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ABSTRACT

In anoxic basins the oxidation of organic matter has so far been represented taking
only the reduction of sulphate into consideration. Theoretical studies, however, show
that anaerobic bacteria reduces nitrate prior to the reduction of sulphate. Hence, in
representing the total redox reactants, the inclusion of ammonia gives a better represen-
tation of its relation to the total phosphate regeneration in stagnant basins. An attempt
is made to study the state of equilibrium of the inorganic nitrogen compounds from
measurements of the concentrations of nitrate-, nitrite-, and ammonia-nitrogen, using
the parameter pE. The systems NO; —NO, , NH} —~NO;, and NH} —NO, are applied
for calculations. Studies are made of the variations of the three redox pairs in oxidising
and in reducing environments. In narrow basins, under oxidising conditions, the system
NO; —NOj; is found to approach equilibrium values. From the proximity of the cal-

culated values to the equilibrium values the system NO; —NO; —NH} appears to

exist at least in partial equilibrium, if not in total equilibrium conditions, in marine
environments independent of the general equilibrium condition controlled by the system

H,- H+—-H,0.

Biochemical relationships

In anaerobic basins the oxidation of organic
matter has been represented by the following
stoichiometric relationships (Richards & Vac-
caro, 1956):

CH,0 +0,=2C0, +H,0
2CH,0 + 803~ =22C0, + 82~ +2H,0

and accordingly the total redox reactants have
been represented as equivalent to AQU® +482-,
where 482~ is the amount of S?~ reduced from

1 Paper presented at the XIVth. General As-
sembly of the International Association of Physical
Oceanography, Bern, 1967.

2 Part of the thesis accepted for the degree of
Filosofie Licentiat in Oceanography at Goteborgs
Universitet.

3 A.0.U. (apparent oxygen utilisation) = 2(0; —0,),
where O, is the observed concentration of oxygen
and O, the concentration of oxygen dissolved in the

water having the observed salinity and temperature
when in equilibrium with a water-saturated atmos-
phere (Redfield, 1942).

80}~, assuming that all Sz~ originates from
S0~ and that SO}~ is equivalent to four oxygen
atoms as oxidant. According to Mckinney &
Conway (1957) the oxygen requirement of the
anaerobic bacteria is provided by the selective
removal of oxygen according to the following
order of precedence:

0, >NO; >80 >C0;”

Assuming that all NH; originates from NOj
and that nitrate as oxidant is equivalent to four
oxygen atoms (NH{ +20,=NO; +2H+* +H,0)
the total redox reactants can better be repre-
sented as equivalent to AQU +4NH{ +482-. In
these calculations the possible presence of inter-
mediate products from the reductions of sul-
phate and nitrate as well as the hydrogen sul-
phide and ammonia which may originate di-
rectly from the decomposition of organie sulphur
and nitrogen compounds respectively, have not
been taken into account assuming the resulting
error to be probably small.

This relation has been applied to measure-
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ments from three stations in the Baltic (Gotland,
Landsort and Norrképing deeps) and the Bohus-
lin fjords (fjords of the northern part of the
Swedish west coast) (Fig. 1). Observations from
a section round the Black Sea and one on the
eastern North Atlantic from the Faroe Bank
Channel to the northern slopes of the Bay of
Biscay have also been considered for study.
The average values of all the parameters used
in the calculations are given in Table 1. Litera-
ture data (Richards & Benson, 1961) for am-
monia concentrations have been applied to the
calculations for the Cariaco Trench (Gulf of
Venezuela) and the Drammensfjord (Norway).
The equations for the linear least square regres-
sion lines, with and without taking into con-
sideration the ammonia concentrations, along
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with their coefficients of correlation, as cal-
culated, are given in Table 2.

These equations show some characteristics.
Taking the line for the eastern North Atlantic
as a standard for oceanic environments, it can
be seen from the values of the slopes that condi-
tions for phosphate regeneration are almost the
same in aerobic regions everywhere. The oxida-
tion to phosphate regeneration ratio, as cal-
culated from the equations, are 435, 305, 292,
191 and 246 for Gotland, Landsort, Norrképing
deeps, eastern North Atlantic and the Cariaco
Trench respectively. The corresponding values
of the ratios without considering the contribu-
tion from ammonia are 476, 295, 292, 181 and
235 respectively for the stations mentioned
above. It can be seen that, with the exception of
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Table 1. Average values of all parameters used in calculations®

