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Introduction.

In connexion with the investigation of the aquatic vegetation in several
lowland lakes in Scania performed by AstA LUNDH (1951), the author
on several ocecasions collected water samples both from the lakes and
their tributaries in order to determine the concentrations of a number
of common ions.

The main part of the analytical work was carried out in the summers
of 1946 and 1947, but some supplementary analyses were made in the
summer of 1948. As the investigation closely accompanied that per-
formed by LUNDH in her study of the same lakes during the same periods
the reader is referred to her description of the development of the in-
vestigation (LUNDH 1951 pp. 7 and 9).

The analyses were performed in 1946 in the laboratory of the puri-
fication plant for sewage of Lund at Killby, in 1947 at the soil labora-
tory of the Botanical Museum in Lund and in 1948 mainly at Kallby.

The investigations have been partly financed by grants from the
Royal Physiographical Society of Lund, The Royal Academy of Science
of Sweden and the National Council for Research Work.

When the collecting of the samples was commenced in the spring of
1946, the aim of the investigation was to obtain information of the
characteristic features of the concentrations of electrolytes in the waters
of Scanian lakes and, moreover, to study whether there was any cor-
relation between the concentrations of ions and the distribution of the
higher aquatic plants. Naturally it is impossible, even if such a correla-
tion were discovered, to discuss the growth requirements of the plants.

There are very few investigations on the water chemistry of Scanian
lakes, but some authors have made determinations of the general lim-
nological factors. Thus THUNMARK (1945 b) has published some deter-
minations of colour, potassium permanganate-consumption, hydrogen
jon concentration, total hardness and specific conductivity from Hiacke-
bergasjon. LILLIEROTH (1949 and 1950) has reported the same analyses
10
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Table 1. Survey of the localities for the water samples.

E3 g -
Lake Map Figure no. EE;E Name of the i h:tattllon
B (in Lundh 1951) | 7 ElE tributaries A the
I Z358 map.
1. Yddingen ........ ] 9 [ 3 — 1, 2,3, 4
2. Fjillfotasjon . ... . | 9 4 = —
3. Borringesjén . .., .| 9 4 - —
4. Havgardssjon . ., 9 2 — —
5. Bjbrkesikrasjon I 14 2 - —
6. Hiickebergasjon o] 14 |3 - =
7. Svaneholmssjon . | 14 P3| - —
8. Krageholmssjin .| 16 [ 38 J Vistorpsbiicken 1
. Ebbetorpsbiicken 2
Y. Ellestasjén ...... | 16 ! 2 E{Sungarpgbiicken 3
' | [[Outflow from Elle-, 4
10. Snogeholmssjén I 16 3 || stasjén
| ll JlAssmﬁsahﬁcken 5
11. Sévdeborgssjén . .| 16 {1 | — -
| | |[Outflow from Sno.!
12. Sovdesjoén . .... .. ‘ 16 |3 J geholmssjon ' 6
| Frihultsbhiicken fi
13. Heljesjén ........ i 21 r 1 — I =
| ] | "I'Eippor{idshiicken J 7
{ 14. Vombsjén ...... .| 21 3 Ovedshiicken 8
| ! ]Iijfirkm‘in 9
| Sjotorpshicken B
15. Krankesjén ... ... ! 21 b [{Sfl\'ﬁkl[‘nhiickcn Il 6
| 16. Gyllebosjon .. .. .. l 29 | 2 | - ] =
' 17. Tunbyholmssjin . . | 29 2 i - | —
{ 18. Western Ringsjén 30 1 — ——
l Eastern Ringsjon 30 1 — | =
19. Dagstorpssjon . ., 33 1 — —
¢ 20. Kvesarumssjon | ., 35 2 — -
| 2L. Tjornarpssjon 35 2 { — —
_! 22, anarpssjt'in ..... 35 2 | —
| 23. Finjasjén .., ..... 37 1 | — —
| 24, Araslévssjon . .. . 38 1| —
| 25. Hammarsjon . .. . . 38 3 | — —
! [[Rabelévsbiacken 1
- 26, Rébel6vssjon . ... . 39 3 ] Ekestadsbicken 2
! {LOsterlévsbicken 3
| 27. Oppmannasjén . ., 30 3| =— —
| 28. Levrasjén . ... .. 50 3 " -
| 29. Siesjon ... . | 50 2 —
| 30. Vistersjon . ... . 1 51 3 | — |
! 31. Résjon . ......... | 51 3 | Lérkesholmsan |1
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been treated by 1VERSEN and OLSEN (1943) and RODHE (1949). .OHAM-
MAR’s investigation also included the lowland lakes of Uppland, the vege-
tation of which seems to be very similar to that of Scanian lakes. THUN-
MARK (1948) has published some results from lake investigations in
Sédermanland and Sméland but of the ions only chloride is discussed.
Very detailed studies on the concentrations of cations and sulphate and
chloride have been performed by WITTING (1947, 1948 and 1949) in
Swedish mire-waters.

