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Abstract. The total phosphorus cantent of the surface water of 95 small Estonian lakes
was determined during the period 1978—1990. In the case of 23 investigated mesotrophic
lakes the range of total phosphorus was 14—30 mg P/m?®, the average was 16 mg P/m?%;
for eutrophic lakes (56) the range was 20—56 mg P/m® with the average value 30 mg
P/m?; total phosphorus for hypertrophic lakes (16) ranged from 54 to 171 mg P/m3, with
the average of 86 mg P/m?® There was a clearly decreasing trend in the phosphorus con-
centration during the period 1978—1990. In the years 1984—1990 (except the year 1987)
the phosphorus level was about two times below its levels of 1978 and 1981. The de-
creasing trend in the phosphorus content was well revealed_ in the majority of intensively
studied lakes. The decrease in phosphorus <oncentrations is probably connected with the
rich-in-water period which started in the late 1970s.
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‘Phosphorus and nitrogen are the two elements widely accepted as the
key chemical factors determining the productivity of lakes and, aceording-
ly, controlling the degree of eutrophication. Phosphorus, in particular, has
attracted attention in the research of eutrophication. As there is now a-
general agreement that phytoplankton is phosphorus-limited in the majo-
rity of lakes, the management of eutrophication is based mainly on phos-
phorus control.

Most studies conducted in Estonia on phosphorus up to the 1970s
dealt with the determination of phosphate ions (Riikoja, 1940; Eesti jar-
ved, 1968; Vortsjdarv, 1973) in Estonian lakes. Our hydrochemistry team
of the Institute of Zoology and Botany of the Estonian Academy of Scien-
ces has been studying total phosphorus concentrations in Estonian lakes
since 1978. The aim of this paper is to give a regional survey of total
phosphorus concentrations of surface waters in small lakes of Estonia
during the period 1978—1990.

Material and Methods

The lakes under study are located mainly in South-East and South
Estonia, only those of Vooremaa are situated in the eastern part of the
republic in the Jogeva District. The number of the lakes studied each
year ranged between 18 and 44. One group of iakes (17) was studied
during 6—9 years, another (44) during 2—5 years, and the rest of the
lakes (34) only during one year. The lakes were sampled three times in
1978: in the water circulation periods in spring (May) and autumn (Sep-
tember) and in the summer stagnation period (July). In 1979 the lakes
were sampled only in May. From 1981 to 1990 the lakes were sampled
on an average five times (from 4 to 8) alter the ice-out (in most years
early May, only in 1989 and 1990 early April) until late August or early
September. Water samples were collected from the surface water. A total
of 1373 analyses were made. Total phosphorus was determined after per-
sulfate oxidation with the colorimetric method using ascorbinic acid and
ammonium molybdate (Reports..., 1977).
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As some lakes were studied intensively during several years while
others were sampled only a few times during one year, the quality of the
data is variable and it is difficult to -compare them;. therefore,.all the
data were processed by the analysis of variance. The effect of the lake,
the effect of the observation year (1978...1990), and the effect of the
observation month (May ... September) were selected as factors. All data
~values were transformed to their logarithms prior to statistical analysis,

Results and Discussion

Table 1 shows the total phosphorus content of the surface water of
95 small Estonian lakes during the period 1978—1990. The trophic state
of the lakes studied ranged from mesotrophic to hypertrophic. The lakes
were classified using three most essential parameters of the trophic state
(total phosphorus, chlorophyll a, and water transparency) developed by
us (Mnanyc et al., 1987). The studied lakes were ranked from the lowest
trophic state to the highest. Considering all three parameters, the lowest
trophic state was found in L. Nohipalu Valgjirv and the highest in L.
Pappjédrv. The total phosphorus values in Table 1 represent the arithmeti-
cal and geometrical mean values, the latter from the analysis of variance.
Since in our earlier papers (Milius et al., 1987; 1988, 1989; Kovask, Milius,
1989; KuiBack, Muanyc, 1989) the arithmetical mean values of phosphorus
concentrations were published for several lakes, we now considered it
advisable to present, together with the geometrical mean values calcula-
ted from the analysis of variance, also the arithmetical mean values. The
range of the observed arithmetical mean values of phosphorus was some-
what different (13—212 mg P/m3) from the geometrical mean values
(14—171 mg P/m3).

