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ABSTRACT: In the Masurian Lakeland a me­
dium size catchment basin of the Jorka river-lake 
system (about 65 km2) was studied intensively in 
1996-1998 (April- October) and compared with the 
data from the late 1970s. Nutrients (TP, TKN, 
N-N03) and chlorides were monitored in 15 short 
lakeshore streams draining small subcatchments 
that differed in land use. The annual and monthly 
concentration values of nutrients were measured as 

1well as the annual load in kg ha- 1 year- • 

The data indicate that in a mosaic, hilly region 
the export rates from the diversified small catch­
ments of both TP and TN tend to be low, lower than 
in other, non-mosaic areas; the values of export rates 
are mainly dependent on the discharge in the subcat­
chments; that is why the values for 1998 and/or 
1997 were usually lower than for other years. 

There is a tendency to lower concentration for 
nutrients (including chlorides) and export rates in 
the subcatchments objected to low impact of agricu­
lture (forest, wetland) than in the subcatchments do­
minated by cropland. Extremely high values were 
found for a few catchments with cropland, additio­
nally polluted by sewage disposal in the vicinity. 

KEY WORDS: eutrophication, nitrogen, phospho­
rus, land use, long-term study 

1. INTRODUCTION 

Runoff of nutrients from the catchment 
determines significantly the rate of lake 
eutrophication. Runoff from catchments de­
pends on many factors such as relief and land 
use, distribution and size of crop fields, 
meadows, forests, and wetlands. Nitrogen 
and phosphorus export from agricultural 
areas, intensively grazed areas, and built-up 
areas is generally higher than from forests 
and meadows, and especially from wetlands 
that function as barriers and filters (Reko­
lainen 1989,Burt eta/. 1993,Hillbricht­
Ilkowska 1995, Tiessen 1995, Hakala 
1998, Rzepecki 2000) and can retain nutri­
ents (Kufel 1991, Vought et al. 1994, 
Hillbricht-Ilkowska et al. 1995, Raisin 
1996, Uusi-Kamppa et al. 1997). To con­
trol the rate ofnitrogen and phosphorus trans­
port, not only the protection and restoration 
ofwetlands is needed (Mitsch 1992, Wel­
lerandWang 1996,Haycocketal. 1997), 
but also the appropriate distribution of crop 
fields, their size and proximity to cultivated 
land, and distance from open waters. For this 
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reasons, a mosaic landscape provides oppor­
tunity to control the rate of nutrient export 
from farmland, in which crop fields are inter­
spersed with the areas of no agricultural use. 
Diversified relief, structure of land use, and 
plant cover, also fairly stable agricultural use 
should minimize the nitrogen and phospho­
rus export to lakes. 

The nitrogen and phosphorus runoff 
from the catchment is regulated by both hy­
drological processes and land management 
(Zalewski et al. 1997). Nutrient transport 
largely depends on the landscape structure, 
including the structure and management of 
the catchment, and number and distribution 
of crop fields (Rekolainen 1989, Burt et 
al. 1993, Hillbricht-Ilkowska et al. 
2000). Changes in land management, in­
crease in the cover of farmland and decrease 
in the number of wetlands give rise to in­
creased nutrient runoff (Mander et al. 
2000). Nitrogen and phosphorus export from 
mosaic, diversified land with moderate agri­
culture should be lower as compared with 
that from less diversified landscape in terms 
of its relief and use (Hillbricht-Ilkowska 
1989). 

These issues can be analysed in a long­
term study on nitrogen and phosphorus ex­
port and its variation in time and space in a 
catchment with mosaic landscape under 
forest-agricultural use, such as the lakeland 
landscape of north-eastern Poland (the Baltic 
Lakeland Belt), carved during the last glacia­
tions (about 15 000 years ago). 

Detailed questions analysed in this paper 
concern: 

• Relationships between the discharge 
and nutrient concentration. 

• Long-term trends in nutrient export 
from the study area. 

• The role of land use in controlling nu­
trient runoff and loading to lakes. 

