toms, thus being converted  from  the  dissolved form  to sparingly  soluble 
suspensions and fu rth e r  to precipitates.

A characteristic  of the  region in w hich investigations w ere carried  
out in  M ay 1978 was the  h igher contents of biogenic salts as w ell as the 
w ider range of th e ir  concentrations th an  the  data  published in lite ra tu re  
suggested. Exem plary  concentration d istribu tion  of individual n u trien ts  
in sea w ater w ith  respect to tem pera tu re  and sa lin ity  according to 
J. L. Reid e t al. [6] is shown in Fig. 1. D ata for th is diagram  w ere collec­
ted  in  the  A rgentine Basin.
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Fig. 1. Vertical distribution of hydrophysical and hydrochem ical elements at sta­
tion No. 50 (Cato Expedition, [6]).
Rys. 1. Pionowe rozmieszczenie elem entów hydrofizycznych i hydrochemicznych na 
stacji nr 50 (ekspedycja Cato, [6]).

2. EXPERIM ENTAL

The data  presented  below w ere collected in M ay 1978 in the  A rgentine 
Basin (southw estern  A tlantic  Ocean) a t the  oceanographic stations lo­
cated as shown in Fig. *2. The following w ere determ ined  at each of 46 
stations:



Fig. 2. Location of oceanograiphic stations.
Rys. 2. Rozmieszczenie stacji oceanograficznych.

— dissolved oxygen content in w ater by the W inkler method,
— phosphates by the  M urphy-R iley  m ethod,
— n itra tes  by the M orris-R iley m ethod, m odified by Grasshoff,
— n itrites  by the  Bendschneider-Robinson m ethod,
— silicates by the  M ullin-R iley „b lue” m ethod.
Calculations w ere carried  out on an ELLIOT 905 com puter. Sam ples 

w ere collected using a BERGEN NAUTIK type Nansen flask a t standard  
levels down to 2000 m, excluding the  surface layer down to 200 m. In 
the  la tte r  case, the  m easuring levels w ere determ ined  following the ana­
lysis of BT records.



3. RESULTS AND DISCUSSION

O x y g e n .  The cool and less saline w aters  of the  Falk land  C urren t con­
tained m ore oxygen than  the  w arm er and m ore saline W aters of the

Fig. 3. Oxygen content in the surface layer. May 1978.
Rys. 3. Zawartość tlenu w warstwie powierzchniowej. Maj 1978,



Brazil C urren t (Fig. 3). The levelling effect of m eteorological conditions, 
atm ospheric oxygen, insolation etc., rendered  the  differences in oxygen 
saturation  betw een n o rthe rn  and southern  surface w aters insignificant 
and the  fron ta l zone indistinct. The oxygen content was sim ilar th rough

Fig. 4. Oxygen content at the 200 m level. May 1978. 
Rys. 4. Zawartość tlenu na poziomie 200 m. Maj 1978.



Fig. 5. Vertical distribution of oxygen concentration [ml 0 2/ l ] ,  profile 1 (45° S). May- 
1978.
Rys. 5. Pionowy rozkład stężeń tlenu [ml 0 2/ l ] ,  profil 1 (45° S). Maj 1-978.

out the  whole area and varied  from  97 to 103%. The oxygen content 
in the  surface layer down to 200 m did not change significantly. A t 
a depth  of 200 m the range of w aters  of the  F alk land  and Brazil 
C urren ts as w ell as th a t of the  fron ta l zone w ere d istinctly  m arked 
(Fig. 4). The p a tte rn  of isooxygens, w ith  w ell-developed grad ien ts a t the 
junction of w aters from  the  n o rth  and south, defines the  fron ta l zone 
at this depth  precisely. N orth of the  fron ta l zone the  oxygen conten t at
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Fig. 6. Vertical distribution oxygen concentration [ml 0 2/ l ] ,  profile 5 (35° S). May 
1978.
Rys. 6. Pionowy rozkład stężeń tlenu [ml 0 2/l] ,  profil 5 (35° S). Maj 1978.

the  200 m level was uniform  and am ounted to ca. 5.0 m l 0 2/ l ,  w hereas 
the  southern  p a rt contained m ore oxygen — ca. 6.75 m l 0 2/ l ,  a t a sa tu ra ­
tion ranging from  82 to 90'Vci. The subsurface oxygen m inim um  occurred 
at the pycnocline boundary, .below the  m ixing layer. This was probably 
caused by increased consum ption of oxygen in the processes of decompo­
sition of organic m atte r (Figs. 5, 6, 7). The oxygen m axim um  associa-
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Pig. 7. Vertical distribution of oxygen concentration [ml 0 2/ l ]  profile 6 (ica. 48° W). 
May 1978.
Rys. 7. Pionowy rozkład stężeń tlenu [ml O2 /I ] , profil 6 (ok. 48° W). Maj 1978.

