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PHOTOSYNTHETIC CHARACTERISTICS OF PHYTOPLANKTON
IN THE WESTERN BLACK SEA DURING THE AUTUMN BLOOM

In the autumn of 2005 photosynthetic characteristics of phytoplankton were studied along transects from a coast to
deep-waters in the western and southern Black Sea. Efficiency of photosynthesis (af) varied from 0.012 to 0.068 mg

C (mg Chl)*h"}(uE m?2 s1)2. Light — saturated rate of chlorophyll a-normalized photosynthesis (P ff]ax ) ranged from 5

mg C (mg Chl)* h! in the deep-waters to 12 mg C (mg Chl)* h'! in the shelf waters. In the shelf area P r?]ax and of
varied by a factor of 3. Variability of these parameters was as lower as that of the chlorophyll concentration. The
.« valuesat the shelf were higher than those of the deep-water region. The phodoadaptive strategy of

phytoplankton was characterized by increasing of of at lower light levels. During the warm period of year nutrient
effect on photosynthetic parameters was critical in their variability. The total integrated primary production (PP) var-
ied from 0.34 to 2.45 gC m™? day*. Mean PP values were 1.7 and 0.5 gC m?day™ in the shelf and deep-waters re-

B
mean o® and P,

B

spectively. Strong correlations between PP, P,

B and surface chlorophyll concentration have been obtained.
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The data obtained during the last decades
in the coastal waters of the Black Sea have shown
that phytoplankton production have two maximum
throughout the year: one occurred in the beginning
of spring, second — in autumn. At the same time it
has been shown that maximum photosynthesis

intensity of phytoplankton (P r?]ax) increases from

winter to summer and then decreases again. The
temporal dynamics of the photosynthesis — light
curves parameters (an initial slope (e®) and maxi-
mum of the photosynthesis — light curves) are dif-
ferent. Highest o® values were found in February
— March, but they were lower in summer on aver-
age. However, there is not much data for the au-
tumn [1, 8]. The analysis of the data has shown
that the o® was not affected by light, and the tem-
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perature contribution to the total variability of this
parameter was not significant [6, 7]. At the same
time, the o® values were found to increase with
the growth of nitrate concentration up to 2 uM. A
similar character of the relationship has been
found in the North Atlantic and Indian Ocean and
it seems to confirm an assumption that nitrates
control the variations in the o values [16, 17].
Although there is wide scatter of points in the rela-
tionship between of and nitrate, the Black Sea and
Ocean data were described by the same function
type, but coefficients of the equations differ [7, 8].
At low concentrations of NOs within the surface
layer (about 0.05 uM), the a® mean value for the
Black Sea and oceanic phytoplankton were
dropped to 0.015 mgC mgChIthi(uE m? s?)?
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[8]. At high NO3 concentrations (> 2 uM), the o®
values for the Black Sea reached 0.06 mgC
mgChIth(LE m2 s?)1. Although a comparison
with data from distinct regions showed some simi-
larities in the dependence of o® on nitrate. We
need more data because the other factors such as
phytoplankton species composition could be im-
portant. The af depends on the light absorption by
phytoplankton which is related to the size and tax-
onomic algae composition. It is well known that
the algae with large intracellular content of pig-
ments and the cells of large size have lower spe-
cific coefficients of light quanta absorption than
the algae with small cellular sizes or low content
of pigments [10, 13]. An increase in the intracellu-
lar content of pigments is followed by the enlarg-
ing of chloroplasts and increasing of the amount
of tilackoids and their packaging degree. It results,
by analogy with an optically dense system, in the
selfshading of pigments and in the decrease of the
Chl-a specific coefficient of phytoplankton ab-
sorption. The power coefficient in the o and chlo-

rophyll concentration relationship and that for a’;h

- chlorophyll concentration relationship are
different [5]. It this case, while chloro-

phyll concentration increases in the in a wide
range (0.1-20 mg m=), the a® values in the Black
Sea will growth (up to 3 mg Chl m2) and then
decrease. For oce-anic phytoplankton, the
maximum of values were found at 0.4-0.6 mg m3
Chl a concentration, de-creasing by a factor of
1.3-1.8 at lower and higher chl a concentration
[12]. Thus we can suggest that in the Black Sea in
the range of the chlorophyll concentrations from
0.1 to 20 mg m~3 the af val-ues will be linked with
Chl a concentrations by a dome-shaped curve with
a single maximum in the left-hand part of the
curve.

