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ABSTRACT: A characteristics is given of water chemis-
try. in 41 lakes differing in their trophic state and mixis
(di- and polymictic). Increasing trophic state of the lakes
under study was accompanied bI changes in the concentra=-
tion of the following chemical components of water: an ine
crease in the summer and .spring content of total phosphor-
us and of its mineral and organic form, of total and organ-
ic nitrogen, an increase in the concentration of ammonia
in epring, a summer increase of content of ammonia near
the bottom in dimictic lakes, a growth of the content of
calcium, sodium, potassium and bicarbonates, as well as an
increase of oxidability and electrolytic conductivity of
water in both mictic types and the layers studied, and a
growth of the content of magnesium in dimictic lakes.
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1. INTRODUCTION

This paper presents the results of studies on water'chemistry
in several dozen lakes in the north~eastern Poland. The study re-
oresents a part of a team research on the so-called "ecological
monitoring of lakes* (K a jak and Zdanowski 1983),
The objective of the study is to describe the chemical composi=
tion of water in lakes differing in their trophic state and mixis
(di- and polymictic), and to verify the usefulness of particular
chemical indices for monitoring the process of lake eutrophication.

2. MATERIAL AND METHODS

A total of 41 lakes in north-eastern Poland were selected for
the studies. Descriptions of the trophic state and morphometry of
the lakes, as well as of their catchment areas can be found in
other papers of this volume (Ba jkiewicz=-Grabo=
w e k &8 1983 ¢ a jra -k end "2 dim nio Wik 4 49850,

The degree of anthropogenic impact, primarily by direct pol=
lution, varies considerably from lake to lake (K a jak and
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Zdanowski 1983), The main sources of pollution to lakes
are municipal sewage and effluents from food dindustry (starch
plants, scutching plants, distilleries, dairy industry, etc.),
The highest degree of pollution is found in the following lakes:
Barlewickie, DZugie, Eickie, Hartowiec, I%lawskie, Juno Péinocne,
Juno Potudniowe, Kraksy Duze, Lidzbarskie, Liwieniec, Sasek Maiy,
Stryjewskie, Szelag Maiy, Sztumskie and Wobel. The following are
the lakes for which no data on the amounts of sewage are availa-
ble at present, while hydrochemical indices indicate their being
polluted: Maréz, Rzeckié, Tuchel and Warpunskie.

Investigations were carried out in 1977 and 1978, Water of
each lake was sampled twice: in spring, from the dissappearance of
ice until the end of May (13 April-25 May), and during the peak
of summer stagnation (12-28 August ). Materials obtained for sum-
mer period are sufficiently representative, whereas those obtained
for spring are (due to a relatively long sampling period) more
varied and cause some problems when the lakes are compared. This
applies in particular to the dimictic lakes and to a less extent,
to the polymictic water bodies. During spring study period the
stratification was already establishing itself: in some of the
dimictic lakes: Rzeckie, Oxéw, Kierzlinskie, Sarz, Pizakno, Ede
ckie, Sztumskie and Wobel. _

Water samples for chemical studies were collected with Berna~
towicz's sampler, from the epilimnion layer (0.5 m below the sur-
face ) and the hypolimnion layer (0.5 m above the bottom). At the
‘same time water temperature and oxygen content were measured in a
vertical profile, from the surface to the bottom.

Chemical analyses of water were made with standard methods de~
scribed by Just and Hermanowicz (1955), as well
as according to the S tandard Methods (1955).
Colorimetric determinations were made on a "SPECOL"™ spectrophoto=
meter.

Phosphate phosphorus (PO,-P) and total phosphorus (Tot=P,
after sample digestion in H,S50, with an addition of ammonium per-
sulphate ), were determined colorimetrically with ammonium molyb-
date; ammonia - by direct nesslerization method; nitrites - with
x=naphthylamine; nitrates - with phenolbisulphonic acid; total ni-
trogen (Tot=N) by Kjaldahl’s method, after digestion in sulphuric
acid and reading the concentrations on an ORION model ion-~analyser
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407A (total nitrogen represents total content of organic nitrogen
and ammonia). | |

In the epilimnion, content of dissolved and particulate frace
tions of organic phosphorus and organic nitrogen was determined,
Fractionation of organic phosphorus and organic nitrogen was per=
formed filtering water samples through Whatman GF/C blotting pa=
per. | ' _

Content of calcium, sodium and potassium was determined on a
flame photometer. Total iron was analysed colorimetrically with
ammonium rhodanate, silicates -~ with ammonium molybdate, magnesi-
um - with titanium yellow, manganese - with ammonium persulphate,
carbonates and bicarbonates « by titration with 0.1 n HC1l in the
presence of indicators, sulphates = by the nephelometric method,
and chlorides « with silver nitrate.