2. STUDY AREA 

The study areas were located in the 
catchment of the Jorka river (53°45'N to 
53°53'N, 21°25'E to 21°33'E). It occupies 
63 km2 of the Masurian Lakeland, north­
eastern Poland. The river flows through 5 
lakes and is supplied by a dozen streams. The 
catchment represents a typical postglacial 
landscape with heterogeneous landforms, 

land use and cover (Bajkiewicz­
Grabowska 1985) (Fig. 1). The land use 
(arable land contributes to 30-50% of the 
area) and land cover are highly mosaic. 
Mozgawa (1995) estimated that the mean 
size of wetland and meadow patches in 
a comparable landscape fragment was 
0.64-1.89 ha, that afforest patches 1.95-4.50 
ha, and cropland size varied from 1.87 to 3.89 
ha. High fragmentation of landscape patches 
is a consequence of the diversified relief of 
this area (Hillbricht-Ilkowska 1999), for 
example, the mean number of patches per 
km2 in the catchments was 1-12 for meadows 
and pastures, 3-15 for crop fields, and 2-7 for 
forest (Rybak 2002). The spatial pattern of 
cultivated fields is relatively stable and fer­
tilization is moderate (60 NPK ha- 1). Forest 
fragments and wetlands (swamps, peatbogs, 
mid-field pools) occur as distinct patches, as 
well as continuous zones of bog vegetation 
along lake shores and river banks. These 
zones function as barriers decreasing the load 
of nutrients transported with surface and 
groundwater runoff to the lakes (Rzepecki 
2002). Moraine relief is dotted with many de­
pressions without outflow (Hi llbricht­
Ilkowska 1999). The mean size of depres­
sions overgrown with reeds, sedges, alders, 
willows, and birches (Hillbricht­
Ilkowska et al. 2000) varies from 0.2 to 4 
ha. The relief is also diversified. It consists of 
numerous ridges and hills, steep slopes, river 
channels and stream valleys (B a j k i e w i c z­
Grabowska 1985, Hillbricht-Ilkowska 
et al. 2000). The use ofthe catchment shows a 
long-term stability; the basic configuration of 
crop fields remained unchanged for 20 years 
(Bajkiewicz-Grabowska 1985, Traczyk 
and Kloss 1985, Rybak 2002). Preserved is 
spatial division of the whole catchment into 
the upper part with a low agricultural impact, 
middle part with a moderate agricultural im­
pact, and lower part with a high agricultural 
impact (Fig. 1 ). In the surroundings of Lake 
Majcz (Fig. 1), where agricultural use is the 
least developed (Rybak 2002), patches 
functioning as moderate barriers, such as for­
ests and pastures, are most numerous. Their 
alternate distribution - meadows and pasture 
patches being interspersed with forest 
patches of various sizes, may promote the 
minimalization of nutrient export. In the sur­
roundings of Lake Jorzec (Fig. 1), with the 
best-developed agricultural use (Ry b a k 
2002), the proportion of efficient barrier 
habitats (wetlands), is the highest of all the 
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Fig. I. Outline of the Jorka river catchment: land cover and the monitored streams. 

other lake catchments. Crop fields and built­ monthly intervals from April through Octo­
up land occupy large areas (Rybak 2002), ber from 15 streams supplying lakes of the 
and often they are not interspersed with habi­ J orka catchment, at their outlets to lakes 
tats acting as strong barriers such as wetlands (Fig. 1). Subsamples were taken close to the 
and depressions without outflow, or moder­ lake shore line across the stream width, and 
ate ban·iers such as forests and pastures. Con­ they were combined to obtain a representa­
sequently, the transport of nutrients from the tive sample. 
catchment may be high. To determine the concentration of 

chemicals in water samples the following 
techniques were used, according to the Stan­
dard Methods (Golterman et al. 1978): the 

3. METHODS molybdate method for total phosphorus, 
Solorzano method for Kjeldahl nitrogen, 

Seasonal and annual variation in the con­ Griess method for nitrate nitrogen, and Mohr 
centration of total phosphorus (TP), Kjeldahl method for chlorides. The electrolytic con­
nitrogen (TK.N) (the sum of N-NH4 and N­ ductivity was measured by the WTW con­
org.), and nitrates (N-N03) flowing with sur­ ductivity meter. 
face waters to the lakes of the Jorka river ba­ The velocity of water in streams was 
sin were examined in 1996-1998. In measured with a hydrometric flow-meter 
addition, the concentration of chlorides and Hega 1 (a 10% error was involved in these 
changes in electrolytic conductivity ofwater measurements, B aj ki ewicz-Grab ows ka 
were analysed. Samples were taken at et al. 1993). It was recorded once a month 
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Table I. Characteristics of the monitored streams (see Fig. I) 