In Denmark IVERSEN (1929) has published some studies on the rela-
{ions between the hydrogen ion concentration and the occurrence of
water plants. NYGAARD (1938) made rather close investigations on the
hydrochemistry of Danish ponds and lakes, also including the seasonal
variations in the contents of nitrogen and phosphorus but he did not
discuss the plants. OLSEN (1950 a and b) has recently carried out an
investigation in order to find correlations beiween some ions and the
distribution of water plants and divided them inlo groups according
to the concentrations of ions.

This paper is not intended to give a comprehensive solution of the
problem of the relationships between ion content and the distribution
of plants, nor a limnological classification of the lakes, but to contri-
bute to the always actual discussion of the causes of the differences
between the vegetation of various lakes. Very often the total content of
electrolytes, i.e., the specific conductivity is regarded as a measure of
the nutrients, in spite of the fact that the proportions of the components
can vary considerably in different cases. It has been impossible to
publish the whole extensive material, which contains about 4800 deler-
minations from lake waters and 1500 values from waters from tribu-
taries, and only surveys are given here. Naturally this material can be
treated in many other ways than has been done here and there are
also many examples in {he literature of a much smaller material which
has been studied more closely and from which more far-reaching con-

clusions have been drawn.



General remarks.

As the lakes studied here are the same as those which have been
discussed by LUNDH (1951), no general descriptions or maps of the
lakes are given in this report. Such information is to be found in her
work, where also the localities for the collecting of the water samples
are given for both the lakes and the tributaries. Moreover the hydro-

Table 2. Survey of the number of the water analyses of the investigated lakes.

Lake 1946 1947 1948 Total

1. Yddingen .................... 12 8 2 22
2. Fjillfotasjén ...........0.0000. 6 8 2 16
3. Borringesjon ................ 8 8 2 18
4. Havgérdssjon ................ 2 4 2 8
5. Bjorkesdkrasjon . ............ — 4 -— 4
6. Hickebergasjon .............. — 3 1 4
7. Svaneholmssjon . ............ 1 4 2 7
8. Krageholmssjon . ............ 4 6 2 12
9. Ellastasjon .., ............... 4 6 2 12
10. Snogeholmssjon . ............ 6 6 2 14
11, Sovdeborgssjon . ............. -— 1 2 3
12, Sovdesjon . .......ciiiiaan.. 6 6 2 14
13. Heljesjon . .................. — 2 2 4
14. Vombsjon . .........c.connn... 11 7 3 21
15. Krankesjén .................. 15 6 2 23
16. Gyllebosjon .................. — 4 2 6
17. Tunbyholmssjon , ............ - 4 2 6
18. Western Ringsjon ............ — 2 1 3
Eastern Ringsjon ............ = i 1 2
19. Dagstorpssjon . .............. — 1 2 3
20. Kvesarumssjén ,............. — 2 2 4
21. Tjornarpssjon . .............. — 2 2 4
22. Bosarpssjon . ................ — 2 2 4
23. Finjasjon .................... — - 1 1
24, Araslévssjon  ................ 1 — — 1
25. Hammarsjon . ............... 1 - 3
26. Rabeldvssjon ................ 20 — 1 21
27, Oppmannasjén .............. — 4 3 7
28. Levrasjon . .................. 2 6 2 10
29. Siesjon .......... ... 000 iea.n -— 4 2 6
30. Vistersjon .................. — 5 3 8
BL RSSO ... — 5 3 8
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Table 3. Survey of the number of water analyses from the tributaries.

| i ; i

| Tributary Co"el?k?d‘“g tff:'n?:p Ma}; fig. 1946‘]947 1948 Total

|

| Brook 1 ......oeee Yddingen 1 9 4|1 5 |

| Brook 2 ........... > 2 9 3 —f = 3 |

| Brook 3 ........... > 3 9 1 — 1
Brook 4 ........... s 4 9 3 1 4 4

‘ Vistorpsbicken . .... Krageholmssjon 1 16 3 1 — | 4
Ebbetorpsbicken . ...| Ellestasjon 2 16 2 1 s 3

[ Snogarpsbiicken ... » 3 16 2| — | —1 2
Outflow from Ellesta-

| 310] (R Snogeholmssjén 4 16 3 2 — 5

i Assméasabicken . .... + 5 16 3 1 — 4
Outflow from Soévde-

borgssjon ........ Sovdesjon 6 16 2 — 1 — 2

Frihultsbiacken . .... E 7 16 2 1 — 3
Tipperddsbiicken . ..[ Vombsjén 7 21 4 1 — 5
Ovedsbicken . ...... > 8 21 4 1| — | 5

| Bjorkagn . .......... > 9 21 s 2| — 1 s

| Sjétorpshiicken . ....| Krankesjon 5 21 3 1 — 4

| Silvdkrabécken ..... » 6 21 4 1 — 5

| Rabelovsbicken ....| Rabeldvssjon 1 39 7| —| —| 7

| Ekestadsbécken . .... > 2 39 7 —il — 7

| Osterslovsbicken . ... : 3 39 7 — | =1 7

| Larkesholmsan . ....| Rosjon 1 51 — 1 1| =11

logical conditions of the years of the investigation are not discussed
here (cf. LunDH 1951 p. 30 et seq.).