Values given per ug atom/l

Gotland deep (Nov. 1864 to Aug. 1966) Landsort deep (Nov. 1964 to Aug. 19686)

Depth AOU PO!-P NO;-N NO,-N NH;-N AOU PO} -P NO;-N NO;-N NH;-N

0 31 0.13 0.46 0.15 4.96 —23 0.24 0.37 0.20 3.47

5 21 0.10 0.41 0.15 4.29 -34 0.22 0.55 0.17 3.77
10 40 0.12 0.52 0.16 4.06 -10 0.22 0.52 0.18 3.97
15 25 0.12 0.55 0.11 4.32 -7 0.27 0.51 0.18 3.05
20 59 0.12 0.58 0.12 4.12 15 0.28 0.51 0.15 2.81
30 52 0.16 0.59 0.15 2.95 29 0.32 0.56 0.16 1.02
40 81 0.17 0.77 0.10 2.76 71 0.39 0.84 0.17 0.80
50 76 0.21 0.96 0.25 3.79 113 0.56 0.92 0.20 0.89
60 140 0.38 1.02 0.17 3.48 312 1.04 1.89 0.17 1.83
70 440 1.03 2.64 0.08 2.56 529 1.86 2.55 0.14 1.03
80 645 1.65 3.21 0.10 2.17 662 2.48 3.63 0.11 1.65
90 672 1.71 5.04 0.08 1.64 710 2,72 4.82 0.14 1.04
100 626 1.51 5.46 0.08 1.88 719 2.64 5.67 0.11 1.25
125 627 1.67 5.93 0.07 1.75 723 2.63 5.75 0.15 1.42
150 659 2.33 5.69 0.07 1.63 710 2.64 5.68 0.11 1.30
175 668" 2.81 5.72 0.11 1.95 —_ —_ —_ — —
200 675 2.56 5.99 0.07 1.97 716 2.60 5.77 0.12 1.16
225 674 2.27 6.41 0.13 1.46 - — — — —
245 678° 2.62 6.03 0.16 1.20 — — — — —
300 — — — — —_ 704 2.51 5.71 0.10 1.09
400 — — —_ — — 709 249 5.66 0.13 1.02
440 —_— — —_ —_ — 714 2.49 4.93 0.13 0.99

Black Sea (July—August, 1965: Eastern North Atlantic (June—July, 1967:
average of 17 stations) average of 8 stations)

Depth AOU H,S PO"-PNO;-NNO;-NNH;-N AOU pH PO} -P NO;-N NO;-N NH;-N

0 8 0 0.11 0.41 0.07 2.56 46 815 0.11 3.29 0.17 3.00
10 2 0 0.11 0.52 0.21 3.25 23 820 0.30 2.78 0.12 5.42
20 18 0 0.11 0.51 0.18 2.30 — — — — —_ —
30 53 0 0.11 0.69 0.27 4.11 — — — — — —
50 81 0 0.21 0.52 0.50 2.68 9 8.19 0.32 4.41 0.23 5.61
75 312 0 0.82 2.09 0.24 1.78 — — — - — —
100 456 0 1.15 2.60 0.28 0.95 41 8.17 0.44 7.41 0.16 0.55
125 582 0 1.10 2.15 0.34 2.62 — — — — — —
150 610 7.3 2.63 0.87 0.35 5.23 45 8.16 0.76 7.12 0.11 0.93
200 634 43.0 4.56 0.62 0.26 11.46 48 8.16 0.70 8.35 0.03 5.67
250 645 82.4 4 87 048 0.22 17.98 —_ = — — — —
300 642 145.3 5.20 0.45 0.22 18.80 50 8.16 0.82 8.89 0.02 1.94
400 652 213.3 5.79 0.41 0.24 19.64 52 8.19 0.75 8.21 0.06 3.69
500 640 345.4 6.41 0 0.24 19.77 62 8.17 0.88 8.81 0.03 3.94
600 — — —_ — — — 88 8.16 0.82 9.57 0.02 3.75
700 — — — —_ _— — 108 8.15 1.04 9.96 0.14 2.19
750 637 468.0 7.15 0 0.47 21.18 — — — — — —_—
800 — — — — — — 146 8.15 1.02 11.19 0.07 2.00
1000 637 604.1 7.62 0 0.37 21.24 199 8.12 1.21 12.13 0.18 2.00
1100 —_ — — — —_ —_ 198 8.13 1.28 13.23 0.16 2.05
1200 — — — — —_ -_ 180 8.09 1.16 14.08 0.14 2.02
1250 637 631.3 7.84 0 0.44 22.11 — — — — — —
1500 636 643.3 8.04 0 0.53 22.04 137 8.09 1.37 11.07 0.16 2.10
1800 — — — —_ — — 140 8.12 1.33 12.53 0.19 0
2000 635 717.8 7.30 0 0.65 22.35 — — — — — —
2100 —_— — — — —_ — 148 8.12 1.44 13.28 0.23 0
2400 — — — —_ — — 136 8.12 1.54 12.23 0.19 0
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Norrkoping deep
(Nov. 1964 to Aug. 1966)