Stream subcatchment 
- No. of sampling 

Subcatchment type and 
agricultural impact* 

Area of 
sub-catchment 

Periodicity of 
stream** 

Dischar:fe range 
Q (m s- 1) in 

point (see Fig. I) (ha) April-October 1996- 1998 

Majcz - I Pasture/forest 99 p 1996 - 0.0003 - 0.202 
L 1997- 0.0003 - 0.014 

1998 - 0.0003 - 0.015 

Majcz - 2 Pasture/forest 292 p 1996 - 0.0003 - 0.085 
L 1997 - 0.0003 - 0.036 

1998 - 0.0003 - 0.018 

Majcz - 3 Pasture/forest 30 1996 - 0.0003 - 0.004 
L 1997 - :50.0003 

1998 - 0.0003 

Majcz - 4 Pasture/forest 45 p 1996 - 0.0003 - 0.014 
L 1997 - :5 0.0003 

1998 - 0.0003 - 0.005 

Inulec - 5 Agricultural/ 298 p 1996 - 0.0003 - 0.530 
forest 1997 - 0.0003 - 0.004 
M 1998 - :50.0003 

Inulec - 6 Agricultural/ 263 1996 - 0.0003 - 0.004 
pasture 1997 - :50.0003 
M 1998 - 0.0003 - 0.0082 

Inulec - 7 Agricultural 14 p 1996 - 0.0003 - 0.004 
M 1997 - :50.0003 

1998 - 0.0003 - 0.010 

lnulec - 8 Agricultural 80 p 1996 - 0.0003 - 0.006 
(intensive cattle breeding) 1997 - :50.0003 
M 1998 - 0.0003 

lnulec - 9 Agricultural 78 1996 - 0.0003 - 0.006 
M 1997 - :50.0003 

1998 - 0.0003 - 0.0054 

lnulec - 10 Agricultural 42 1996 - 0.0003 - 0.002 
M 1997 - :50.0003 

1998 - 0.0003 - 0.006 

Gl~bokie - 11 Agricultural 32 p 1996 - 0.0003 - 0.016 
M 1997 - 0.0003 - 0.0005 

1998 - 0.0003 - 0.003 

Gl~bokie - 12 Agricultural/ 104 p 1996 - 0.0003 - 0.008 
pasture 1997 - 0.0003 - 0.009 
M 1998 - 0.0003 - 0.015 

Jorzec - 13 Agricultural 35 p 1996 - 0.0003 - 0.256 
(communal sewage 1997 - 0.0003 - 0.084 
disposal in the vicinity) H 1998 - 0.0003 - 0.126 

Jorzec - 14 Agricultural 1176 p 1996 - 0.0003 - 0.457 
(communal sewage 1997 - 0.0012 - 0.088 
disposal in the vicinity) H 1998 - 0.0003 - 0.100 

Jorzec - 15 Agricultural/ 26 p 1996- :50.0003 
pasture 1997- :50.0003 
H 1998 - <0.0003 

*L, M, H - lake subcatchments with low, moderate and high agricultural impact (see Fig. 1), 
**P - permanent, I - intermitted. 
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when water samples were taken. Sensitivity 
limit of the flow-meter was 0.0003 m3 s-1

• 

The streams drain basins of different 
sizes (from 14 to 1176 ha) (Table 1 ). In most 
cases, these are small catchments below 100 
ha. The streams under study comprised drain­
age ditches in farmland, drainage pipes 
(streams no. 7 and no. 11), and natural 
streams (no. 14). Some of them could dry out 
in summer (intermittent streams). 