As one can see from Table 1, the difference between the arithmetical
and geometrical mean values is insignificant in the case of some lakes
(Inni, Saagjarv, Peitlemde, Tillijarv, Roikajdrv) with the arithmetical
mean being slightly smaller than the geometrical mean. In some cases,
however (lakes Viisjaagu, Rouge Suurjirv, Kisejdrv, Liinjérv), this
difference is quite noticeable, the arithmetical mean being considerably
bigger than the geometrical mean. The difference between the arithme-
tical mean and the geometrical mean calculated from the analysis of
variance is due to the fact that the arithmetical mean shows the mean
phosphorus of the lake in the year under study and it depends on the
frequency and time (month) of sampling. The geometrical mean calcu-
lated from the analysis of variance shows the phosphorus content of the
lake during a certain period independent of the year or sampling times.
Thus, the table gives information about the exact phosphorus content of
the year (or years) studied, which was obtained from analysis (arithme-
tical mean), and the prognosticated phosphorus content for the 1980s (geo-
metrical mean). The difference arising between the arithmetical and geo-
metrical means results from the decreasing trend of the phosphorus
content during the period.

In the case of 23 investigated mesotrophic lakes the range of total
phosphorus was 14—30 mg P/m3, the average was 16 mg P/m3; for
eutrophic lakes (56) the range was 20—56 mg P/m® with the mean value
30 mg P/m3; total phosphorus for hypertrophic lakes (16) ranged from
54 to 171 mg P/m3, with the average of 86 mg P/m3.

Changes in the phosphorus concentrations of the surface water of the
95 lakes studied during the years 1978—1990 are presented in Table 2
and illustrated in Fig. 1. The whole observed range of phosphorus was
from 19.9 to 51.6 mg P/m3. The phosphorus concentration trend was clearly
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Table 1
Total phosphorus concentrations (mg P/m?) in small Estonian lakes

Lake Number Arithm. Geom

Lake catalogue Year of mean mean

Ne * samples| = S.E. i

1 2 3 4 b 6
Nohipalu Valgjirv 1297 1978—79; 1982—83 22 9162 392 141 07
Viike-Palkna 1517 1981 2 975+ 25 193% 23
Piigandi 1084 1979; 81—86; 1990 38 174 23 .. 163 0.7
Inni 1200 1987—90 23 125+ 1.2 144+ 038
Hino 16556 1979 1 30.0 21.8+ 3.8
Peitlemde 1054 1987—89 17 141137 7182+ 09
Roksi 1170  1987—89 18 13.1+ 09 146% 038
Pulli 1552 1979; 1981 4 350143 198+ 19
Saagjérv 1047  1987—89 18 13.3£ 1.2 144508
Udsu 1177 1978; 1981—86 30 180 1,6-017. 1708
Uiakatsi 1238 1979; 81—86; 1990 39 18:1%: 21 . 1159% 0.7
Koorkiila Valgjirv 1180 1978; 81—86 30 1708 145,167+ 0.8
Virtsjarv 1178 1987—89 18 146211 " 163+"09
Tillijarv 835 1984 4 130 37 -136x 13
Saadjirv 653 1978—79; 81—86 35 23.3+°25 171708
Viisjaagu 924  1979; 81—83 19 293+ 50 184+ 1.0
Torva Vanamaisa 1000 1984—86 16 126+ 1.8 148% 08
Rouge Suurjérv 1403 1981 3 403+ 94 244+ 26
Kisejarv 1532 1981 3 46.0+219 219+ 23
Kooraste Koverjarv 1232 1981 4 415120 129520
Tougjarv 1400 1981 3 33.0+ 9.0 19.0+ 2.0
Liinjary 1404 1981 3 4971135 297+ 31
Roikajdrv 834 1984 4 14.0£ 3.7 - 146k 143
Prossa 568 1981 3 46.3+191 238+ 25
Kooraste Suurjirv 1236  1979; 81; 90 13 3021 2. 1271
Joksi 1224 3979; 81—83; 85—86; 35 2143 2.1, 119909
0