The present study is aimed: a) to investi-
gate phytoplankton photosynthetic parameters in
autumn as a function of water mass distribution
and environment; b) to identify phytoplankton
properties, which could be associated with irradi-
ance and nutrients status, and derive parameteriza-
tion of their relationships.

Materials and methods. The data pre-
sented were collected in 15-day long cruise (from
September 28 to October 14, 2005) in the western
Black Sea on the research vessel “Vladimir
Parshin” (Fig. 1). Total 22 stations were fullfield,
15 from them were situated along the meridian

Leg 2

27.5 28 28.5 29

\ \ \
28 30 32

Fig. 1 Scheme of the biological stations in September (Leg 1) - October (Leg 2)
Puc. 1 Cxema Ouosornyeckux crauiuii B ceHtsope (1 stam) — oksi0pe (2 atarm)
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transect and 7 to the Bulgarian and Romanian
coasts. The stations were occupied daily between
0600 and 1100 LT. Water sampling was per-
formed with a conductivity-temperature-depth
(CTD) equipped with fluorometer, Licor quantum
meter measuring PAR and rosette with 12 x 51 Go-
Flow bottles. The phytoplankton samples collect-
ed from 2 depths with 100 and 1% incident irradi-
ance on the bio-optical stations were examined for
the effect of light on the phytoplankton photosyn-
thesis. On the whole, 29 experiments were made.

Chlorophyll a concentration (Chl). Chl
concentration were determined by fluorometry in
500 — 1000 ml volume samples after low vacuum
filtration through 25 mm GF/F (Whatman) and
stored in liquid nitrogen before analysis in the
laboratory. Chl was extracted with 90% acetone
under low temperature (9°C) and dark conditions
for 18h.

Nutrient concentration. Nitrate, phos-
phate, and silicate were measured on board within
a few hours of collection using an autoanalyser
and standard techniques [18].

Light penetration in the water column and
irradiance at the sea surface. Light penetration
was measured using a quantum meter measuring
PAR attached to CTD equipment. Measurements
were made with 1m intervals within the euphotic
zone at local noon + 3h. Average value of K for
the photic zone was computed for each bio- optical
station by equation E(z)= Eo exp (-Kq 2) using log-
transformed light on depth z. The computed Kg
values (m™) are plotted against surface chlorophyll
concentration. Despite the fact that the chlorophyll
samples were collected in surface layer (0-2m),
there was a significant correlation (p<0.01) be-
tween Ky and chlorophyll concentration: Kq = 0.13
Chl 948 (n=23, r? = 0.79, 0.4< Chl <13.0 mg/m?).
The attenuation coefficient and the Secchi disk
depth (S) within the euphotic layer are related: Kq=
1.37 (£0.23)/ S (n =23, r? =0.89, 3< S < 15m). This
equation was used to estimate Ky and then to com-
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pute Ez, the percentage of light available at the
sampling depths.

The incident photosynthetic available ra-
diation (PAR, A = 400 — 700 nm) was measured
on the deck with photometer each 30 min and
then was daily integrated. Incident irradiance was
con-sidered for analysis and computations of
primary production.

Photosynthesis-irradiance experiments
and in situ simulated primary production. Photo-
synthesis-irradiance relationships  (P-1) were
measured by the method [2]. The P-1 experiments
were curried out in special linear incubator [2],
which was illuminated with an incandescent lamp
(50W, 12V) and refrigerated with thermostatic
bath. As a special filter for correction of the lamp
spectrum we used 10% CuSO. poured in a
“frontal window” of the incubator. In the incuba-
tor the samples were exposed at different light
levels from 10 to 2000 pEms™. The irradiance at
each position in the incubator was checked regu-
larly during the cruise with a spherical sensor.