The catchment under study was subdi­
vided into three groups of subcatchrnents ac­
cording to their use and cover areas: with a 
low agricultural impact (catchments of 
streams no 1-4, draining areas predominantly 
covered with forests and meadows); areas 
subjected to moderate agricultural impact 
(streams no. 5-12, draining cropland); areas 
with high agricultural impact (streams no. 
13- 15, draining areas under intensive agri­
culture and heavy anthropopressure (sewage 
disposal in the vicinity) (Fig. 1) (Rybak 
2002). 

It was assumed that nitrogen and phos­
phorus concentration characterized the mean 
values for successive months (April-Octo­
ber) . For each month, the export of nutrients 
was calculated as a product of their concen­
tration and water discharge from 1 ha of the 
catchment. The sum of loads over the period 
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April-October was considered to approxi­
mate the annual load. 

Load values of phosphorus and nitrogen 
calculated for 1996-1998, were compared 
with those calculated by Hillbricht­
Ilkowska and Lawacz (1983) and 
Lawacz eta/. (1985)forthesamesubcatch­
ments in 1978; also the data on chlorides for 
1978 were compared with those for 
1996-1998. 

4. RESULTS 

4.1. DISCHARGE IN RELATION TO 
PRECIPITATION 

The majority of monitored streams were 
active all year round. Only four of them -
nos. 3, 6, 9 and 10 usually dried up in summer 
(Table 1 ). Occasionally more streams are also 
dried up for several weeks. In the study pe­
riod, discharge from monitored streams 
ranged from less than 0.0003 m3 s-1 to 0.580 
m3 s-1 (Table 1 ). On the average, the highest 
monthly discharge was noted in April, but it 
largely differed from year to year (Fig. 2) . 
Mean annual discharge was the highest in 

31996 (0.07106 m ) and the lowest in 1997 
(0.009106 m3) (however year-to-year differ-

1998 

01996 

~ 1997 

. 1998 

Fig. 2. Mean annual and 
monthly discharge (n=15) in 
the monitored streams (Fig. I , 

September October Table I). 
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1997 1998 

Fig. 3. Annual (A) and 
monthly (B) sums of 
precipitation in 1996-1998 
for the Jorka river catchment 
(data of Meteorological 
Station, Mikolajki, Masurian 

A S 0 N D Lakeland). 

ences were not statistically significant, annual sum of precipitation was 593 mm. 
p>0.05) (Fig. 2). In contrast, the sum of pre­ Over the study period, the winter- spring sum 
cipitation in the period from April to October of precipitation varied from 90 to 168 mm 
was the lowest in 1996, while higher and (cumulated data for the period Janu­
similar in 1997 and 1998 (Fig. 3). The mean ary- April) and in summer from 125 to 148 
stream discharge was higher in spring than in mm (cumulated data for the period 
summer (Fig. 2) . This was a result of spring July-August) (Table 2). The lowest precipi­
flood and snow melting, whereas in summer tation for both the winter-spring period and 
(July) even heavy rains only weakly influ­ the summer period were noted in 1996, and 
enced stream discharge because of a high soil the highest in 1998 (Table 2) . No relationship 
permeability. A short intense rainfall could was found between the monthly sum of 
give rise to a short-lasting local increase in precipitation and mean monthly stream 
discharge however ineffective to renew the discharge (Fig. 4) (also in Hillbricht­
streams. The annual sum of precipitation in Ilkowska et al. 2000). In 1996, although the 
1996 was 463 mm and it was the lowest ofall sum of precipitation was low in the 
the years (Fig. 3) . A higher annual precipita­ winter- spring period, the mean spring dis­
tion was noted in 1997 and 1998 - nearly 600 charge was high. An opposite situation was 
mm (Fig. 3), but the highest precipitation oc­ noted in the spring this year; a high precipita­
curred in July (to 100-200 mm). In 1998, the tion in May (84 mm), accompanied a low 

Table 2. Mean (n= l5) monthly discharge (m3 s- 1
) in the streams under study and the sum of precipitation 

(mm) (provided by Meteorological Station in Mikolajki, Masurian Lakeland) 

Year Discharge (m3 s- 1) Precipitation (mm) 