Agali 847 1978; 81—83; 85—86 34 WIE 267247211
Rouge Ratasjirv 1401 1981 3 39.33:11 3123325
NGo Suur-Karujdrv 935 1979 1 28 20.3+ 3.5
Tsolgo Pikkjarv 1282 1982—83 9 319427 5,285 19
Tuuljdrv 1413 1979 1 42 30.5+10.8
Piihajarv 1053 1978; 1981; 86—90 36 94 1=t-95 239+ 1]
Kaariku 1059  1987—89 18 183# 09 207+ 12
Jaanuse 1038  1987—89 18 223+ 23 241+ 14
Paidra 1284 1982—83 9 28127 2537
Nouni 1013  1978; 81—82; 90 19 s o e e 8 e o
Pikrejérv 1171  1978; 87—89 21 256.0& 36 233+'13
Rouge Valgjirv 1405 1981 5 596+ 70 3563+ 3.0
Kavadi 1437  1979; 81 3 447+ - 62 202+ .29
Kooraste Pikkjarv 1230 1984; 90 10 179+ 1.6 - 2474 06
Kirikumée 1447 1981 3 603+223~ 31833
Karijarv 843 1979; 81—82 10 48.0+139 31.0= 2.0
Vaskna 1443 1979 1 52 37.8+ 6.6
Vissi 727 1979 1 47 34.1+ 6.0
Kasaritsa Verijarv 1381  1979; 81—82; 90 15 354+ 48 313+ 2.1
Tornijarv 1057 1983 5 2129951 220410
Kaussjarv 1402 1981 5 46.6+ 83 259+ 23
Vagula 1261 1978; 90 9 D272 NI 26
Kuremaa 554 1981 6 583+109 31.5% 25
Lavatsi 851 1978; 81—86 43 369+ 38 1120.9.1.2
Vasula 753  1978; 79; 81 10 50+ 937 32.2% 2,1
Kiidjarv 1107  1978; 81 7 62.0+ 43 39.7+ 3.0
Kasaritsa Valgjary 1380 1979; 81—82; 90 13 355+ .60 326+ 19
Holstre 904 1984 4 358+ 38 433+ 42
Erastvere 1228 1979; 81—83; 90 21 434+ 37 386+ 20
Partsi Kortsijarv 1128 1978 3 520+ 46 368+ 3.9
Otepdd Valgjarv 1077 1978 3 503+ 88 344+ 3.7
Vidrike 1203  1984; 90 11 330+ 35 43.8% 28

* Kask, 1964,
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Table 1 (continued)

1 2 3 g o Lo
Laanemetsa 1179  1987—89 18 N7 26 31+ 20
Petajarv 1166  1978; 82—83; 85—86 28 400+ 42 397 20
Kurnakese 1037  1987—89 18 43.1+ 7.2 429+ 25
Kuningvere 588 1981 5 740+138 375+ 3.2
Elistvere 651 1978 3 360420 2654 27
Pangodi 1006 1978; 81—83; 85—86; 35 354 30 343+ 16