Naturally the localities in the lakes have not always had exactly the
same position, nor has the same number of samples been collected at all
visits to the lakes. The localities in the outflows and in the tributaries
have always had the same position.

Table 1 is a survey of all stations for sample collecting. Altogether 31
lakes have been studied. The number of stations has varied from one
to five according to the area of the lake.

Table 2 gives a survey of the total number of analyses series from the
lakes for the different years of the investigation and thus shows its
development.

Table 3 illustrates the number of analyses from the tributaries. As is
evident the number was greater in 1946 than in 1947, because most of
the brooks were completely dried up in the summer of 1947, a year
very deficient in precipitation (cf. LUNDH 1951 p. 35).



Methods.

The water samples were collected in the surface water down to 0.5 m.
Common one litre bottles with cork stoppers were employed. Samples
for determinations of oxygen and carbon dioxide were collected in
bottles with glass stoppers but these analyses will not be discussed here,

For most of the chemical analyses the methods described in » Anvis-
ningar fér Bakteriologiska och Fysikalisk-kemiska Vallenanalyser» have
been used and references are given helow to this publication. As this
book is written in Swedish and the author has made some modifications
of the methods brief summaries are given below.

Hydrogen ion concentration. The pH was determined
in.some analyses in the spring of 1946 colorimelrically by using a
Hellige comparator and phenol red, pH range 6.8—8.4, as the indicalor.
Generally, however, the determinations were made by a Radiometer
potenliometer. The pH was always delermined the same day as the
samples were collected and as soon as possible thereafter. Some experi-
ments employing a portable pH-meter in field failed as the apparatus
did not stand the transportation on a motor cycle.

Potassium permanganate-consum pltion, mg. KMnO,
per litre. The analysis was made in the following manner. To 100 ml.
of the water sample 1 ml. of concentrated H,S50, and 10 ml. of 0.1 N
KMnO,-solution svere added in a wide test tube. This was then placed
in a waler bath for 20 minutes and then 10 ml. of 0.1 N Na,(C,0,-
solution were added and the KMnO,-consumplion was delermined by
titration with 0.1 N KMnO,-solution.

Specific (electrical) condu ctivily (x;5-10% was de-
termined by a conductivity apparatus, made by Triib Tiuber & Co,
Ziirich and a dip electrode, type Philips, with a cell constant of aboul
0.66. The electrode was kept in 96 per cent alcohol.

Total solids, mg. per litre. 100 or 200 ml. of a thoroughly
shaken sample were evaporated to dryness on a water bath in a tared

‘)
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crucible of porcelain (platinum or quarz crucibles were not available).
Since the amount of total solids in waters rich in plarikton generally
could be regarded as large, in such cases only 100 ml. were used. After
evaporating the crucibles were dried at 100 to 105 °C for three hours.
The increase in weight was taken as the total solids.

Non-volatile solids, mg. per litre. The dried residue from
ihe preceding analysis was ignited in an electric oven at 600 to 650 °C.
The difference in weight between the crucible after ignition and the
empty crucible is the non-volatile solids.

Total hardness, German degrees, “DH, was determined
by titration with a soap solution according to KLur (1927 pp. 111 to
113).

Calcium, mg. per litre. The method is given on pp. 68 to 69. Cal-
cium was precipitated with ammonium oxalate, and after dissolving the
precipitate in sulphuric acid, the free oxalic acid was titrated with 0.05 N
KMnO,-solution. Generally 250 ml. of water were used for these
analyses.

Magnesium, mg. per litre, was determined by the method given
on pp. 69 to 70, in the filtrate from the calcium analysis when the
calcium oxalate was separated. Magnesium was precipitated with am-
monium phosphate and then determined gravimetrically in the ignited
precipitate. The values are rounded off to 0.5 mg. per litre.

Iron, mg. per litre. During 1946 iron was determined by the method
given on pp. 70 to 71, by colouring with potassium thiocyanate and
colorimetric determination. From 1947 the analyses were performed
according to SAYWELL and CUNNINGHAM (1937) with o-phenantroline.
100 ml. of water were evaporated to dryness and then the residue was
dissolved in hydrochloric acid. After addition of hydroxylamine and
o-phenantroline the colour was measured in a photocolorimeter.

Potassium, mg. per litre. The determinations were performed by
Lantbrukskemiska Kontrollstationen in Kristianstad by .using a flame
photometer after the precipitation of the calcium by a mixture of sal-
ammoniac and oxalic acid.

Chlorides, mg. per litre, were determined according to the method
given on pp. 78 and 79 by titration according to MOHR with a silver
nitrate solution, of which one ml. corresponded to one mg. chlorine. In
the calculations the results have been corrected for the quantities of silver
nitrate necessary to colour the potassium chromate according to OHL-
MULLER-SPITTA (1931 p. 70).