Bohuslén fjords (Dec. 1964
to Feb. 1965: average of 3 stations)

Depth AOU PO’ -P NO;-N NO;-N NH}-N Depth AOU H,S PO!"-P NO;-N NO;-N NH}-N

0 —28 0.21 0.24 0.09 3.25

5 59 0.23 0.34 0.11 3.13
10 -21 0.21 0.32 0.11 3.14
15 38 0.20 0.39 0.11 3.24
20 47 0.25 0.41 0.08 4.00
30 25 0.28 0.38 0.09 3.57
40 105 0.34 0.40 0.10 3.39
50 181 0.66 0.91 0.15 3.11
60 362 1.13 1.42 0.08 2.18
70 604 1.82 2.31 0.06 1.10
80 797 2.52 3.06 0.09 1.19
90 899 2.87 3.63 0.06 3.15
100 921 3.15 3.66 0.30 2.06
125 928 3.28 4.04 0.51 1.96
150 931 3.38 4.61 0.39 0.97
175 928 3.62 4.93 0.99 0.62

20 605 0.3 3.3 0 0 13.8
25 643 50.0 5.7 0 0 18.3
30 646 43.3 5.5 0 0 18.2
35 642 52.5 5.8 0 0 18.8
40 573 57.9 5.6 0 0 18.3
45 608 48.7 5.9 0 0 18.5
50 669 43.1 5.6 0 0 19.0
55 647 35.3 6.2 0 0 20.1

% Oxygen, phosphate and hydrogen sulphide values for the Baltic basins and the Bohuslén fjords have
been taken from the records of the Hydrographic Department of the Royal Fishery Board of Sweden.
Oxygen and phosphate values of the Black Sea stations have been taken from the cruise log of R.V. John
Elliott Pillsbury and hydrogen sulphide values from the same cruise have been kindly permitted to be used
for the article by Fil. lic. Stig Fonselius of the Fishery Board of Sweden.

> During August 1966 hydrogen sulphide was detected in the Gotland deep at depths of 175 and 245
metres and the concentrations were measured to be 4.2 and 5.3 ug at./l respectively. Simultaneously at these
two depths no nitrate, only a trace amount of nitrite and quite a high concentration of ammonia were
observed. The AOU values at those two depths were calculated as 788 and 805 ug at./l respectively. A de-
tailed explanation of this phenomenon has been given elsewhere (Sen Gupta, 1967).

the Gotland deep, the inclusion of ammonia
gives slightly higher values for the ratios. But,
in general, the inclusion of ammonia certainly
gives a better correlation between the different
parameters, particularly for the stagnant basins,
which can be seen from the coefficients of corre-
lation (Table 2). With the exception of the Got-
land deep all other values compare tolerably
well with the theoretical value of 276 {Richards
& Vaccaro, loc. cit.). The differences may be
said to be due to variations in local conditions.
The very high value at the Gotland deep has
been explained by Fonselius (1967) to be due
to the gradual overturning of the phosphate-
rich stagnant waters from the bottom and also
due to the effect of the higher ammonia con-
centrations at the surface layers (Table 1).
Another fact that emerges out of the equations
is that the phosphate concentration is not a
Uimiting factor for plant growth in marine
environments (positive values of the departures

Tellus XXI (1969), 2
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of the intercept in all the equations for aerobic
regions). That the inclusion of the ammonia
concentration is necessary to calculate the total
redox reactants and gives a better representa-
tion can be seen from the two equations for the
Cariaco Trench. The change in the sign of the
departure of the intercept is significant in as
much as it corroborrates the well-established
fact stated above.