90
Karsna 1275 1982—83 9 52.0+10.8 44.3%x 3.0
Viljandi 828 1981 3 66.7x11.1 359+ 3.8
Vellavere Kiilajarv 925 1978—79; 81—83 21 552+ 5.1 394+ 20
Kubija 1378 1981 9 206+ b0 3l.7x 22
Miha 1048 1987—90 24 313+ 22 449+ 23
Viike-Juusa 1041  1987—89 18 341+ 34 365+ 2.1
Otepdd Karnjérv 1051  1987—90 24 30.5+ 23 356 1.9
Verevi 932 1978—79; 81; 83—89 . 45 50.3+ 46 463 20
Annejérv 1277 1982—83 9 604+ 69 543+ 3.7
Kaiavere 571 1978 3 6E0£120 419+ 95
Saare 573 1981 5 63.6+=14.1 33.0x 2.8
Pilkuse 1042 1987—89 18 #0733 4414 2B
Vana-Koiola 1249 1982—83 9 55.2+ 4.1 504+ 3.5
Kadastiku 1184 1987—89 18 426+ 44 456% 26
Kaarepere Pikkjirv 569 1981 3 60.0+16.1 348+ 3.7
Raigastvere 650 1978 3 49.7+ 40 351+ 38
Tamula 1262 1978; 90 9 50.4+ 80 56.2+ 3.9
Jddva 1173 1987—89 18 538+ 7.3 . 562% 32
Juusa 1055 1981—83; 85—89 45 56.0+ 4.2 550+ 24
Lasva 1290 1982—83 10 788% 4.1 710+ 47
Linaleojarv 1289  1987—89 18 7942135 T1.8+ 4.1
Holstre Linajérv 902 1984 4 55.0+ 88 65.6+ 6.3
Viike-Kodijarv 1010 1978 3 8210+:220 542+ 58
Kodijarv 1009 1982—83; 85—86 20 BaBE b7 - 611+ 32
Ruusmie 1537 1979 1 222 161.3+28.1
Kokora Mustjérv 587 1981 6 1400252 75.1+ 6.0
Laose Valgjarv 831 1984 3 148.7+43.0 161.0=174
Kriimani 948 1978; 80; 81—86 39 114.0+ 9.0 1013+ 4.4
Kooraste Linajéarv 1233  1979; 81—86; 90 36 110.0+ 86 1162+ 5.2
Otepdd Pikajarv 1078 1978; 82—86 29 139.1+14.4 137.4% 6.5
Pappjérv 1379  1979; 82—86; 90 33 2RO 57 Y11.3%779

Table 2

Range of arithmetically averaged values and geometrical mean values
of total phosphorus concentrations (mg P/m?3)
in small Estonian lakes

Year Number Number Arithm. Geom. mean
of lakes of samples Min. Max. #=S°E,
1978 25 83 19.7 163.3 459+1.9
1979 o2 22 15.0 270.0 37.1+£2.0
1981 44 201 27.5 192.1 51.6x=1.9
1982 30 154 17.0 465.8 37.1+1.4
1983 28 138 10.0 431.3 338.1%1.2
1984 18 73 8.5 174.5 27.3%1.1
1985 18 125 94 132.6 24.2+0.9
1986 19 94 9.6 92.0 22.2+0.9
1987 20 101 13.0 92.0 34.0x+14
1988 20 123 9.2 79.0 24.7%+1.0
1989 20 138 11.9 70.7 26.9+1.1
1990 20 119 9.2 109.5 19.9+0.8
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Geometrical mean values of phosphorus concentrations (mg P/m3+S.E.) in small Estonian lakes
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Fig. 1. Trend of total phosphorus concentration in small Estonian lakes
during 1978—1990.
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Fig. 2. Changes of total phosphorus concentration in mesotrophic (Piigandi, Uiakatsi)
and eutrophic (Pangodi, Verevi, Juusa) lakes during 1978—1990.
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Fig. 3. Changes of total phosphorus concentration in hypertrophic (Kriimani, Pappjdrv)
lakes.

decreasing during the years under study. The highest mean concentrat.on
was found in 1981 and the lowest in 1990, with a certain increase in 1987.
In the years 1984—1990 (except the year 1987) the phosphorus content
was about two times below its contents in 1978 and 1981. Table 2 gives
the maximum and minimum arithmetically averaged values of phosphorus
for each year. The same tendency of the phosphorus concentration decrease
was observed in the minimum and maximum averaged values during the
years under study.