Sulphate, mg. per litre. The method is to be found on pp. 79 and
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80. The sample volume was generally 250 ml. After precipitation with
barium chloride the delerminations were made gravimelrically.

Nitrate, mg. per litre. In 1946 (he method including colour de-
velopment with brucine sulphate, given on pp. 80 to 82 was used, but
it proved to be somewhat unsalisfactory, From 1947 the analyses were
performed according to the method with phenole disulphonic acid, cf.
BURSTROM (1942). 100 or 200 ml. of water were evaporaled to dryness
after the addition of potassium hydroxide. The residue was treated
with hydrogen peroxide and the phenol disulphonic acid and ammonia
were added. The colour was measured in a photocolorimeler.

Silicon dioxide, mg. per lilre, in water soluble silica, was
determined according to WERESCAGIN (1931 p. 183). The colorimetric
determination was made in a common Lunzer colorimeter with tubes
of 30 em. in height.

Phosporus, v P per litre. Some results from 1946 obtained with
the method given by LomaMMmar (1938) seemed to he unsatisfactory,
as the blue colour was not stable and therefore they are not included
here. From the autumn of 1946 the method of SCHEEL (1936) has heen
used. 500 ml. of waler were evaporaled to dryness and then the residue
oxidized wilh hydrogen peroxide in order to destroy organic material.
In some cases it proved to be necessary to remove silica by evaporation
with hydrochloric acid. The developed colour was determined in a
photocolorimeter and the experiments were carried out by the Lanl-
brukskemiska Kontrollstationen in Kristianstad.

Bicarbonate, mg. HCO, per litre, was delermined according to
the method given on p- 78 by titralion with hydrochloric acid and methyl
orange as the indicator.

Colour, given as mg. Pt per litre, was determined according to the
method given on p. 58, which is the general method given by Hazen
(1892). A Lunzer colorimeter with 30 em. lubes was employed.
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Results.

A survey of all analyses from the lakes is given in table 4 and from
all tributaries in table 5. The discussion below is mainly founded upon
these surveys. Both maximum and minimum values and the averages
are presented. In those cases where only one determination has been
made it is given as the average.
~ Hydrogen ion concentration. Since the variation of the pH due lo the
photosynthesis of the plankton organisms is affected by e.g., weather
and plankton content, no averages have been calculated. The method
given by IVERSEN (1929) for determining the maximal pH variation of
a water has not been employed, but since the determinations have been
carried out on various occasions, it is likely that the extreme values
are also represented. The pH in all lakes lay above the neutral point,
with a few exceptions as regards Vistersjon and Rosjon. It is apparent
that the pH varies in about the same manner in all the lakes, even if
the general electrolyte content is different as well as the vegelation.
Any significant differences did not seem to occur. Thus it is impossible
to establish a correlation between pH and the qualitative composilion
of the lake vegetation as has been made by IVERSEN (1929) for some
waters in Denmark. In spite of the fact that the vegetation of such
lakes in Scania as for example Yddingen and Résjon has entirely
different character, the reactions of the waters are rather similar. This
seems to indicate that a factor other than pH regulates the distribution
of the plants. .

Potassium permanganate-consumption. The KMnO,-consumption is com-
monly employed for the estimation of the content of such factors as
humus, organic substances in plankton, detritus and so on. It generally
varies in such a manner that brown and turbid lakes have a relatively
large consumption, for example Borringesjon and Krankesjon, while
lakes with fransparent, uncoloured water have low values, for example
Heljesjon and Levrasjon. No apparent correlation between the qualita-
tive composition of the vegetation and the KMnO,-consumption natur-
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ally can be found. In turbid lakes, however, the quantitative develop-
ment of the vegetation seems to be less than in transparent lakes, a fact
already observed by IVERSEN (1929). Thus Levrasjon and Heljesjon
have a very rich bottom vegelation. This also holds true for Ribel§vs-
sjon and Western Ringsjén. Turbid lakes on the other hand, for example
Fjallfotasjon and Borringesjon, have very insignificant submerged vege-
tation. No determinations of the light intensities on the botloms have
been performed by the author, but ABERG and RODHE (1942) established
a high extinction in the lake Viixjosjon, which probably has the same
richness in plankton as the most plankton-rich Scanian lakes, e.g.,
Vombsjon and Stvdesjon. These authors, however, have not studied
the distribution of plants in relation to light.

In connexion with the KMnO,-consumption the water colour will
also be discussed. Levrasjon has the least colour of all the lakes, not
exceeding 8 mg. Pt per litre, followed by Havgardssjon, Heljesjon,
Gyllebosjén and Rébelovssjon, all with richly developed hottom vege-
tation. On the other hand, the brownest waters are to be found in Fjill-
fotasjon, Kvesarumssjon, Tjornarpssjon and Araslovssjon. These con-
ditions are relaled to the supply of waler to the lakes (cf. Lunpa 1951).
The remaining lakes are more or less randomly distributed between
these two groups. It is apparent that all combinations between the salt
concentration and the humus content can exist. On the whole it is
possible just by measuring the lake colour (cf. LUNDH 1951, table 3 p. 24)
to obtain an idea of the relative content of humus, even if there are
exceptions.