Conditions in the upper aerobic layer and the
lower stagnant layer down to about 250 metres
both in the Gotland deep and the Black Sea
agree fairly well (Fig. 2). Values from the Dram-
mensfjord and the Bohuslin fjords also lie
within this range. This region for hydrogen sul-
phide production and phosphate regeneration
appears to be characteristic for basins where
stagnation is only & periodic phenomenon. This
layer of increase may be termed as a ‘“‘transition
layer” for permanent anoxic basins because of
the rapid increase of selective bacterial activity,
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Table 2. Total redox reactants in aerobic and anaerobic milieu

Linear least-square regression lines

1. Gotland deep (Baltic) and Black Sea
(i) Aerobic layer
(@) POI -P=0.0023 (AOU +4 NH{) +0.01 = 0.997
() PO =P =0.0021 AOU +0.06 7% =0.996
(ii) Stagnant layer
(@) PO{ -P=0.013 (AOU +4 NH{ +48"7)-6.62 #*=0.969
(») PO} -P=0.011 (AOU +48% ) -4.94 7*=0.9186
2. Black Sea (deeper stagnant layer)
(@) POI =P=0.00117 (AOU+4NH; +48°7)+3.85 »*=0.959
(b) PO —P =0.00118 (AOU +4 8°7) +3.92 ¥ =0.959
3. Landsort deep (Baltic)
{a) PO —P=0.00328 (AOU +4 NH{)+0.21 7% =0.973
(b) PO} —P=0.00339 AOU +0.16 7% =0.996
4. Norrképing deep (Baltic)
(a) PO; —P=0.00343 (AOU + 4 NH{) +0.001 r%=0.993
(b) PO P =0.00342 AOU +0.03 7% =0.994
5. Bohuslén fjords (Sweden)
(@) PO; —P=0.0096 (AOU +4 NH; +48°7)—2.87 r*=0.914
(b) PO} =P =0.0102 (AOU +48"7)—2.65 7% =0.896
6. Eastern North Atlantic
(@) PO} -P=0.00524 (AOU +4 NH7)+0.28 7%=0.858
() POI -P=0.00554 AOU +0.37 r=0.831
7. Drammens fjord (Norway)
(@) PO} -P=0.0075 (AOU +4 NH; +48°7)-1.62 *=0.713
(b) POS —P=0.00757 (AOU +48°7)—1.58 ¥ =0.749
8. Cariaco Trench (Gulf of Venezuela)
(a) POI =P =0.00406 (AOU +4 NH{ +48°7) +0.003 7= 0.996
(5)® PO} —P = 0.00426 (AOU + 4 §° 7% =0.959

¢ = Coefficient of correlation.
® From Richards & Vaccaro (1956).

resulting in sharp increases in ammonia and
phosphate and & gradual increase in hydrogen
sulphide concentrations. Below this depth, ex-
cepting the sulphur bacteria, most of the other
forms are assumed to cease, with steep increase
of hydrogen sulphide associated with & slow in-
crease in phosphate and ammonia concentra-
tions, a8 can be seen from the line for the deeper

7)-0.095

stagnant layers of the Black Sea (Fig. 2). It can
be said, therefore, that conditions in periodic
anoxic basins never go beyond that in the tran-
sition layer of permanent anoxic basins. But the
line for the Cariaco Trench (Fig. 3), whichis a
permanent anoxic basin, does not show the
same nature. Rather it appears to be in close
proximity with those for aerobic regions. This

Tellus XX1 (1969}, 2
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appears to be rather confusing. One probable
reason may be that the values from the aerobic
and the anaerobic regions have been represented
by the same line and that is why it compares
more with those for the aerobic milieu than
with those for anaerobic milieu.

It is perhaps pertinent to mention here a
characteristic of the ‘‘transition layer”. In this
layer there is almost always a sharp increase in
phosphate concentration, whereas the increases
in other parameters are relatively not so sharp.
The mechanism for this process is not yet clearly
understood. Richards & Vaccaro (loc. cit.) have
suggested the more rapid decomposition of
phosphatic organic compounds in the upper
layers, permitting only residues low in phos-
phate to settle to greater depths, as a probable
process. Olausson (1967) has suggested the dis-
solution of phosphorus from the bottom sedi-
ments with the lowering in pH as another
probable process.