P-1 experiments were carried out at 22 sta-
tions (22 experiments — for surface samples
(100% PAR) and 7- for deeper samples (1 %
PAR). The depths to which 1% of surface irradi-
ance penetrated were determined based on PAR
profile measured by sensor attached to CTD-
rosette. From each sampling depth 22 subsamples
were collected in 50 ml tissue culture flasks and
inoculated with 10 pCi of NaHCOs. For each
curve three flasks were covered with black plastic
and placed at the end of the incubator to check
dark carbon fixation. After the incubation time
(1 h), samples were filtered under low vacuum
pressure through 25mm nuclepore filters (with
0.45 pum diameter of pore). The filter was placed
in a 20 ml glass scintillation vial, covered with 0.5
ml 0.5 N HCI to remove the unfixed inorganic *C,
and held uncapped under a hood at room tempera-
ture to dry overnight. Then 10 ml aliquot of liquid
scintillation cocktail was added to the dried filters.
Time-zero controls were treated identically, ex-
cept that they were acidified immediately.
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Total added NaH'*CO3; was measured by collect-
ing 0.01 ml working NaH**COj3 solution, adding
0.2 ml Ethanolamine (Sigma) to prevent the radio-
labelled inorganic CO, from escaping to the at-
mosphere and immediately adding scintillation
cocktail. The samples were kept in scintillation
vials with scintillation cocktail until measure-
ments with automatic liquid scintillation counter
RACK - BETA (LKB Wallac) in the Institute
(IBSS).

To correct for spectral characteristic of
experimental lamp, measured values of o® were
normalized for an ideal “white” spectrum (i.e.
with E(L) assumed to be constant from 400 to 700
nm) as outlined in Babin et al. [3]. This normali-
zation was made using:

afor (WhitE)z OCB (eXD) aph/white/ aph/lamp ) (1)

where the subscript “white” refers to values for
hypothetical white illumination and “exp” refers
to experimental values measured on the actual

sources (lamp), a phwhice / @ prviamp Spectrally aver-
aged phytoplankton absorption coefficients for
white light and experimental lamp spectrum, cor-
respondently. Photosynthesis rate per a hour,
normalized to the chlorophyll concentration was
fitted with the equation of Platt et al.[14] to de-

termine the parameters P°_ - light- saturated rate

of chlorophyll -normalized photosynthesis (mg C
(mg Chl)* h), aB — the initial slope of P-1 curve
(mg C (mg Chl)*h}(uE m? st)?1), pB — the pho-
toinhibition parameter (mg C (mg Chl )*h}(uE m®
2g1)1,

Daily water — column primary production
(PP, mg C m? d*) down to the 1% surface irradi-
ance depth was estimated. Samples for phyto-
plankton production were collected at depths cor-
responding to 100, 85, 68, 42, 32, 15, 10, 3, and
1%. Irradiance in each incubator was adjusted to
the irradiance at each sampling depth using neu-
tral density filters. The water samples were inocu-
lated with 0.5ml NaH*COs (10 pCi per sample)
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and incubated on the deck from dawn to sunset
(12h). For each depth one bottle was “dark” and
placed at the end of the incubator to check dark
carbon fixation. During the incubation surface
water was continuously pumped through the incu-
bator to maintain the incubation temperature close
to surface one. After incubation the samples were
filtered onto a 25 mm Nuclepore filters (with 0.45
um diameter of pore) and then treated as de-
scribed above for P-E curve samples. A total phy-
toplankton production (mgC m? d?) and Chl a
content (mg m2) within the euphotic layer were
obtained by trapezoidal integration of volumetric
values of phytoplankton production (mgC m d?)
and Chl (mg m®) from the depth profiles.