Specific conductivity. This factor is used as a measure of the total salt
content and in limnological literature it is very often regarded as iden-
tical with the content of nutrients. As already mentioned it is a very
complex property which is not as significant as is generally considered.
In the lakes studied here the conductivity of the hydrogen ions might
be disregarded as the pH is above 7. According to Robur (1949) the
following ions mainly constitule the specific conductivily in lake waters:
Ca, Mg, Na, K, Cl, SO, and HCO,.

A survey of the values is given in the diagram in figure 1, which shows
that if the lakes are arranged according to increasing specific condue-
tivity a relative smooth curve is obtained from Vistersjon to Yddingen.
According to this curve the lakes cannot be divided in well delimited
classes as far as this factor is concerned. The main part of the lakes
had a specific conductivity between 200 and 300, Only four exceeded this
value and those are situated on the southwestern plain and the Kristian-
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Fig. 1. The variation of the specific conductivity, non-volatile solids (mg. per litre)
and chloride (mg. per litre) in the lakes arranged according to increasing speeific

conductivity. The lakes are represented by number (cf. table 1) instead of names.

stad plain. The remaining lowland lakes belonged to the group 200 to
300. The group between 100 and 200 contained two lakes on the ridge

Dagstorpssjén and Kvesarumssjon), Tunbyholmssjon,

Linderddsasen (
100 included two lakes

Fjallfotasjon and Hammarsjon. The group below
(Tjornarpssjon and Bosarpssjon), Araslovssjon, Viis-
o last-mentioned have apparently abberant
all the remaining lakes. The lake Araslovs-
Smalindska Hégland and thus
and RODHE 1942).

on Lindertdsisen
tersjon and Rosjon. The tw
vegetation in comparison to
sjon is supplied with water from the
is relatively deficient in electrolytes (cf. ABERG

Total solids. The content of total solids is likewise a complex factor,

s i.a. salls, clay particles, dry substances from algae and

which contain
ays according to the local

humic substances. Thus it differs in many w
variations of these factors.

Non-volatile solids. The amount of mnon-v
general features the specific conductivity,
depending upon, for example, the content of clay

In the studies of the cations there is a gap in the analyses as no
determinations of sodium have been performed at all, because this ion

olatile solids followed in
but it devialed somewhat,
particles.
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is not regarded as an essential nutrient. However, this ion naturally
may be present in relatively large quantities (¢f. LOHAMMAR’s analyses
from the lowland lakes in Uppland, 1938).

Calcium and bicarbonate. Figure 2 illusirates the variations in the cal-
cium and bicarbonate contents in the lakes, which are arranged in the
same order as in figure 1. It is very apparent that these qualities vary
in the same manner as the specific conductivity, and that these two
ions are quantitatively predominating. The amount of calcium was

C
generally equivalent to that of HCO; (figure 2). The quotient ﬁ%
3

varies mostly between 0.7 and 1.3. Some marked exceptions were found
in Tjornarpssjon and Araslévssjéon with 0.5 and Hammarsjon, Vister-
sjon and Rosjon with about 2. Probably the aberrations were partly
due to the fact that the method for determinations is not quite accurate
for small quantities of HCO; (cf. STEEMANN-NIELSEN 1944).

As regards the calcium content of different lakes it may be noted
that Vombsjon and Krankesjon, which are situated in sandy areas with
acid leached grounds were rich in calcium. Gyllebosjoén, which lies in
a district generally regarded as deficient in this substance, had also a
high concentration. The same held true for Kvesarumssjon, which in
comparison to the other lakes on Linderédsdsen was rich in calcium.

Magnesium. Compared with calcium the quantities of magnesium and
also of potassium are small. The former varies between 9.5 (Yddingen)
and 1.0 (Araslovssjon). Thus the concentration was highest in the real
lowland lakes and lowest in the water from the Smalidndska Hoégland.

Iron. This element showed an irregular variation both within a lake
and between different lakes. The most prominent aberrations were
found between Araslévssjon-Hammarsjéon and the remaining lakes,
thus demonstrating a difference between the lakes. The same was also
applicable to a certain extent as regards magnesium, but here Hammar-
sjon was richer.

Potassium. The variation was comparatively slight between 1.1 and
6.0 mg. per litre. As regards the soils surrounding the lakes LUNDH
(1951) has found that no regional differences can be established. It
seems to be very striking that Heljesjon, which according to the usual
terminology must be regarded as a typical eutrophic lake, had an
average potassium contenl of only 1.5 mg. per litre, which is about
the same conceniration as that of Vistersjon and Rdsjon, both with a
divergent vegetation.

o



157

R VO Y Y W o |
305124227_1191725232021213282729139412516101438672611151

o N (ML) GO N [ O N S N [ [N ST (N WS [ O (LAY O O |

Fig. 2. The variation of calcium and bicarbonate (mEq. per litre) in the lakes
arranged according to increasing specific conductivity.