Inorganic nitrogen equilibrium

The conceptual meaning of a particular redox
potential (electrode potential) is that it is the
equivalent free energy, i.e., the free energy
change per mole of electrons associated with a
given reduction (Stumm, 1966). Although aque-
ous solutions do not contain free protons and
electrons, it is possible to define a proton ac-
tivity pH = —log {H+} and an electron activity
pE = —log {e~}. As pointed by Sillén & Martell
(1964) p E is a convenient measure of the oxidis-
ing intensity of a system at equilibrium and is
related to the reversible redox potential (Ey) by
the factor 2.3RTF-1 (59,155 mV at 25°C). The
measurement of E necesstates the use of a
platinum electrode, which gets fouled in sul-
phide-bearing environments. Hence in a stag-
nant basin, if the necessary parameters are
measured with sufficient accuracy, pE is a con-
venient means to express the activity intensity
of the medium. Furthermore, pE makes cal-
culations simpler. The relations as deduced from
Sillén & Martell (loe. cit.) and used for the cal-
culations are given in Table 3. For the Baltic
and the Black Sea an average pH value of
7.8 + 0.3 is assumed for the whole water column,
while for the eastern North Atlantic the actually
measured values are taken.

The areas selected for study are quite different

R. SEN GUPTA

from one another in hydrographic characteris-
tics. Both the Baltic and the Black seas are
semi-enclosed basins with narrow openings and
shallow sill depths. In the Black Sea below
about 150 metres there is permanent stagnation
with the associated reducing conditions. In the
Baltie, however, conditions are partly oxidising
and partly reducing in the deeper waters. In
the Gotland deep conditions below the sill depth
vary, depending on the amount of the inflow,
As long as not enough water flows in, stagnant
or semi-stagnant conditions persist. But, in gen-
eral, reducing conditions prevail. In the Lands-
ort and the Norrkoping deeps, however, below
the sill depth conditions are absolutely oxidising.
An area in the eastern North Atlantic has been
investigated, since it has been suggested (L. H.
N. Cooper, personnal communication) that the
inorganic nitrogen system in oceanic environ-
ments may be expected to approach equilib-
rium conditions below 2000 metres.

The speed of production of life in the surface
layers and in the shallow regions never allow
any system in the sea to proceed towards equilib-
rium conditions. Further, it has been predicted
(Sillén, 1966) that there exists in the top layers
of the sea some organisms which probably can
cause a nitrate-sink by transforming nitrate
to nitrite and eventually to gaseous nitrogen
even in the presence of excess oxygen. Therefore
measurements from the Arkona and the Born-
holm basins have been left out from detailed
study and values only from the deep stations
have been considered. The values of pE for the
Gotland, Landsort and Norrkdping deeps are
plotted from the sill depth downwards, to study
the conditions in those basins (Fig. 4). Values
from the Black Sea for the same range of depth
have been plotted in the same figure to attempt
a comparison between different states of oxida-
tion in the two environments. Values from the
deeper regions of the Black Sea have been ex-
cluded from the diagram, since below about 400
metres NO; totally disappears and the only
redox pair that could be studied is NH;} /NOy
which does not show any appreciable variation
with increasing depth, as could be seen from
Table 3. The values for the system NO, /NO; ,
in general, increases with depth in the Gotland
and the Landsort deeps, but show a sudden
decrease at the bottom layers. This shows that
conditions at the bottom layers of these two
basins are, in general, reducing, but the degree

Tellus XXIT (1969), 2
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Fig. 4. Equilibrium conditions of nitrogen systems. x, Gotland deep; ®, Landsort deep; O, Black Sea

[, Norrképing deep.

of reduction appears to be higher in the Gotland
deep (7.37 at 175 m to 7.19 at 245 m) than in the
Landsort deep (7.23 at 400 m to 7.19 at 440 m).
But in the bottom layers of the Norrkoping
deep the values with respect to the system
NO; /NO; decreases while those for the other
two increases. This indicates oxidising condi-
tions—the ammonia content in the process of
being oxidised, is in the nitrite-stage. The values

at the Black Sea show a sharp increase at the
interface between the upper aerated and the
lower stagnant layers (between 125 and 150
metres) and thereafter decreases gradually
downwards. The higher values at the interface
are probably due to the accumulation of organic
matter just above the lower stable layer. This
assumption has, later on, been confirmed by
Prof. B. A. Skopintsev (personnal discussion).

Tellus XXI (1969), 2
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Fig. 5. Equilibrium conditions of inorganic nitrogen systems in the eastern North Atlantic.

In the eastern North Atlantic {(Fig. 5} ammo-
nia disappears below about 1500 metres, whereas
all the parameters increase from the surface down
to 600 metres. Below 600 metres, however, the
values for the first pair decreases with depth
while those for the other two increases till the
disappearance of ammonia. This indicates that
the organic matter, originating from the produc-
tion at the surface, is fully oxidised at about
600 metres. below which depth the reduction
process sets in which appears to cease at about

Tellus XXT (1969), 2

1500 metres. The almost constancy of the values
below this depth, with respect to the first pair,
indicates that the ammonia is in the nitrite
gtage of its oxidation to nitrate. In the deeper
waters of the oceans the only probable inorganic
nitrogen species appears to be nitrate, besides,
of course, the gaseous nitrogen, which is postu-
lated to exist in a state of saturation in the
oceans, increasing to supersaturation under
stagnant conditions.