The electrolytic conductivity of water was measured conducto-
metrically with a DIGI 610 conductometer, and pH = potentiometri=-
cally on an ORION Model 407A ion~analyser (pH was measured only in
summer period).

3« RESULTS

3.1. Thermal and oxygen conditions

In spring, temperature of the surface water layér in the die
mictic lakes varied between 3.8 and 16.000, and the content of
oxygen = between 9.3 and 14.2 mg PN 40 Temperature of the near=
-bottom water layer ranged in that period from 3.6 to 8.400,_ and
oxygen content = from 0,0 to 14,2 mg -dm's. Near the bottom, con
centration of oxygen dropped below 1 mg .dn~> in the following
lakes: Lidzbarskie, Szelag Maty and Wobel., |

In summer, temperature of the surface water layer in the di=
mictic lakes varied between 16.6 and 24.600, and oxygen content =

between 8.6 and 16.8 mg . dm™>. Near the bottom, temperature of
water ranged from 4,5 to 9;000, and oxygen content - from 0,0 to
5.0 mg .dn"~>. In the majority of the lakes under study a decrease
of oxygen in the vertical profile agreed with a decrease of water
temperature. Oxygen curve of the shape corresponding to a nega=-
tive heterograde was recorded only for Leleskie Lake; in case of
all other lakes -~ it was a typical clinograde.
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In the polymictic lakes, temperature of the surface and nearw
-bottom water layers in spring ranged from 6.8 to 16.2 °c and fron
5.0 to 14.5°C, respectively, whereas the content of oxygen ranged
from 7.0 to 15.7 mg -dm'3. and from 3.9 to 13.5 mg -dm"3, respece
tively. In Lake Kraksy Duze the concentration of'oxygen in spring
was over 20 mg -dm'3. In spring period, stratification of teme
perature and oxygen-concentration was recorded for the following
lakes: Tuchel, Warpunskie, Kotowin, Ranskie, Sedanskie, Sasek Ma=~
ty and Brajnickie,

In the polymictic lakes differences in summer water tempera-
tures between the surface and the near-bottom layer were small
(18.1-19.6°C and 15,1-19.5°C, respectively ). Stratification  of
water temperatures was recorded only in lakes Tuchel, Warpunskie
and Sedanskie.,

" Content of oxygen in water of the polymictic lakes in summer
varied between 7.3 and 18,7 mg-dm'3 in the surface layer, and be-
tween 6.0 and 14.0 mg . dm™> near the bottom. Lakes Kraksy Duze and
Tuchel have been excluded from the comparisons, as in these lakes
the oxygen content near the surface and near the bottom was much
lower, and amounted in Lake Kraksy Duze to 2,0 and 1.4 mg - dm“33
and in Lake Tuchel to 4.8 and 0.3 mg-bdm"3, respectively.

3.2. Characteristics of the chemical composition of water

3 4 e B R R R TR B e T

Characteristics of water chemism in spring and summer periods
are presented separately for the dimictic and the polymictic lakes.
In each of these two types, three lake groups were distinguished
which differed as regards summer content of total phosphorus in
the surface water layer. Dimictic lakes: group 1 =~ 0,020~
-0,044 mg *-dm"'3 (1akes Gim, Kierzlinskie, Kuc, Leleskie, Mardz,
Oxéw, Pilakno, Probarskie, Sarz, Skanda), group 2 =~ 0,059~
~0.147 mg - dm~> (lakes Czos, Kalwa Duza, Kokowo, Lampackie, Mal-
sze&o, Rzeckie, Sasek Duty)’, group 3 « 0.175=0,506 mg-chn

1 Higher concentrations of total phoaphorus were found only in
two lakes: Matszewo and Kokowo (0,137 and 0,147 mg-dm=3), whereas
in the ramaining lakes content of total phosphorus never exceeded
0.087 mg.dm=3
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(1akes Exckie, Juno Pdéinocne, Juno PoXudniowe, Sztumskie and Wo-
bel); polymictic lakes: group 1 = 0.054-0,092 mg.-dm'"3 (lakes Bur-
gale, Kotowin, M&j, Ranskie, Sedanskie, Siercze). group 2 = 0,134
- =0,285 mg . dm™> (lakea Badze, Brajnickie, Diugie, Hartowiec, Sam-
bréd, Sasek Maly, Stryjewskie, Warpuriskie), group 3 = - 0.321-
«0,940 mg tot=P -dm'3 (lakes Barlewickie, Iizawskie, Kfaksy Duze,
Liwieniec, Tuchel).,

The range and the mean concentrations of particular chemical
components of water in the trophic groups of di~ and polymictic
lakes in spring and summer are presented in Table I.