The decreasing trend in the phosphorus content was well revealed
in most intensively studied lakes (Table 3, Figs. 2, 3). The maximum
content of phosphorus was observed in 1981 which decreased twofold or
more during the years studied. In mesotrophic lakes the phosphorus con-
tent amounted to 23—34 mg P/m® in 1981, but already by 1983 it had
decreased down to 12—16 mg P/m?3, and the tendency of decrease conti-
nued up to 1986 and 1990 (Table 3, Fig. 2).

Also, when comparing the phosphorus values of eutrophic lakes in
different years the same trend can be seen — from 37—60 mg P/m?® in
1981 to 13—28 mg P/m3 in 1986 (Table 3). Changes of phosphorus con-
centrations in hypertrophic lakes were the greatest. The maximum con-
centrations (160—425 mg P/m®) were recorded in 1978 and 1981—1983,

128



which had decreased down to 54—109 mg P/m? in 1986 and 1990. No
decreasing trend in P concentrations can be observed in the surface water
of lakes Verevi and Juusa (Fig. 2). The minimum P values in L. Verevi
were recorded in 1984 (25 mg P/m3) and 1986 (28 mg P/m®), and the
maximum phosphorus content in 1983 (70.4 mg P/m?®). The picture of P
fluctuations in L. Juusa (Fig. 2) is to some extent different: the minimum
P content (34 mg P/m3) was observed in 1981 (when the P content was
the highest in the other lakes), and the maximum values in 1988 and 1985
(64 and 63 mg P/m3, respectively). No clear decrease in the P content
was noted in the hypertrophic L. Kooraste Linajarv (Table 3). The mini-
mum values (72—85 mg P/m3®) were determined in 1985—1986, some
higher values (109 mg P/m?) occurred in 1990, which indicated the same
phosphorus level as at the beginning of the 1980s. In the remaining inten-
sively studied hypertrophic lakes (such as Kriimani, Otepda Pikajarv, and
Pappjarv) the same pronounced decrease in the P content was observed
during the period (Table 3, Fig. 3). Among the lakes studied the highest
P concentrations were recorded in L. Pappjarv, reaching 425 mg P/m? in
1982; P content was significantly lower in 1986 and 1990 (5—8 times) as
compared to that of 1982.

The same tendency of the P concentration decrease was observed in
the surface water of L. Ladoga during 1980—1985 (CoBpemeHHOe cocTos-
HHe ..., 1987). The maximum mean values of phosphorus concentration
(32—28 mg P/m3) were recorded in the spring and summer of 1980—1981;
by 1984 and 1985 the concentration had decreased to 24 mg P/mé3.

In Estonia the greatest source of phosphorus pollution is agriculture,
since our lakes are affected by it or are located in agricultural landscape.
As the catchment areas of small lakes are small, a great role in their pol-
lution is played by point pollution, especially from farms, municipal
sewage, and saunas. Fertilizers from fields have a smaller effect, but it
can be multiplied by their improper use (such as the spreading of manure
on snow, careless sowing of mineral fertilizers from planes, etc.). Sowing
mineral fertilizers on snow has been prohibited already since 1978 and
the spreading of manure in winter since the early 1980s. The decrease in
phosphorus concentration is probably connected with the rich-in-water
period starting in the late 1970s, which has improved the trophic state of
lakes as a result of the flushing out of the lakes and their catchment areas.
It can be suggested that less phosphorus from the catchment area reaches
waterbodies owing to the above-mentioned protection measures. Causes
of the increase of phosphorus in 1987 are not known to us, and this prob-
lem would need further study.
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