Results and discussion. Light and phyto-
plankton. Light (PAR, umol m? s) penetrated
deeper in the offshore than in the coastal waters,
because of the lower Chl content. In the coastal
waters relatively high values chlorophyll concen-
tration and the attenuation coefficient (0.16 — 0.38
m-1) were observed. Chl a concentration ranged
from 1.2 to 12.8 mg m™ and decreased from the
coast to offshore. The lower values were observed
in the deep waters, where Chl concentrations were
0.4 — 1.0 mg m.A negative relationship between
the depth of the euphotic layer and the surface Chl
a concentration was found:

Zeu = 35.6xChI*% (12 = 0.79, n=23) )

where Zg, is the euphotic depth (m) corresponding
to 1% PAR and Chl is chlorophyll a concentration
in the surface layer (mg m=). A discrepancy with
equation for Case 1 waters [11] is very small.
Therefore we can conclude that by optical charac-
teristics Black Sea at the time of sampling be-
longed to Case 1 waters.

Phytoplankton production. Primary pro-
duction values, measured in the euphotic layer in
the western Black Sea permit the identification of
several regions with differing productivity. The
data indicate that photosynthetic rates differ by a
factor of 10 in different sea regions. Relatively high
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primary production (0.70 — 2.40 gC m2day) were

recorded in the shelf waters around Bulgaria,

Ukraine, and Turkey (Fig. 2).
| |

4

T | T
28 30 32 34

Fig. 2. Variability of primary production in

September- October in studied region

(symbol sizes are proportional to primary

production from 0.34 to 2.8 gC m-2 day-1).
Puc. 2 W3meHYMBOCTh NEPBUYHOM MNPOLYKUUH B
ceHta0pe — okTs0pe 2005 T. B palioHE HWCCiIeqOBaHUI
(pasMep CHMBOJIOB MPOMOPIIMOHAJIEH BEIMYUHAM
nepudHoi npoaykuuu ot 0.34 1o 2.8 rC m2 cyr 1

The lowest productivity levels were rec-
orded (0.34 — 0.87 gC m?2day™) in central regions
of halistatic zone (st. 5, 9, 10, Fig. 1).

These data show that water circulation in
the studied regions effect the phytoplankton pro-
duction. It especially applies to both neritic re-
gions and the continental slope regions, where the
major Black Sea current (RIM) occurs. Complex
systems of localized multidirectional eddies occur
due to variation in winds and depth and shape of
the coast line, promoting exchange between sur-
face and deep waters [9]. This is especially ob-
served in the continental slope zone near Bulgaria
and Turkey, where high production rates are
measured (Fig. 2). The surface Chl concentration
and integrated primary production correlated
throughout the transects, the regression analysis
showed that changes in surface Chl explained about
80% of the total variability (Fig. 3).
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The relationship between ratio of the eu-
photic layer integrated primary production (PP)
and phytoplankton biomass (Chl ) and the sur-
face irradiance (Eo) were computed as:

PP/Chl ot = \ Eo (3)

The data from all period (n=10) were de-
scribed by the regression with y equal to
0.52+0.08 ¢gC (g Chl a)! (m* EY? (n=10,
r’=0.60). The y values were in a range 0.36-0.66
gC (g Chl @) (m? E1)? and comparable with the
values observed in other locations of the world
Ocean [16].
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Fig. 3. Relationship between the total primary production
and chlorophyll a concentration in the surface layer.

Puc. 3 3aBucumocTh 0O0mIel HMEPBUYHOW MPOTYKIIUU
OT KOHIICHTpaIuK XJopopmwiia a B MOBEPXHOCTHOM
croe

Photosynthesis-irradiance experiments (P-

E). Analysis of P-E response indicated on weak
photoinhibition with irradiances higher than 500
uE m?s? for surface samples (Fig. 4). The mean
parameter of photosynthesis saturation (Ex) was
224 +108 uE m?s? for surface layer and 73 £22
uE m?s? at the 1% PARo. The Ex values for sur-
face layer in the shelf and open regions were sta-
tistically different. In the coastal zone the mean
values was equal to 270+119 and in the open re-
gions - 178+53 uE m2s! (Table 1).
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Fig. 4 Typical curves of the relationship between the photosynthesis of phytoplankton and irradiance in surface layer
and for deeper samples (1 % PAR). The data were fitted following [14]; Puc. 4 Tunu4Hble CBETOBBIC 3aBUCUMOCTH
CKOpOCTH (bOTOCI/IHT€3a (bHTOHJ'IaHKTOHa B IMOBEPXHOCTHOM CJIOC U Ha FHy6I/IHaX, KyJda MpOHUKACT 1% coyiHeUHOM
paauauuu. Jluaus — pacyet no ypasaenuto T. [lnata ¢ coaBropamu [14], Touku — 3KCIepUMEHTAIbHBIC TaHHBIE.
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Table 1 Photosynthetic characteristics of phytoplankton
Tabn.1 dorocuHTETHYECKUE XapaKTEPUCTUKN (PUTOILIAHKTOHA

