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Abstract

The geochemical balance and cycles of P, Si and N in the oceans are
discussed taking the following items into consideration : concentration in
sea water of each nutrient matter in oxidative, preformed and organic
form, input from rivers, biological production and decomposition, de-
position to the sea bottom and transfer between the surface and deep
layers.

Results show that the remarkable difference in concentrations in
nutrient matters between the Pacific-Indian and the Atlantic Ocean is
mainly due to difference in the residence time of waters in deep layer in
each ocean.

" The residence time of deep water which is estimated on the basis of
the geochemical cycles of nutrient matters is 160~270y and 90~130y
respectively for the Pacific-Indian and the Atlantic,

To compare the biological activities on nutrient matter, a new concept,
Biological Activity Index, g is introduced.

p= Biological decomposition . Content in the euphotic zone
Input ’ Biological up-take

In the oceanic environments, 8 is estimated to be 0.015 for C, 60
for Si, 180 for P and the highest value of about 330 for N.

1. The cycle of nutrient matter in the oceans

The distribution of nutrient matters in the oceans is complicated both in the
horizontal and vertical directions. Generally, the concentration of nutrients in sea
water is higher at the higher latitudes, as well as in the deep layer. It is also
known that, nutrient concentration is much higher in the Indo-Pacific¢ Ocean than in
the Atlantic.

Table 1 shows the phosphorus content in the Indo-Pacific and the Atlantic Ocean,
The average concentration of the inorganic phosphorus is 2.5 #g atom/1 in the Indo-
Pacific while in the Atlantic it is only 1.7 #g atom/l. It is to be noticed that the
concentration of preformed phosphorus is the same in both oceans (1.2pg atom/1).

* Presented at the 2nd International Oceanographic Congress, 1966, Moséow, USSR.
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Table 1. Phosphorus content in Indo-Pacific and Atlantic Oceans -
(#g atom/1)
Indo-Pacific Atlantic
Inorganic 2.5 (surface 0.5) 1.7 (surface 0. 3)
Oxidative 1.3 0.5
Preformed 1.2 1.2
Organic 0.5 0.3
Total 3.0 2.0

Table 2. Silicon content in Indo-Pacific and Atlantic Oceans

(#g atom/1)

Indo-Pacific

Atlantic

Inorganic
Oxidative
Preformed

110 (surface 10)
40
70

35 (surface 3) 7
15
20

Table 2 shows the concentration of silicon_ in the Indo-Pacific and Atlantic Oceans.
The difference in Si concentration is remarkable between the Indo-Pacific and the

Atlantic.

between the two oceans.

In the Indo-Pacific, it is 110 #g atom/l on an average, while it is only
35 pg atom/1 in the Atlantic.

The content of preformed silicon is also much different

To explain the difference in concentration of nutrients in different oceans, the
cycle of nutrient matters is considered.

Table 3. Cycle of phosphorus and silicon in the sea (ug atom/cm?, y)

Indo-Pacific Atlantic
P Si P Si
Primary production 6 180 6 180
Deposition 0.03 4 0.15 20
River 0.03 4 0.15 20

Table 3 shows the cycles of nutrients in the oceans. Primary production re-

presents the rate of change of inorganic nutrients into organic form.
that the mean rate of organic production is 8 mg C/cm? y in both oceans.

It is assumed
Corre-

sponding values for phosphorus and silicon are respectively 6 zg atom and 180 xg

atom/cm?, y.

The deposition rates of phosphorus and silicon are calculated by using the average
contents in marine sediments, and assumed deposition rates of bottom sediments of

2mm/10®y and 10 mm/10® y respectively in the Indo-Pacific and the Atlantic.

The

rate of discharge from river waters is estimated by average contents of the elements
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Fig. 1. Cycle of nutrients in the oceans.

in river waters and the mean rate of discharge of river water of 8 ml/cm? vy in the
oceans. It is also assumed that the relative amount of discharge of river waters is
larger in the Atlantic than in the Indo-Pacific. As shown in Table 3, for both
elements, deposition and discharge from rivers compensate for each other and the
biological effect is exceedingly higher than others effects.

Fig. 1 shows a simple scheme of the cycle of nutrients in the oceans. The
world ocean is simply divided into two, the Indo-Pacific and the Atlantic. In the
vertical direction, only the surface and deep layers are considered. - A is the content
of a nutrient (g atom/cm?), w is the amount of water (g/cm?), and ¢ is the con-
centration of nutrient (#g atom/1). L is the rate of discharge of nutrients from the
land (pg atom/cm?y). D is the rate of deposition of nutrients to sea-floor (ug
atom/cm? y), p is the primary production rate of nutrient (ug atom/cm? y) and f is
the regeneration factor of nutrients in the euphotic zone. p(1—f) means the rate
of transfer of organic nutrients from surface to deep layer which return to inorganic
form in the latter. % is the rate of transfer of water between the two layers
(g/cm?, y). The numerical figures 1 and 2 denote respectively the surface and the
deep layer and a prime indicates the Atlantic Ocean.

In this simple model, only the transfer of nutrients in the vertical direction is
considered for first approximation, because the lateral transfer of water between
the Indo-Pacific and the Atlantic takes place through the Antarctic Ocean in which
there is little gradient in nutrient concentration in the latitudinal direction.