Sekee » TN tr0n N 15 gt ate
and t h e c.o.n te.nt s ¢ phosphorus
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In spring‘averagé contents of total, organic and phosphate
phosphorus in the surface and near-bottom water layers of the di=-
mictic and polymictic lakes increased along with increasing lake
- trophic state (according to the summer content of tot=P in the epi
limnion). Average concentrations of total, organic and phosphate
phosphorus were, at this time, usually slightly higher in the near
~bottom water layer (Table I). In spring, the differences betwee:
minimal and maximal content of the analysed phosphorus fractions
the epilimnion and near the bottom also increased along with ir
creasing trophic state, Most significant differences were noted i
. poly- and dimictic lakes of the highest trophic state (Table I ).

In spring, the percentage of phosphates in total phosphorus i
the surface water layer of the dimictic lakes ranged from to 87
and in the polymictic lakes « from 5 to 83%. The highest mean per-
centage of phosphates was recorded for dimictic lakes of a high
trophic state (60%), whereas in the remaining trophic and mictic
gfoups the respective values were half lower. They amounted to 38
and 35% in the dimictic’ lakes of the first and the second group,and
to 23, 28 and 30%, respectively, in the three trophic groups of the
polymictic lakes,

In summer, average content of phosphate and organic phosphorus
in the surface water layer, and of total, organic and phosphate
phosphorus in the near=bottom water layer increased in the di~ anc
polymictic lakes as the concentration of total phosphorus rose ir
the epilimnion (Table I ). Similarly to changes in the contepnt o1



Table I. Spring and summer range of variation and the mean content of mineral salts, pH, oxidability and electrolytic conductivity of water of the surface
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Ecological charabteristics of lakes 293

total phosphorus in the epilimnion, during the same period, agrowth
was observed of the concentration of particulate and dissolved ore
ganic phosphorus in the epilimnion of the di- and polymictic lakes
(Fig. 1). |

In summer, average percentage of phosphates in total phosphorus
was low (<38%) in lakes of a lower trophic state, and high (>50%)
- in di= and polymictic lakes of the highest trophis state (Fig.
3). Avefage percentage of organic particulate phosphorus in total
phosphorus was higher than the percentage of dissolved organic
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Fig. 1. Concentration of total (TOT-P), phosphate (PO,~-P), total

organic (TOTorg=P), particulate organic (PARTorg~P &nd ‘dissolved

organic (Dorg~P) phosphorus in the epilimnion of trophic groups of
dimictic and polymictic lakes in summer
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phosphorus in all trophic groups (Fig. 3). Percentage of dissolved
organic phosphorus decreased along with increasing lake trophic

state., .
Average percentage of phosphates in total phosphorus in summer

was about twice as high in the near-bottom water layers as in the
surface layer in three groups of the dimictic lakes (69-91%), and
in the first group of the polymictic lakes (on the average 60%).
In the remaining trophic groups of the polymictic lakes the dife
ferences in the percentage of phosphates in total phosphorus bew
tween the surface and near=bottom layers were small.

3.2¢3s S ©880Nnal changes in phosphorus
cohceoentration 4n Weater o1 'd tw
and poiyvasterio L8808

Average content of total phosphorus in the surface water layer
of the dimictic lakes was lower in summer than in spring in groups
1 and 3, end that of phosphate phosphorus = 1in all the three
groups (Table I). On the other hand, average content of organic
phosphorus in the epilimnion was higher in summer than in spring.
A most significant decrease in the content of total phosphorus was
recorded for dimictic lakes characterized by stable thermal stra=
tification in summer and a lower range of mixing (lakes Czos,; Kal-
wa Duza, Juno Péinocne, Juno Potudniowe, Sztumskie and Wobel). In
dimictic lakes with a wide range of mixing, content of total phos=
phorus in the epilimnion remained at the same level throughout the
growing season (lakes Kuc, Leleskie, Pilakno, Sasek Duzy, Probare
skie, Odéw).