Number Bottom Depth, m pB oB Ik Ps B
station max
p.-Varna 14 0 9.70 0.054 180 - -

G 38 0 9.71 0.068 143 - -
P1-KR 48 0 13.0 0.073 179 24.9 0.013
P3-KR 48 0 12,5 0.063 198 15.9 0.0017
P6-KR 90 0 8.80 0.025 352 37.8 0.006

0 35 0 5.30 0.015 353 - -

1 35 0 3.2 0.011 291 - -

1 35 0 5.17 0.013 398 - -

2 601 0 6.2 0.022 282 27.4 2.47

2 601 20 2.99 0.043 69 - -

5 2178 0 5.41 0.023 235 - -

9 2000 0 4.60 0.037 124 5.05 0.0004

9 2000 25 3.70 0.086 43 4.07 0.001

10 1890 0 5.40 0.039 138 6.04 0.0006

16 103 0 8.6 0.066 130 10.8 0.0031

18 48 0 5.20 0.035 148 6.91 0.002

25 31 0 10.3 0.062 167 - -

30 1076 0 5.95 0.043 138 - -

30 1076 20 1.16 0.054 21 - -

32 100 0 6.40 0.022 291 - -

34 41 0 5.83 0.012 486 - -

35 21 0 10.4 0.027 385 - -

39 73 0 12.6 0.046 274 - -

39 73 40 5.70 0.065 88 5.02 0.004

41-x 1100 0 7.41 0.028 265 - -
41-x 1100 35 5.35 0.052 103 - -
52-x 1000 0 4.49 0.026 173 - -
54-x 1980 23 3.25 0.067 48 - -
55-x 1000 0 5.79 0.034 170 - -
55-x 1000 23 4.00 0.057 70 6.62 0.005

Comments: P r'?]ax - maximum photosynthesis rate, normalized on chlorophyll a concentration, mg C (mg Chl) ht; af

- efficiency of photosynthesis, mg C (mg Chl)* h'{(uE m-2 s); Ik — light intensity saturating photosynthesis, uE
m-2 s; Ps — parameter of photosynthesis-irradiance curve, mg C (mg Chl)* h'l, B - the photoinhibition parameter
(mg C (mg Chl )*h}(uE m? s?)?

B 1 ol
Tpumeuanue: P - MakcuMalbHas CKOPOCTb (HOTOCHHTE3a, HOpMUPOBaHHas Ha xaopodumt a, MrC (mr Chl)?® u;

08 — sdpdexrurrocts Pporocuntesa, MrC (mr Chl)? a(UE m-2 ¢1')?; Ik — Hackimaromas poTocuHTE3 HHTEHCHUB-
HocTh cBeTa, BE M ¢} Ps — mapamerp cBetoBoii 3aBucumoctu dotocuntesa, mg C (mg Chl)! h, p — napamerp
¢orounruduposanus (Mr C (mr Chl ) al(uE m2 ¢1)?

The initial slope of photosynthesis-
irradiance curve (a®) was variable. The mean o®
value for whole data set for surface layer was
0.032+0.019 mgC mg Chl* h**(LE m? st)?L. The
maximum o value was fixed in the Bulgarian

average. The P2 values in large space scales
varied from 3.2 to 12.6 mg C (mg Chl)* h** and
the mean PrE;aX in the shelf was 8.51£3.28, in the
open waters - 5.57+0.98 mg C (mg Chl)* h'. As