Chloride. The chloride generally follows the variation of the specific
conductivity. The quotient of the lakes richest and those poorest in this
element is about 2. No lake showed such a high content as has been
found in the polluted Scanian rivers (cf. ANDERSSON and LUNDH, 1948),
which is due to the fact that the degree of contamination by sewage is
lower in the lakes. THUNMARK’s invesltigations in the so-called nutrient-
rich lakes in Sédermanland established that these lakes have the same
chloride content as the lakes on Linderédsasen and somewhat lower
values than Vistersjon and Roésjon on Hallandsasen, though containing
a vegetation of the same species as the pronounced Scanian lowland
lakes. Perhaps the Scanian lakes have throughout a higher concentra-
tion of chloride because of their situation near the Swedish west-coast.
Such a relation has been observed by WITTING (1948) in mire-waters
as regards sodium and magnesium. The lakes in Uppland richest in
chlorides had about the same concenirations as the richest lakes in
Scania, probably due to their position in areas previously transgressed
by the sea.

Sulphate. Among the anions this ion showed the most apparent varia-
tion in addition to bicarbonate. The concentration was highest in the
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most typical lakes on the plains with the highest specific conductivity,
namely Yddingen, Krankesjon and Rébel6vssjon, but also Vombsjén
and Gyllebosjon were included in this group with average concentra-
tions varying between 37 and 44 mg. per litre. The content was lowest
in Araslévssjon, Vistersjon and Résjon, which, as already mentioned,
have a deviating vegetation. Sévdeborgssjon is uncertain as only one
determination is available.

Nitrate. The nitrate concentration was low in comparison to the anions
mentioned hitherto. Sometimes in spring, however, higher values have
been found, perhaps due to effects from manuring the fields in winter
and spring (cf. Yddingen, Borringesjon, Snogeholmssjon and Vomb-
sjon). High values have also been found in spring in Ringsjon (according
to a private communication from civil engineer Eric BENGTSSON, Hal-
singborg). During the summer the nitrate content does not generally
exceed 1 mg. per litre and no significant differences seem to prevail.

Silicic acid. The concentration of soluble silicic acid was also relatively
low and of about the same order of magnitude in all the lakes.

Phosphorus. Unfortunately comparatively few values are available and
they often showed a strong variation even in the same lake. In the
autumn of 1947 with an extremely low water-level prevailing, the phos-
phorus content in all the lakes was high, perhaps depending upon a
leaching from the sediments near the shore and a concentration by
evaporation of water. From the mean values it is impossible to obtain
a clear picture of the variation in the phosphorus content in the dif-
ferent lakes. It seems, however, as if the most salt-rich lakes have {he
highest concentration, even if there are exceptions.
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The relationships between water chemistry
and geology.

LunpH (1951 p. 22) has summarized the characteristic geological
features of the surroundings of the investigated lakes and expressed
some assumptions about the dependence of the salt content upon the
geological conditions. It may be of certain interest to discuss the question
if these assumptions agree with the results of the water-analyses.

If the lakes situated on Archaean bedrock (Vistersjon, Rosjon, Dags-
torpssjon, Kvesarumssjon, Tjornarpssjon, Bosarpssjon and Finjasjon)
are compared with the remaining lakes, mostly situated on the plains,
one finds a difference in the total content of electrolytes, which is
gradual as already mentioned (p. 154). The lakes on the Archaean rocks
have the lowest salt content. Araslovssjon and Ilammarsjén are not
included here, as they have special water conditions.

Of the Archaean lakes, however, two are divergent with higher con-
centrations of electrolytes, namely Kvesarumssjon and Finjasjon. The
higher values are found as regards almost all the studied ions.

The lakes most deficient in salts of the Archaean lakes are Vistersjon
and Rosjon, which also have a divergent vegetation. Furthermore, they
are situated in an area poorer in lime than the other lakes of this type,
which are surrounded by more or less limy moraine (LuNDH 1951, p. 17),

The lakes on the Kristianstad plain, Ribelovssjon and Levrasjon, the
bottom of which sometimes is formed by cretaceous rocks, would
a priori have a water richer in calcium than any of the remaining lakes.
This is not the case, however, but on the south-western plains some
lakes are to be found with the same high content. Thus Yddingen has
the water which is richest in calcium. It is also impossible to establish
whether Réabelovssjéon and Levrasjon are richer in phosphate or more
influenced by culture. The latter factor is very difficult to study exactly.

Of the lakes situated in the south-western Scania Borringesjon,
Krageholmssjon and Ellestasjén should be those most influenced by
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culture, as they are mainly surrounded by fields, but this is also difficult
to prove. The total salt content is almost the same as in the lakes on
the Kristianstad plain.

The three lakes on the Vomb plain Heljesjon, Vombsjon and Kranke-
sjon are all rich in lime, in spite of their position in a leached sand
plain, and they are all rich in salts. This agrees with the statements
made by LUNDH.