Content of total and phosphate phosphorus in the near=bottom
water layers was higher in summer than in spring in all the di=
mictic lakes, and especially in lakes of high trophic state (Juno
Pétnocne, Juno Poiudniowe and Wobel), In summer, average content of
total and phosphate phosphorus in the near-bottom water layer was
about 2«3 times higher than in the surface layer., Content of oOre
ganic phosphorus near the bottom is slightly lower in summer than
in spring (Table I). In particular lake groups, average content of
organic phosphorus near the bottom is similar to, or slighly lower
than in the surface layer (Table I ). |

In the polymictic lakes, direction of changes in the content
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of total, organic and phosphate phosphorus in the surface and nearw
-bottom water layers during the growing season is different from
that in the dimictic lakes. Except for lakes Barlewickie, Dkugie
and Sasek Maty, for which a lower summer content of total phos=
phorus in the epilimnion was recorded, the content of total phos=
phorus was higher in summer than in spring.

The highest increase in phosphorus content was recorded for
the following lakes: Liwieniec, Itawskie, Stryjewskie and Tuchel.
Average content of total, organic and phosphate phosphorus in the
surface and near=bottom water layers of the polymictic lakes was
about twice higher in summer than in spring (Table I).

e, T h e tro P e M s tate
s nd et e eRCERT S £ LY rog-en
I NatTer oY the 1lakes under s tudy

In spring, average values and range of concentration of total
and organic nitrogen in the surface water layers in the di- and
polymictic lakes did not show any agreement with the increase in
the summer content of tot-P in the epilimnion (Table I). Only in
the near=bottom water layer of the dimictic lakes, average concen=
tration of total and organic nitrogen increased along with increas-
ing trophic state (Table I).

Content of ammonia and nitrates in the surface and near=bottom
water layers of the dimictic lakes increased in spring together
with increasing lake trophic state, with only slight variations in
the content of nitrites (Table I ). As regards the polymictic lakes,
differences in the content of ammonia, nitrates and nitrites bee
tween particular trophic groups were rather small in the same pe~
riod (Table I). Percentage of mineral nitrogen in total '~ nitrogen
was low (1-27%), except group 3 of the dimictic lakes (15-39%). It
varied in particular trophic groups of di- and polymictic  lakes
between 8 and 25% on the average..

In summer period, content of total and organic nitrogen ine
creased along with increasing trophic state in both water  layers
of the two mictic types of lakeé, while ammonia content increased
only in the near=bottom water layers of the dimictic lakes. No such
regularities were found for concentrations of ammonia in the sur-
face water layers in the dimictic lakes, or for concentrations of
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nitrates and nitrites in both mictic groups (Table I). Organic ni-
trogen is the basic form of total nitrogen. In particular trophic
groups, it represented on an average about 90% of the average con-
tent of total nitrogen in the surface water layer (Fig. 3). Lower
percentages of organic nitrogen in total nitrogen were found only
at the bottom in the dimictic lakes (3.78%, on the average 22%).

Average content of particulate and dissolved organic nitrogen
increased in accordance with increasing trophic state, with simi-
lar average percentages of these forms in total nitrogen in P& re=
ticular groups (Figs. 2, 3). High average concentrations of dis-
solved organic nitrogen compared to particulate organic nitrogen
were recorded only for the dimictic and polymictic lakes of the
highest trophic state (Fig. 2).

In relation to spring, summer concentration of total and or=-
ganic nitrogen in the surface water layer increased mainly in the

FHY 1,2 3 Trophic group
dimecric lakes ' of lokes

Polymictic lakes

LT A gt
l i i 5l

e i
T0T-N TOTorg-N PARTorg—N org-N

Fig. 2. Concentration of total (TOT=N), total organic (TOTorg=N ),

particulate organic (PARTorg~N) and dissolved organic (Dorg-N) ni=-

trogen in the epilimnion of trophic groups of dimictic and poly=-
mictic lakes in summer
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Fig. 3. Average percentage of phosphate (PG4—P), total organic

TOTorg-P ), particulate organic (PARTorg=P ) and disolved organic

Dorg-P ) phosphorus in total phosphorus, and average percentage of

mineral (Nmin), total organic (TOTorg-N), particulate (PARTorg-N)

and dissolved organic (Dorg-N) nitrogen in total nitrogen in the

epilimnion of trophic groups of dimictic and polymictic 1lakes in
summer

dimictic lakes (Table I). Also ammonia content in the near-bottom

water layers increased in particular trophic groups of these lakes

(Tabla 2 )e Ammonia content increased most significantly at the bot
tom of lakes in the group 3, for which also seasonal differences

in the total and organic nitrogen were most pronounced (Table I).