ted  w ith  the  A ntarctic  In term ed ia te  W ater mass (AAIW) occurred to  the 
no rth  of the  fron ta l zone, a t a depth  from  400 to 800 m. In the  w aters 
of the  Falk land  C urren t, i.e. in the south-w est p a rt of the  region inve­
stigated, the  m axim um  occurred at a depth  of ca. 200 m. Shallow ing 
of the  A ntarctic  In term edia te  W ater should be a ttrib u ted  to the  upw el- 
ling of w ater in a cyclonic gyre [5]. The second (after the  surface) oxy­
gen m inim um  occurred a t a dep th  of ca. 1200 to  1500 m and was asso­
ciated w ith  the  mass of the  C ircum polar W ater (CPW) flow ing from  the 
Pacific p a rt  of the  S ou thern  Ocean th rough  the  D rake Passage. Below 
th is the  oxygen content increased by about 0.5 m l 0 2/ l  [5]. The increase 
of oxygen content observed at 2000 m w as p robably  connected w ith  
m ass of the  U pper N orth  A tlantic Deep W ater (UNADW).



Fig. 8. Contents of nitrites and nitrates in the surface layer. May 1978.
Rys. 8. Zawartość azotynów i  azotanów w  warstwie powierzchniowej. Maj 1978.



Fig. 9. Contents of phosphates and silicates in the surface layer. May 1978.
Rys. 9. Zawartość fosforanów i krzemianów w  warstwie powierzchniowej. Maj 1978.
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Fig. 10. Vertical distribution of nitrates concentrations t^gat/1], profile 1 (45° S). 
May 1978.
Rys. 10. Klonowe rozmieszczenie stężeń azotanów [jj.gat/1], profil 1 (45° S). Maj 1978.

12 — Oceanologia Nr 14



100 kms

Fig. 11. Vertical distribution of nitrates concentrations [ugat N N O 3 / I ] ,  profile 5 
(35° S). May 1978.
Rys. 11. Pionowe rozmieszczenie st^zen azotan6w [[xgat N N O 3 / I ] ,  profil 5 (35° S). 
Maj 1978.

N i t r o g e n .  The contents of n itrogen-contain ing  salts in the  surface 
layer varied  over a v e ry  w ide range, from  alm ost com plete depletion to 
nearly  11 [xgat N /  1 in the  case of n itra te s  (Fig. 8a) and from  zero to 
alm ost 0.4 .̂igat N / l  in the  case of n itrite s  (Fig. 8b). In vertica l d istri­
bution, the  contents of n itra te s  increased 'with dep th  to 30 (igat N / l  in 
the  n o rth e rn  p a rt of the  area  investigated  and to  35 [igat N / l  in  the 
south-east (Figs. 10, 11). The conten ts of n itrite s  in the  active layer of 
the  ocean was of the  order of ten th s  of ¡xgat/1 down to the  pycnocline, 
and decreased to zero below the  density  jum p in the  m ajo rity  of cases.



P h o s p h o r u s .  The surface layer contained phosphorus com pounds in  
concentrations ranging  from  below the  detection lim it to 1.0 jigat P / 1, 
the  occurrence of the h ighest concentrations coinciding roughly  w ith  
those of n itra te s  (Fig. 9a). The contents of phosphates increased s tea­
dily w ith  depth, reaching concentrations of the  order of 2.5 to 2.75 
Ugat P /1  in the  1500— 2000 m layer (Figs. 12, 13, 14).

100 kms

Fig. 12. Verticail distribution of phosphates concentrations tugat/'l], profile 1 (45° S). 
May 1978.
Rys. 12. Pionowe rozmieszczenie stężeń fosforanów [[¿gat/l], profil 1 (45° S). Maj 1978.
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Fig. 13. Vertical distribution of phosphates concentrations [ngat P /1 ], profile 5 
(35® S ). May 1978>
Rys. 13. Pionowe rozmieszczenie stężeń fosforanów [ngat P / l ] ,  profil 5 (35° S). 
Maj 1978.
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Fig. 14. Vertical distribution of phosphates concentrations [jigat/1], profile 6 (ca. 
48» W). May 1978.
Rys. 14. Pionowe rozmieszczenie stężeń fosforanów [a g a t/l], profil 6 (ok. 48° W). 
Maj 1978.