Gyllebosjon and Tunbyholmssjon, both lying in an area of sand-
stone moraine in south-eastern Scania, should according to their posi-
tion have a relatively low content of calcium in their water, probably
of the same degree as the lakes on Linderddsdsen. This holds also true
for Tunbyholmssjon, which agrees with Kvesarumssjon and Finjasjon.
Gyllebosjon, however, is a typical lime lake. This is probably due to the
influences of lime occurrences in the moraine and the glaciofluvial
deposits originating from the Kristianstad plain or the Baltic.

Finally, Ringsjon situated in the centre of the province, in the transi-
tion area between Archaean bedrock and the plains, also forms an inter-
mediate in salt concentration.



The effects of outlets of sewage in the lakes.

As LunpH (1951) already has discussed the Scanian lakes have been
affected by culture in many respects. The problem is whether or not
such influences can result in notable changes in the ion concentrations
of the lake waters. In this connexion two sources of pollution will be
discussed, namely the direct outlet of sewage in the lakes and the in-
fluences of manuring the fields.

An outlet of sewage into a lake is generally accompanied by an
enormous development of plankton algae (¢f. THUNMARK 1945 a and
RoDHE 1948) but the changes in the composition of the higher vege-
tation and in the salt concentrations of the water seem to have been less
studied.

Only a few of the invesligated lakes receive waste water from fac-
tories and communities namely the following.

Vombs jon: its tributary Bjorkadn is recipient for the commu-
nities Vollsjo, Lovestad and Sjobo. This river had a relatively high

specific conductivity (table 5) which is caused mainly by the high con-

tent of calcium bicarbonate, but the other ions seemed to he of the
same concentrations as in Vombsjon.

Sévdesjon (the northern part): the village Sévde with a dairy.

Eastern Ringsjoén: the river Horbyin is recipient for the
sewage from the market town Horby, From the analyses performed by
the water-works of Hilsingborg no marked differences in the ion con-
centrations of the different parts of Ringsjon were to be found (cf.
ANDERSSON 1948). On the other hand there was a higher concentration
of bacteria in Eastern Ringsjon than in Western Ringsjon.

Sdatoftasjon (the northern part of Eastern Ringsjon) is polluted
by water from the market town Hoor.

Hammars jon: recipient for the sewage from the city of Kristian-
stad.

Finjasjon: recipient for the sewage from the city of Héssleholm.

Moreover some lakes receive waste water from seasonal factories, e.g.,

o

WJ



z2

g

0

167

starch factories, namely Krankesjon, Rébeldvssjon (at Rabelév and
Osterslov), Oppmannasjon (at Kiaby and Norregird) and Levrasjon.

Finally most lakes receive some polluted water from farms during all
the year,

Usually it is not possible to study the changes in the ion content hy
pollution as no analyses are available from earlier times. A good ohject
for such studies, however, is Hammarsjon, through which the river
Helged flows. If no pollution had taken place it could be assumed that
the river at the outlet from Hammarsjon would have a water similar
to that above Kristianstad. Thus if the water of Helgea is analyzed
before the entrance into Hammarsjon and after passing the lake it
should be possible to study the effect of pollution. Perhaps a reservation
should be made here. The lake contains many reed swamps and it is
possible that the water is not absolutely uniformly mixed, bul larger
concentrations of sewage may be found in well sheltered parts of the
lakes especially at low water. Table 6 illustrates some values from a
study from Helged and Hammarsjon. It proved that compared with
Torsebro a marked increase in electrolyles was found at Pynten, where
the sewage was mixed wilh a relatively small volume of lake walter. Al
Kavrd, however, the increase was relatively insignificant, probably due
to greater dilution. The most apparent fealure was the increase in sul-
phate. Naturally if the conversion of water in Hammarsjon had heen
less it is probable that the increases in ion concenlrations would have
been stronger. Such large sources of pollution are not situated at the
other lakes and for this reason they are not suited for studies of
this type.

By rich precipitation a more or less strong leaching of the salts and
organic substances from artificial manuring, natural manuring and the
remains of animals and plants in decomposition takes place on the
surface of the fields. The dissolved compounds are transported in the
surface water by brooks and runnels into the lakes. It is impossible to
calculate the amounts of such substances, as the leaching occurs mainly
during rich precipitation and then the concentration of the salts in the
brooks is very low, As regards the lakes on the plains, however, the
quantity seems to be of a rather large order of magnitude, as they
generally are surrounded of fields. From this leaching the high con-
tents of nilrale in the lakes apparently originate,

A study of the values from the investigated tributaries (table 5), all of
which belong to the plains with the exception of Lirkesholmsén, shows
that the contents of electrolytes are generally higher than in the reci-
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pient lake. The amounts of calcium and bicarbonate predominate and
are often present in large quantities. The magnesium and potassium
contents deviate only slightly from those of the lakes, The chloride con-
tent is somewhat higher and the same is also true of sulphate. A very
apparent feature is also the high content of nitrate and sometimes also
the high phosphorus concentration.