Average percentage of mineral nitrogen in total nitrogen at the

bottom of the dimictic lakes was high, ranging in particular groups
from 10 to 20%, with a maximum of 45% of total nitrogen, in Lake

Wobel.
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325, Tha . treaphis. stetes snd v hs soncént
o'f.the . remainitng slenents. 4n 'wWater
O f t he l akes ynaer. §tuay 1

Calcium, potassium, sodium, magnesium, chloride, sulphate and
bicarbonate contents, as well as electrolytic conductivity of water
- in the surface and near-bottom layers in the dimictic lakes in=
creased in particular groups in spring and summer, in accordance
with the increase in summer content of total phosphorus in the
epilimnion (Table I ). In the polymictic lakes, similar trend was
noted as regards potassium content, which increased together with
trophic state in both periods, as also with respect to magnesium,
sulphate and chloride contents in spring (Table I).

For calcium and bicarbonates, as well as for the electrolytic
conductivity, significant differences were found in the wvalues
found in spring and summer in lakes ©0f both mictic types, and
fairly great difference of concentrations in the surface and near-
~-bottom water layers in the dimictic lakes in summer (Table I ).
" Differences in the contents of potassium, sodium, chlorides and
‘phosphates between the seasons and between the water layers were
small in case of most lakes (Table I). The greatest differences of
sodium content did not exceed 2.4 mg--vdm"3 (Dtugie Lake), and of
potassium - 2,2 mg-dm'3 (Barlewickie Lake ), In summer,differences
in the content of sodium and potassium between the layers in the
polymictic lakes did not exceed 1.6 and 0.6 mg - dm's,raspectively.
and in the dimictic lakes = 1.5 and 1.3 mg*-dm"3, respectively. '

Concentration of c'alciu_m and bicarbonatea; as well as the elec~
trolytic cdnductivity of the surface water layer, decreased in sum-
mer in lakes of both mictic types (Table I). The rate of these
changes in the polymictic and dimictic lakes increased together
with increasing lake trophic state, The highest rate was found in
shallow lakes. In stratified lakes the greatest differences in the
concentration of calcium between spring and autumn periods were

2Ayerage pH values of water in the surface and near-bottom lay-

ers were similar in the distinguished trophic groups (Table I ). No
significant differences were found in the content of manganese anc
total iron in the surface layer in spring and summer (Table I ). In
summer, the highest content of manganese at the_bottom was found in
Rzeckie Lake (0.97) and Lake Wobel (1.65 mg-dm=3), and of total
iron - in Rzeckie Lake (1.20), Lake Sarz (1.08) and Lake Kokowo
(0.91 mg » dn=3). In the polzmictic lakes, high  content of total
iron was found in lakes Kraksy Duze and Sasek Maiy. |
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found in the following lakes: Mardz, Czos, Kalwa Duza, Kokowo, Eie
ckie and Wobel =~ by 10=19 mg+-dm“3 (in Lake Wobel «~ from 70 to
51 mg -dm'3); and in the polymictic lakes - in Barlewickie, Sam-
bréd, Warpunskie, Brajnickie and Tuchel = by 15-23 ng - dm"3 (:Ln
Brajnickie Lake =~ from 64 to 41 mg -dm'3). In Leke Kraksy Duze the
content of calcium increased in summer from 78 to 84 mg -dm'3.1hia
increase was accompanied by an increase of bicarbonate content in
summer, from 210 to 298 mg -dm's, and of the electrolytic conduce
tivity of water from 449 to 562 uS -cm"i.

' Summer stratification of calcium, carbonates and conductivity
was found in all dimictic lakes, while in the polymictic lakes dif~
farencds between the layers were much smaller. As regards the di-
mictic lakes the greatest differences were noted in lakes with the

highest trophic state (Table'I).

S 2000 on Dumuk e nee T et wester. 4n d i=
.and polymictic lakes

Changes in concentrations of the above chemical components in
surface water layers in the dimictic and polymictic lakes during the
'growing-season..and-in particular trophic groups are illustrated
by a 6omparison of the average sum of cations and anions, and of
their percantagas'in the ion balance (Table 1 1) U

Calcium constituted the basic cation in water of the lakes
under study {to a less extent - magnesium ), and bicarbonates = the
basic anions. In the’dimictic lakes, content of cations and anions
in the surface water layer increased with increasing trophic state
(Table II). In these lakes the difference between ion content in .
the extremal lakes decreased from 2.1 to 1.7 mval . dm™> during the
growing season (spring-summer), this being a result of a slight
drop of the ion content in the first group, and a significant one
(by 0.5 mval {dm"s) in trophic groups 2 and 3 (Table II)., In the
polymictic lakes the highesf sum of ions was recorded in spring for
the third group, and the lowest = for the second group. The ave
erage -d:l.'ffe;rence between these groups is about 1.6 mval - dm"s.
In summer, the trend of ion content is similar in all groups. . In
this périod the difference in ion content increased to 1.9 mval-dm”
(between group 2 and group 3). The greatest reduction in the con=
tent of ions was found for the lakes of the second trophic group,

by 0.7 nval « dn™> (Table II).