shelf waters (0.039+0.024 mgC mg Chl* h'}(uE
m?2 s1)1). In surface waters of open regions af
was 0.033+0.007 and in deeper layer (1% PAR) —
0.055+0.01 mgC mg Chl't h{(LE m? s*)? on
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we can see, in the autumn, the values of Pff]ax in

the shelf waters, where greater chlorophyll con-
centration were observed, were 1.5 time as great
as in the deep-water regions. At the same
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time the af values were only 1.2 time lower for
open waters. The correlation between the maxi-
mum rate of photosynthesis (Pmax, mgC m? h?)
and the chlorophyll a concentration was found to
be described by a power function (Fig.5). The re-
lationship between the maximum rate of photo-
synthesis and the initial slope of the light curve (a,
mgC m® h"i(uE m? s1)*) and chlorophyll concen-
tration was also described by a power function,
but a power coefficient was smaller than for

P2 .The P and a® values increased by a factor

max
of 1.5 and of 1.2 correspondently while the chlo-
rophyll concentration rose in 10 times.

The effect of nutrient concentrations on
aB values were investigated at 4 stations in the
coastal waters near the Bulgaria. The nitrate con-
centration within the 0 to 15 m layer varied from
0.05 to 2.5, silicate — from 0.05 to 8.5, phosphorus
—from 0.03 to 0.20 uM. The o® values ranged from
0.025 to 0.068 mgC mg ChlI* h*  (uE m?2 s1)?L,
The minimum values of oB, nitrate and silicate
were observed at st. P6RK (depth 100m), while
the o® maximum were confined at the 40 — 50 m
depths. These differences are not occasional. This
dependence was described as Michaelis-Menthen
type by following equation:

of = 0.071x N/ (0.095 + N), 4)

where N is nitrate concentration, uM. To estimate
the effects of nitrate and silicate, as well as their
contributions to the changes in the values of the
oB we used the multiple regression:

o8 = 0.0245 (0.003) + 0.016 (0.005)N + 0.0013
(0.0013)Si, r2=0.91, (5)

where N are nitrate, Si - silicate concentrations,
uM; in brackets - standard deviation. The greatest
contribution to the total variability of af values
was made by the concentration of nitrate, while
the silicate affects it slightly. The same relation-
ship was found earlier during summer, but the
coefficients of an equation differ [7, 8]. At low
and high concentrations of NO3z within the surface
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layer the of values for autumn bloom were two
time greater, than for summer. Our results do not
support the view of J. Cullen et al. [5] that the
nutrients influence weakly on photosynthetic pa-
rameters if phytoplankton acclimates to ambient
irradiance regime. Data obtained in the Black Sea
show that nutrients are a major factor regulating
photosynthesis efficiency and the standing stock
of phytoplankton. The of values in coastal and
offshore waters differ in 1.4 times. It allows to
make a conclusion that phytoplankton was limited
by NOs in open sea. The spatial distribution of
nutrients is likely to determine variability in pho-
tosynthetic phytoplankton characteristics. The
photosynthetic parameters in response to changes
of nutrients might be a key factor initiating an au-
tumn bloom in the Black Sea.

The change of photosynthetic parameters
from deep-waters to shallower regions confirm
the hypothesis that high surface chlorophyll val-
ues in the coastal are associated with high photo-
synthetic parameters of phytoplankton. On the
other hand our data aren’t in an agreement with
the alternative hypothesis for lack of relation be-
tween photosynthetic parameters and chlorophyll
concentration. Thus, phytoplankton responds to
the variations in the environmental conditions
generally by rather great fluctuations in its bio-
mass and partly by changes of photosynthetic pa-
rameters.