The larger concentrations of electrolytes in the brooks do not evidently
depend upon the leaching from the fields as most of the analyses have
been made when the water flow has been slight, but it must be due to
the fact that the brooks contain ground water, which on its way through
the soil has leached salts. This is especially marked in Larkesholmsan,
running through a district poor in fields. The high concentration of
nitrate and phosphorus are partly due to this leaching, partly to sewage
from farms. The electrolyte conlent of the tributaries probably plays
a rather unimportant part in the composition of the lake water, as the
water supply from the brooks is insignificant in relation to the total
water volume of the lake.

The lake contains a mixture of ground water and surface water, as
it constitutes a reservoir for the large volumes of rain and melted snow
which do not penetrale the soils. Consequently the lake water must be
more diluted than the ground water and the tributaries when the pre-
cipitation is low or lacking. For the same reason the higher values of
electrolytes in the brooks compared with the lake do not necessarily
originate from a strong influence by culture.

As is evident from the discussion above it is very difficult to discover
the influences of sewage on the concentrations of electrolytes in the lake
walers. Since a great source of pollution is necessary only Hammarsjén
is suitable for such a study, but the conditions in this lake do not quite
agree with other lakes on account of the large variations in the water.
A slight increase has, however, been discovered in Hammarsjon, and it
is assumable that this would have been greater in a smaller lake with
less conversion. As regards the influence of manuring it is impossible
to study its effects by analyses of the water in the brooks.



Discussion.

It is clear from the table given by LUNDH (1951, pp. 120 to 121}, that the
recorded water plants are not uniformly distributed over all the studied
lakes. Only some have a ubiquitous distribution. Some are apparently
restricted to the lakes on the plains and other to the lakes situated on
Archaean rocks. The lakes thus differ in some of their vegetation.

The results from the chemical studies have also established that there
is a variation in the concentrations of the ions, even if it is more or less
marked. The differences are especially large for calcium, bicarbonate
and sulphate, and less for magnesium, potassium and chloride. Excep-
tions, however, are encountered. On the other hand the contents of
nitrate, phosphorus and iron and the hydrogen ion concentration do
not show any significant differences.

If the total concentrations of the ions are calculated for the most
electrolyte-rich lake Yddingen and for the most electrolyte-deficient, for
example Rosjon, the following results are obtained:

Yddingen Roésjon
Cations mEq. ............ 4.40 0.70
Anions mEq. ............ 5.32 0.85

The differences between the cations and the anions are mainly due
to the undetermined sodium. From these values it is evident that the
salt content is about 6 to 7 times greater in a typical lowland lake than
in a lake on Archaean rocks. Generally the quotient does not amount
to this value as Yddingen is extremely rich in salts.

As regards nitrate, phosphorus and potassium, which belong to the
most important nutrients for the plants, it may be stated that the dif-
ferences between the lakes are less than would be expected a priori.

As already mentioned the variation is most pronounced in the content
of calcium bicarbonate. By experimental investigations upon the effects
of the pH and bicarbonate on the growth of Ceratophyllum and Elodea
STEEMANN-NIELSEN (1944) has shown that the content of bicarbonate

9
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is of decisive importance for the development of these two plants and
not the pH. Perhaps the different contents of bicarbonate in the low-
land lakes and in the Archaean lakes might partly explain the aberra-
tions in the vegetation.

This investigation like LOHAMMAR’s has established that it is impos-
sible to draw any conclusions about the distributions of the species from
the content of common ions in lake waters. Even if still more thorough
analyses were performed it would be impossible to solve the problem
in this way, as the ion content is only a small part of the big complex
of mostly unknown factors which together constitute the environments.
Furthermore only a vague idea of the total salt content and the meta-
bolism in the lake is obtained from single analyses. On the whole in-
formation of the actual requirements of nutrients, trace elements and
other growth factors cannot be achieved from an investigation of this

type.



Summary.

In the summers of 1946, 1947 and 1948 the author has studied the
concentrations of some ions together with some other factors in the
water from 31 Scanian lakes, the vegetations of which at the same time
were investigated by Asta LUNDH. The problem was to establish the
characteristic features of the electrolyte concentrations and if possible
to study whether or not there is any simple correlation between the
ion concentrations and the distributions of aquatic plants. The fol-
lowing ions have been studied: Ca, Mg, Fe, K, Cl, SO,, NO,, PO,, SiO,,
and HCO; and of other factors: pH, KMnO,-consumption, specific con-
ductivity, total solids, non-volatile solids, total hardness and colour.
The analytical methods are described.

The most striking result is the variation found in the concentrations
of Ca and HCO; in the different lakes. The concentrations of the other
ions agree more or less or the variation is heterogeneous. No significant
differences seem to occur. As regards the common plant nutrients, K,
P and NOj, no apparent differences between lakes with aberrant vegeta-
tion seem to be present from the values here given. It is impossible to
discover the origin of the variant lake vegetation from an investigation
of this type as the salt concentration is only one factor of the large
complex forming the environments and it gives no contribution to the
knowledge of the true requirements of the individual species.
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