S i l i c o n .  The concentration d istribution of silicates in the  surface la­
yer d iffered som ew hat from  th a t of phosphates and n itra tes. The values 
of h igher concentrations in term ixed  w ith  low er ones from  an irregu lar 
p a tte rn  ranging from  0.49 to 3.89 ^igat S i/1  (Fig. 9B). In vertica l d istri­
bution, silicates exhibited  a high degree of stratification , increasing stea­
d ily  w ith  depth  and reaching the concentrations of the  order of 50 figat 
S i/1  in the n o rth  and 70 jigat S i7! in the  sou th-w est (Figs. 15, 16, 17).

100 knns

Fig. 15. Vertical distribution of silicates concentrations [^gat/1], profile 1 (45° S). 
May 1978.
Rys. 15. Pionowe rozmieszczenie stężeń krzemianów, [¡xgat/1], profil 1 (45° S). 
Maj 1978.



Fig. 16. Vertical distribution of silicates concentrations [u,gat Si / l ] ,  profile 5 (35° S). 
May 1978.
Rys. 16. Pionowe rozmieszczenie stężeń krzemianów [¡xgat S i / l ] ,  profil 5 (35° S). 
Maj 1978.

\
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Fig. 17. Vertical distribution of silicates concentrations [^gat/1], profile 6 (ca. 48° W). 
May 1978.
Rys. 17. Pinnowe rozmieszczenie stężeń krzemianów [[igat/l], profil 6 (ok. 48° W). 
Maj 1978.

4. CONCLUSIONS

The surface layer bounded from  below by  a sharp  pycnocline was di­
s tinc tly  deficient in biogenic salts, and Was also th ere  th a t a quasi-gra­
d ien t of concentration of all biogenic salts w as form ed. This was re la ted  
to im peded vertica l m ixing th rough  the  pycnocline and hence to red u ­
ced tran sp o rt of salts from  the  deeper layers of the  ocean. A t the  points 
w here  the  pycnocline was diffused, the concentrations of n u trie n ts  increa­
sed stead ily  w ith  depth  down to the  m easurem ent lim it (2000 m) w ith  the 
exception of n itrites, the  presence of w hich w as occasionally observed 
below  the  pycnocline.

The regions of m axim um  concentrations of phosphates and n itra tes



coincided w ith  those of th e  occurrence of cyclonic gyres bringing fertile  
deep w aters to the  surface in the  fron ta l zone [5].

W eighted average contents of biogenic salts (¡xgat/1):

E lem ent Brazil C urren t Falk land  C urren t F ron ta l zone L ayer (m):

Si 1.0 — 1.5 2.4 — 3.6 1.2 —  1.7 0— 50
1.0 — 1.8 3.9 — 4.9 1.1 — 3.5 0— 100

p 0.27— 0.33 1.08— 1.45 0.57— 0.58 0— 50
0.27— 0.42 1.29— 1.45 0.58—  0.75 0— 100

N-NO3 1.1 — 1.6 5.5 — 8.8 2.9 —  7.8 0— 50
2.6 — 2.8 6.6 — 9.3 2.9 — 10.8 0— 100

The analysis of the  experim ental data  confirm s the  conclusion th a t 
the w aters carried  by th e  F alk land  C urren t are considerably richer in 
n u trien ts  than  those of th e  B razil C urren t, w hereas the  fron ta l zone 
constitu tes the  region of in term edia te  concentrations.

Bogusław SZ PIGANOWICZ
Morski Instytut Rybacki 
Zakład Oceanografii w  Gdyni

ZAWARTOŚĆ TLENU I SUBSTANCJI BIOGENICZNYCH W STRE­
FIE FRONTALNEJ PRĄDÓW BRAZYLIJSKIEGO I FALKLANDZ- 
KIEGO

Streszczenie

Opracowanie zawiera krótki opis dystrybucji soli biogenicznych w  zachodniej części 
Basenu Argentyńskiego do głębokości 2000 m z podkreśleniem obszaru mieszania 
wód Prądu Brazylijskiego i Falklandzikiego.

Obserwowana ostra piknoklina utrudniała m ieszanie pionowe wód, stąd war­
stwa powierzchniowa była wyraźnie uboższa w  sole biogeniczne. Miejsca wystąpie­
nia ostrej piknokliny charakteryzowały się wyraźnym i gradientami stężeń, nato­
miast tam, gdzie .piknoklina była rozmyta, stężenia biog&iów wzrastały system a­
tycznie aż do granicy pomiaru, tj. 2000 m, z wyjątkiem  azotynów, których obecność 
pod piknokliną stwierdzona była sporadycznie. Obszary najwyższych stężeń fosfo­
ranów i azotanów pokrywają się z m iejscam i wystąpienia cyklonalnych wirów  
wynoszących żyzne wody głębinowe w  strefie frontalnej prądów.
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