3



Table II. Average total cations and anions (mval -dm's) and their percentage in the surface water
layers in dimictic and polymictic lakes, and in particular trophic groups of these in spring and
' summer (values in brackets - summer)
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An increase of trophic state in the di- and polymictic lakes
was accompanied by a decrease of the percentage of calcium and car=
bonates in the ion balance in the last trophic group, with an about
2-fold increase in the percentage of sodium and chlorides. Percen=
tage of potassium and sodium increased as the trophic state of the
dimictic lakes increased. The same applies to the polymictic lakes,
in which an increase of the average percentage of chlorides was
also observed (Table II).

Gedale NERT &L ORL'UA D L L CY

An increase in water oxidability was observed together with an
increase in trophic state of di~ and polymictic lakes (Table 1I).
Polymictic lakes were characterized by higher water oxidability
than dimictic lakes both in spring and*summér. The highest average
water oxidability, noted in the dimictic lakes of the third group
was only slightly higher in comparison with average oxidability
stated in polymictic lakes of the first trophic group.

4, DISCUSSION

Trophic state of lakes is most often described in terms of: type
of oxygen stratification, oxygen concentration and per cent saturae
tion of water with oxygen in the epi=~ and hypolimnion, av-
erage summer or annual content of total phosphorus and to-
tal nitrogen, and alkalinity or content of phosphates in the
near-bottom water layers in summer (S t angenberg 1936,
Olszews ki and Paschalseski 1959, Patalas
1960a, 1960b, S a k amo t o 1966, Vol lenweidi d e r 1968,
PO B berg. s Ry ailng 1980; 01eszewsek i et al,
1980).

Comparison made in this study of changes taking place in con=
centration of basic chemical components of water in spring and
sufnmer in the particular mictic types and their trophic groups,
analysed in a trophic gradient indicates that an increase of trop~
hic state in the lakes under study is characterized by: an ine-
crease in spring and summer concentrations of phosphate phosphorus,
total organic phosphorus, particulate and dissolved organic phos=-
phorus, total nitrogen, total organic nitrogen, and particulate and

5 — Ekol. pol. 31, 2
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dissolved organic nitrogen; a growth of the content of ammonia in
the surface and near-bottom water layers in lakes of both mictic
types in spring, and a growth of the concentration of ammonia in
the surface and near-bottom water layers in polymictic lakes

in summer; an increace in the concentration of nitrates in
both layers in dimictic lakes in spring; an increase in the con-

centration of calcium, sodium, potassium and bicarbonates, and an
increase of water oxidability and electrolytic conductivity in the
surface and near-bottom water layers in lakes of both mictic types
and in the seasons analysed, as well as an increase in the concen
tration of magnesium in dimictic lakes.

An increase of trophic state in the lakes under study is also
indicated by: a decrease of total phosphorus content in summer in
relation to spring, in the epilimnion of dimictic lakes, and an ine
crease in the concentration of total phosphorus and total nitrogen
in polymictic lakes at the same time; an increase of differences
in the concentration of total phosphorus, phosphate phosphorus, to-
tal nitrogen, ammonia, calcium, bicarbonates and water conductivity
in summer between tne surface and near=bottom layers in dimictic
lakes.

High lake trophic state (1akes under a stronger impact of ane
thropogenic factors, especially of direct pollution) is indicated
by higher than in the other lakes contents of: total phosphorus
(>0.100 mg -dm"3) and total nitrogen (> 1.5 mg 'dm"s): summer Ccone
centration of ammonia and nitrites in the surface water layers of
polymictic lakes, and summer concentration of ammonia near the bot-
tom of dimictic lakes; high content of calcium, potassium, sodium
and chlorides, as well as a high water oxidability and electrolytic
conductivity in particular seasons and layers; lower percentage of
calcium and bicarbonates at increased percentages of sodium, potas-
sium and chlorides in the ion balance; higher summer and spring cons-
centrations of phosphates, and their high percentage (>50) in
total pnosphorus in the epilimnion.

As regards the chemical indices, the greatest variations were
noted with respect to total phosphorus and its different forms in
the surface and near~bottom water layers during the growing sea=
son, as also for total and organic nitrogen, ammonia, calcium, bi-
carbonates, and electrolytic conductivity.