The above values give rise to some interesting
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problems. From the equations in Table 3 it can
be calculated that the pE values at equilibrium
of the three redox pairs between pH 7.8-8.0 lie
between 6.4-6.2, 5.2-4.9, and 4.7-4.5 respec-
tively and the calculations from the measured
concentrations of nitrate, nitrite and ammonia
leads approximately to the same results. Also
the equilibrium constants have been used for
25°C whereas the average sea water is much
colder; and calculating AH for the various
reactions from the literature data it will not be
surprising to find that there exists a difference.
However, in general, this indicates the possibil-
ity that in marine environments the system
NO; —NO, —NH;may proceed towards equilib-
rium independent of the general equilibrium
conditions controlled by the O,-H*-H,0
system.

The equations for the denitrification and ni-
trification processes may be represented as
follows:

NO; +2H,0=NH, + OH- +20,
AG° =95.8 keal
NH; +20, +OH-=NO; +H+ +2H,0
AG° = —83.1 kcal

From informations available in literature (Coo-

R. SEN GUPTA

per, 1937; Bongers, 1958) it is found that AG®
values for the above two reactions are 73 and
—77.4 keal respectively. The present calcula-
tions have been made using the constants from
Latimer (1952). The sum of these AG° values
correspond of course to the equilibrium

NH}=NH, +H+

which has a AG° =2.3RT log Ky =12.7 keal.
Perhaps the old calculations were made using
some other constants.
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BUOXVUMUNYECKUE COOTHOIIEHNUA ¥ PABHOBECUE HEOPTAHUYECKOI'O
A30TA BIIOJIY3AKPBLITHI X BACCENHAX

B aHokcmuyeckux OaccelfHaX OKHCJIEHMEe opra-
HMYeCKOll MaTepuu pPaccMaTPHUBAIOCH TONBKO
TpU ydyeTe BoCCTaHOBJIeHHMA cyiabdara. OxHako
TEOpeTHYECKHE MCCIIENOBAHUA IOKA3HBAIT, YTO
aHaspoOHBIe GAKTEPUN BOCCTAHABIMBAIOT HUTPAT
ckopee, yeM cyasdar. CneqoBaTebHO, IPH pac-
CMOTpPEHUMN BCEX OKUCINTENbHO-BOCCTAHOBHTEIh-
HBIX PpeareHTOB Y4YeT AaMMOHEHA JacT JIydllee
npejpcraBieHne 06 MX CBABKM ¢ MOJNHON perexe-
panuen fochara B HempoTOyHHX GacceltHax.
Jenaercsa NONHTKA N3YYUTh COCTOAHUE PABHO-
BeCHMA HEOPraHMYEeCKMX CcoellMHeHHIHl aszora M3
v3MepeHMii KOHIEHTPAIMA HUTpaTa, HUTpATa U
aMMOHMA, ncnonbaya napamerp pE. Ilpu BH-
4HCHeHMAX pacemarpuBaiorcd cucremst NOS —
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NO;, NH} -NO;, NH} -NO;. Wsyuawrca
BapUallUd 3THX TpeX OKCHUIHMTeIbHO-BOCCTAHO-
BHUTEJbHHX NAp B BOCCTRHOBMTEJBLHBIX CpPeflax.
B y3kux Gaccefthax NP OKMCIUTENBHHX yCJO0-
BHAX Halixeno, uro cucrema, NO; —NO; npu-
OJIMEETCA K CBOMM DaBHOBECHHIM BeJUYHHAM.
N3 6nusocTu BHIYUCIEHHBIX BeJMYNH K PaBHO-
BECHEIM IPEJCTABJAETCH, 4To cucTema NOJ —
NO, —NO;“ HAXOAMTCA, 10 KpaliHelt Mepe, B
4aCTMYHOM, €CJM He B MOJHOM, PABHOBECHH B
MOpCKOH cpefe He3aBUCHUMO OT YCIOBHH mox-

HOr0 PABHOBECHA, KOHTPOJIMPYEMOTO CHCTEMOIL
H,-H+-H,0.