Conclusion. Despite the evidence of sig-
nificant biological responses on physical forcing,
little attention has been focused on assessing of
changing photosynthetic parameters. The changes
of Chl concentration and primary production
along the transects reflect the interaction between
the physicochemical fields and the biological re-
sponses of planktonic ecosystem. The surface Chl
concentration and integrated primary production
correlated throughout the transects, the regression
analysis showed that changes in surface Chl ex-
plained about 80% of the total variability. The
experimental data showed that in autumn the
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photosynthetic parameter values in the shelf wa-
ters with higher chlorophyll concentrations ob-
served were on averaged 1.5 times higher com-
pared to the deepwater region. The coefficients of
variation of photosynthetic parameters were higher
in the shelf, than in the deep-water regions. The
maximum photosynthesis and light-limited photo-
synthesis rates increased non-linearly with growth
of chlorophyll concentration. The results presented
showed 2-fold variation in efficiency of photosyn-
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DOTOCHHTETHYHI XapaKTepHCTUKH (IiTOMIAHKTOHY B 3axigHiid yacTuni YopHoro Mopsi B mepioa ociHHbOro
usitinnsa 3. 3. ®inenko, T. 5. Uypinosa, O. B. Ilapxomenko, C. Tyrpys. ®oTOCHHTETHYHI XapaKTEpPUCTUKH
¢iTomIaHKTOHY OyJIN TOCIIJDKEH] Y310BX po3pi3iB BiJ Oepera B IIIMOOKOBOIHY YaCTHHY B 3aXiJHOMY 1 MiBJCHHOMY
paiionax Yoproro mopst Bocenn 2005 p. EQexrusnicts Gporocuntesy (of) sminroanacs sig 0.012 mo 0.068 mr C

B ), -Bin5C
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(Mr Chl)la! B rnubokosoaHiit wactuni a0 12 C (mr Chl)'u? B mensorux Bogax. ¥ paiioni mwenbQy BeTUIUHU
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i 0f 3sminroBanucs B 3 pasu. CTyniHb BapiaGeNbHOCTI LIUX HapaMeTpiB OyB TAKUM ke SIK i KOHIIEHTpaLii XJI0-

. . . B . o
podiny. Cepenni Benuunan of i P Ha menbQi nepeBHILyBaii 3HAYCHHs 1S ITMOOKOBOHOTO paifony. Crpate-

rist poToaganTalii GiTONIAHKTOHY MOJAraia B HiABMILEHH o i3 3MeHIIeHHAM ocBiTIeHOCTI. Y Temuii nepios poky
0ioreHHI PEYOBMHH BHM3HAYAIM MIHIHBICTH (POTOCHHTETHYHUX MapaMmeTpiB. BemmuuHm iHTErpanbHOi NMEpBHHHOI
npoayxii (PP) smintosanucs Bix 0.34 1o 2.45 rC m2 1o6y'. B cepeansomy PP cknagamm - 1.7 1 0.5 rC m2 no6y™! B

B

wenbGOBOMY i IIHOOKOBOAHOMY paifoHax, BiamosinHo. Oneprkani kopensuiiini sanexnocti mix PP, P, o8 i mo-
BEPXHEBOIO KOHIIEHTPAIIIEIO XIOpodiny a.
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ro userenus 3. 3. ®unenxo, T. 5SI. Yypuaona, A. B. Ilapxomenko, C. TyrpyJ. ®oTocuHTeTHYECKHE XapaKTepH-
CTHKH (PUTOTNIAHKTOHA OBUIH MCCIICAOBAHBI BJIOJb Pa3pe3oB OT Oepera B rIyOOKOBOAHYIO YacTh B 3aMaJHOM H 0XK-
HOM paiionax YepHoro mMops ocenpio B 2005 r. DpdexruBrocTs poTocunTesa (o) msmensmacs or 0.012 mo 0.068
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KOHIIEHTpaIuy xiaopodunia. Cpennue Bemuaussl 0° i P Ha menbhe NpeBbIIaiy 3HA9SHHS U TTyOOKOBOIHO-

X

Y B
ro paiioHa. Ctparerus GpoToagantayuy GUTOILIAHKTOHA 3aKJIF0YaIach B MOBBILECHUH (L C YMEHBLICHHEM OCBEILCH-
HOCTH. OCeHbI0 OHOreHHBIC BEIIECTBA ONPEICIUIA M3MEHUYMBOCTh (DOTOCHHTETHYECKHX IapamMeTpoB. BeanduHbI
UHTerpaabHoil neppuuHoi npoxykuuu (PP)usmensuck ot 0.34 1o 2.45 rC m? ey, B cpeanem - 1.7 u 0.5 rC m?
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