It was found that changes in the concentration of phosphorus
and nitrogen in the epilimnion and in the near-=bottom water layers
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of dimictic lakes were determined by lake statics. In dimictic
lakes, characterized by high stability of thermal stratification,

the amount of total phosphorus in the epilimnion was lower in sum=
mer than in spring. The rate of the decrease depended on the trop-
hic state of the lakes, veing the higher the higher the trophic
state. Average content of total phosphorus in dimictic lakes drop=-
ped by about 10% in relation to the spring content of this element.
In this case, sedimentation of organic matter may be the decisive
factor, determining changes in phosphorus content (G o 1l a ¢ h o-
WHERk a 1971 "Ke Ja k'and  L'a'wE ¢''2 171977, K'a '§'a k 1979).

Average content of total nitrogen in the epilimnion of di-
mictic lakes increased in summer by about 25% in relation to the
spring concentration. This might have been the result of binding of
atmospheric nitrogen by some species of blue~green algae.

In tne near~bottom water layers of dimictic lakes an increase
was observed in summer content of total phosphorus, phosphate phos-
phorus and ammonia, The higher the trophic state of the lakes, the
greater the changes in the concentration of these components. A sun-
mer accumulation of total phosphorus, phosphate phosphorus and am-
monia at the bottom occurred mainly as a result of their release
from bottom sediments (Z d an ows k i 1983a),

In polymictic lakes, intensive water mixing, high summer tem-
peratures and oxygen content at the bottom, determine high rate of
mineralization of organic matter and exchange of phosphorus and ni-
trogen between water and bottom sediments, In most o0f the poly=-
mictic lakes under study these processes lead to intehsive, increas~

ing with trophic state, inner enrichment of these lakes with phos-
phorus and nitrogen. This process was reflected by a drop of the
content of organic phosphorus in bottom sediments in summer in re-
lation to spring (by about 26%) and, except some lakes, a decrease
of the concentration of organic nitrogen by about 15% in relation
'to épring (Z d. afh O.W.6 K.1 19833). As a result, average summer
' concentration of total phosphorus in polymictic lakes was higher
oy about 70% than the spring content. Average summer content of
total nitrogen was higher by about 12% than its spring concentra-
tion. This applies primarily to very fertile lakes.

The above changes in summer content of phosphorus and nitrogen
in dimictic and polymictic lakes increased differences between
lakes of these two mictic types as regards their phosphorus and ni-
trogen resources and, consequently, also with respect to their pri-
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mary productivity. Due to intensified process of inner enrichment,
in polymictic lakes primary productivity in summer was higher than
in dimictic lakes, and also higher than in spring (S p o d n i o=
ws ka 1983, Zdanowsk i 1983b),

It was found that variations in the concentration of calcium
and bicarbonates, as well as in the electrolytic conductivity of
water, were strictly correlated. This agrees with studies carried
out by other authors (S zczepanskdi 1968, Korvycka
1969, KO ryecc« a and Z d an owski 1976, A. Korycka =
unpublished data). Summer values of these indices for all lakes
were, as a rule, lower than their spring levels. The changes dew=
pended on trophic state of the lakes, the higher the trophic state
the higher the rate of changes. They resulted from the process of
biological decalcification. In lakes with a high trophic state, per-
"centage of calcium and carbonates in the ion balance decreased,
while concentration of chlorides, sodium and potassium increased.
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5+« SUMMARY

Water chemistry was studied in 41 lakes in the north~sastern
Poland. Morphometry and trophic state, as well as the degree of
anthropogenic impact upon the lakes have been described by K a~-
jak and Zdanowski (1983).

Water samples for chemical analyses from the surface layer
(0.5 m) and from the near=bottom layer (0.5 m above the botton)
were collected twice on each lake: during the spring circulation
(April-May ) and in the period of summer stagnation (August ). INe=
vestigations were carried out in 1977-1978, |

Chemical composition of water in spring and summer has been
described separately for dimictic and polymictic lakes (a list of
the lakes under study is contained in the paper by K a j a k and
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Zdanowski 1983)., In each of the two types three lake
groups were distinguished, differing in the content of phosphorus
in the epilimnion (Table I), '

A comparison of variations in the content of chemical conpo=
nents in water during the growing season in the mictic types and
their trophic groups indicates that an increase of trophic state
of the lakes studied is characterized by: an increase in spring
and summer concentration of phosphates, total organic, and dis=-
solved and particulate organic phosphorus; a growth of total, total
organic, dissolved organic and particulate organic nitrogen (Ta-
ble I, Figs. 1, 2); an increase in the content of ammonia in the
surface and near-bottom water layers in both mictic types in spring,
and an increase in the content of ammonia in the surface and nearw
-bottom water layers in polymictic lakes in summer (Table I); a
growth of the concentration of nitrates in both layers of dimictic
lakes in spring; an increase in the content of calcium, potassium,
bicarbonates, water oxidability and electrolytical conductivity in
both layers and mictic types in spring and summer; a growth of the
content of magnesium in dimictic lakes (Table I ).