At the steady state, the amount of a nutrient A, is expressed as follows:
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k2A2+p(1"‘f)—'D :
ko

A1= (1)
f is the regeneration factor which is assumed to be 0.2 to 0.3. In- addition, there
are relations between A;, w, and ¢, or A,, w, and ¢, as given in equations (2) and

(3). There is also an equation for the conservation of water in the vertical transfer
(Eq. 4).

kA =kuwc, ) - (2)
kyAy=kstw,C, ' : 3
klwl =k2u)2 (4)

From the above equations, equation (5) can be deduced:

_(—fp~D

01”02 kw
22

(5)
Here, ¢,—c, represents the difference in concentration of a nutrient between the
deep layer and the surface layer. Similar equations to the above hold for the
Atlantic.

By putting the observed or assumed values in the equations, %, and %k, can be
calculated. The reciprocals of &, and %, are ¢, and ¢, which are the residence time
of water respectively in the deep and the surface layer in the Indo-Pacific Ocean.
In the same way, ¢,” and z,” in the Atlantic can be calculated.

The results are given in Table 4. The estimated residence time of water in the
surface layer in the Indo-Pacific Ocean is 4 to 5 years by using the phosphorus
and 6—7 years by the silicon cycle. The corresponding values in the Atlantic are a
little smaller than those in the Indo-Pacific which are respectively 3 years and 2.5
years.

The residence time in the deep layer in the Indo-Pacific is 160~250 years from
the phosphorus cycle and 230 to 270 years from the silicon cycle. The residence
time in the Atlantic is 90~130 years.

Table 4. Residence time of water in surface and deep layers in the
oceans (years)

Surface ‘ Deep
‘Indo-Pacific 4—5 (P) 160—200 (P)
6—7 (Si) 230270 (Si)
Atlantic 3-3.3 (P) 120~130 (P)
' 2.3—2.6 (Si) 90—100 (Si)

It is of interest to note that, from the above equations, the following approximate
equation can be deduced:

Cx/cl,:"Tl/‘l;{ . ()]
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- The concentration of nutrient in the oceans is controlled mainly by two factors,
organic production rate and vertical exchange rate of water. Since the mean organic
production rate is nearly the same in both oceans, the concentration depends on the
exchange rate of water between the surface and the deep layer or its reciprocal, the
residence time. As a result, the ratio of concentration of nutrient in deep layers in
the two oceans is approximately equal to the ratio of residence time.

2. Biogeochemical balance of inorganic nutrients in the ocean

The biogeochemical balance of inorganic nutrients in the ocean can be expressed
generally as follows:

L4+B+E=D+P+4S, )

where L is the rate of supply from the land through rivers, B is the rate of supply
through the decomposition of organic matter, £ is the rate of entry from the air.
On the right side of the equation, D is the deposition rate, assuming 5mm/10®y of
sedimentation rate. P is the organic production rate and S is the escape rate to the
air. Among them, B and P should be equal when the oceans-as a whole are in a
steady state with respect to living matters. ‘ ‘

The estimated values of the above terms in equation (7) and the contents («) of
various nutrients in the euphotic zone are given in Table 5.

Table 5. Cycle of nutrients in the world oceans (ug atom/cm?, y)

Primary | S
: urface
- R . ) o ai Pmdg?wn o N <<: o ng en;.
ement iver rom air o0 air : . eposition 100 m
blg};é%;cal pg atom/cm?
L E S P or B D a
C 20 1, 500 1,500 670 2 20, 000
Si 5 0 0 180 5 100
P 0.04 0 0 6 0.04 5
N 0.3 0.7 1 100 0.04 30
~ (rain) (ammonia)

In order to compare the effect of hiological activity on the nutrient in the ocean,
the following equation is proposed, in which § is called the biological activity index
of a nutrient element.

_ Biological decomposition . content in the euphotic zone

== Input Biological up-take (8)

The meaning of f is as follows. The greater the ratio of biological decomposition
rate to the input rate from land and atmosphere, the greater is the biological effect
on the nutrient. On the other hand, the biological effect is greater when the ratio
of content of the element in the euphotic zone to the biological up-take rate is
smaller and wvice versa. The combination of the above two makes the biological
‘activity index B.
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The results of calculation of 8 for the oceans as a whole are shown in Table 6.
As shown in the table the nutrient with the highest value of j is nitrogen and the
second is phosphorus.

Table 6. Biological activity index of nutrients.

Element ' B
o] . 0. 015
N , 330
Si 60
P 180
B DR EREOHBLFHINE
=R - EEET

WEFDY v, A B I CEROMBMILENRT VA 74 E2ROTERDEERL TR 5., T/ib
b, TRNENORBEWEOHMLN, BFESICERECDIODRE, M1 bORAR, AM¥ENEEL
5, BE~OUWERSICEBLEBKOMEBTYERT S, TOBRIZ, KFH -1V FELRERD
SEYWEBEEOREVERR, TRZhOBOKOHENNOECL LS ZLBALDING,

RYE OHIERILER S 1 2 VIC D &S THE XN DEE KO BRI, KBE - 1 v FETH 160
EnD 270 4, KFEZETIE 90 £ B 130 SE2 705,

SEMBCHT HEWEBOEARLKT B D CEMEHEA VT v 72 B) L0I3FLLWELE
ALK,

ﬁ=%+w
WAE AW X HENE

BHCEW TR, EVEBES v Ty 224 (B) B, KRRICDWTO.015 7 ARICDOWT 60, Y vicD

WC 180, ERTHEBRESMED 330 &7 B,