A high trophic state of lakes under the influence of, among
other, pollution, is indicated by high levels (higher than in the
other trophic groups) of the following: content of total phosphorus
(>0.100 mg - dm"3) and total nitrogen ( >1.5 mg * dm-3); summer Ccone
centration of ammonia and nitrites in the surface water layers of
polymictic lakes; high summer content of ammonia at the bottom of
dimictic lakes; high content of calcium, potassium, sodium, chlo-
rides, sulphates, carbonates, high level of oxidability and
electrolytic conductivity of water (Table I); but lower percentage
of calcium and bicarbonates, at higher percentage of sodium, potase
sium and chlorides in the ion balance (Table II); high summer and
spring concentration of phosphates, as well as their percentage
(:>50%) in total phosphorus in the epilimnion (Figs. . G 3).

6., POLISH SUMMARY

Przeprowadzono badania skXadu chemicznego wody w 41 jeziorach
péknocno-wschodniej Polski. Charakterystyke morfometrii i trofii
oraz stopnia antropogennego zagrozenia jezior podaje K a j a k 1
cdanowe ki (1983), ' u
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Préby wody do analiz chemicznych pobisranc z warstwy powierz-
chniowej (0,5 m) i przydennej (0,5 m nad dnem) na kazdym joezio-
rze 2-krotnie: w okresie cyrkulacji wiosennej (kwiecicn-maj) i sta=-
gnacji letniej (sierpien ). Badania wykonano w latach 1977-1978.

Charakterystyke skiadu chemicznego wody w okresie wiosennym i
letnin przeprowadzono oddzielnie dla jezior dymiktycznych i poliw-
miktycznych (wykaz badanych jezior podano w pracy Ka jaka i
Zdanowskdiego 1983). W kazdym z tych typédw wydzielono
PO 3 grupy jezior, rézniace sie letnia zawértoécia fosforu ogdlne=-
go w epilimnionie (tab. I),.

Z pordwnania zmian zawartosci skladnikdow chemicznych wody w so-
zonie, w poszczegdlnych typach niktycznych i ich grupach troficz-
nych, wynika, Ze wzrost trofii badanych jezior charakteryzuje:
wzrost wiosennego i letniego stezenia fosforu fosforanowego, orga=

nicznego ogdlnego, organicznego rozpuszczonego i upostaciowanego;
wzrost azotu ogdlnego, organicznego ogodlnego, organicznego rozpu=-

szczonego i upostaciowanego (tab, I, rys. 1, 2); wzrost zawartosci
amoniaku w powierzchnniowych i przydennych warstwach wody w obu ty-
pach miktycznych w okresie wiosennym oraz wzrost zawartosci amo=
niaku w powierzchniowych i przydennych warstwach wody w jeziorach
polimiktycznych w okresie letnim (tab, I); wzrost stezern azotandw
w obu warstwach w jeziorach dymiktycznych w w okresie wiosennym;
wzrost stezen wapnia, sodu, potasu, dwuwgglandw, wutlenialnosci i
przewodnictwa elektrolitycznego w obu warstwach i typacn miktycz=-
nych w okresie wiosennym i letnim; wzrost stezen magnezu W jezio-

rach dymiktycznych ( tab. I).
Na zbiorniki o wysokiej trofii, znajdujace sie m.in. pod wpiy=-

wem zanieczyszczen, wskazuje wyzsza niz w pozostaiych grupach tro=-
ficznych: zawartosc¢ fosforu ogdlnego (>O,100 mg ¢ dm'3). azotu 0gdl-
nego (>1,5 mg ¢ dm'3); letnia koncentracja amoniaku i azotynéw w
powierzchniowych warstwach wody w jeziorach polimiktycznych; wyzZe
sze letnie stezenia amoniaku przy dnie w jeziorach dyniktycznych;
wysoka zawartosc wapnia, potasu, sodu, chlorkdw, siarczandéw, weg~
lanéw, utlenialnoséc¢ i przewodnictwo elektrolityczne wody (tab. I );
nizszy procentowy udziaz wapnia i dwuwegglandw, przy wzroscie udzige
fu sodu, potasu i chlorkdéw w bilansie jonowym (tab. II): wyzsze
letnie i wioswnne stezenia fosforanéw oraz wysoki ich udzial (>50%)
w fosforze ogéinym w epilimnionie (rys. 1, 3).
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