Spring (April ) Summer (August) Winter-spring1 Summer2 

1996 0.1054 0.0061 90 125 

1997 0.0091 0.0013 118 137 

1998 0.020 0.017 168 148 

January-April. 2Ju1y-August. 
1
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mean discharge. A similar situation was 
noted in 1997 and 1998. The highest precipi­
tation in 1997 was noted in July (127 mm), 
whereas the mean discharge ofall the streams 
was at the limit of measurement sensitivity 
(0.001106 m3 month-1

). In June of 1998, the 
mean discharge was only 0.007106 m3 month-1 

at a monthly sum of precipitation of 100 mm, 
whereas the highest discharge was noted in 
April at precipitation of56 mm. In some cases, 
the relationship between the sum of precipita­
tion and mean discharge was opposite. 

4.2. CONCENTRATION AND EXPORT 
OF TOTAL PHOSPHORUS (TP) 

There was a great variation in the TP 
concentration among different streams, sea­
sons and years. The range of variation cov­
ered 5 orders ofmagnitude from 0.0001 to 1.1 
mg 1- 1• The average of annual TP concentra­
tion for all monitored streams was lowest in 
1978 (0.05 mg 1- 1) and highest in 1996 (-0.20 
mg 1- 1

). Although the stream-to-stream varia­
tion in those years was very high, no statisti­
cal difference was found neither among 
streams nor among years (Fig. 5). 

During the period of 1996-1998 the 
highest annual mean TP concentration (for 
the group of 15 streams) was noted in 1996 
(0.21 mg 1-1) and the lowest in 1998 (0.13 mg 
1- 1) (Fig. 5). 

In 1996, the mean TP concentration for 
all the streams varied from 0.07 mg 1- 1 (in Oc­
tober) to 0.36 mg 1- 1 (in April); in 1997 from 
0.05 mg 1- 1 (in October) to 0.218 mg 1- 1 (in 
July), and in 1998 from 0.064 to 0.199 mg 1- 1 

(in April and May, respectively) (Fig. 6). 

. i 
() 1996 

0 1997 

A 1998 

Fig. 4. Relationship between 
0 monthly sums of precipitation and 

mean monthly discharge (from 
100 120 140 April to October) in the monitored 

streams (Fig. 1, Table 1). 
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Fig. 5. Mean annual TP concentration (mg r 1) in the 
monitored streams (n= 15) (Fig. I, Table I) (data 
1978 ace. to Lawacz et al. 1985). 

In the spring period (April-June), the 
highest TP concentration was recorded in 
1996 (in April 0.36 mg 1- 1), and the lowest in 
April1978 (0.048 mg 1-1

) (Fig. 6). A similar 
situation occurred in the summer period - in 
1996 highest value was in August (0.25 mg 
1- 1). However differences between seasons 
were not statistically significant (p>0.05). 
Although a high TP concentration in April 
were combined with high discharges (Fig. 2), 
in the remaining months, high TP concentra­
tion accompanied low discharges (in August 
and September). 

In 1996, 1997, and 1998, the highest TP 
concentration were noted in stream no 7 (see 
Fig. 1, Table 1) draining crop fields (where 
maximal concentration was 0.95 mg I- 1

), in 
stream no. 13 receiving communal sewage 
(5.36 mg 1- 1), and in stream no. 14 receiving 
flow directly from crop fields (0.53 mg 1- 1

). 

Differences were observed in average 
TP concentration between catchment groups 
that differed in agricultural use (Figs 1 and 7). 
The highest TP concentration occurred in the 
stream no. 7 and streams nos.l3 and 14 (Ta­
ble 1 ), draining catchments with high agricul-
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tural impact and with communal sewage. 
Significant differences (p<0.05) were ob­
served between streams draining areas with 
moderate and high agricultural impact (in 
1978, the area under low agricultural impact 
was not sampled). 

TP concentration seem to increase over 
the 20 year period (Fig. 5) from 0.06 mg I- 1 on 
the average in 1978 (Hillbricht-Ilkowska 
and Lawacz 1983) to 0.14-0.21 mg I-1 in 
1996-1998, and it was highest in June (0.54 
mg 1- 1) and July (0.31 mg I- 1) . In all the 
months, the maximum concentration (signifi­
cantly higher than in other streams, p<0.05) 
was noted in stream 14 draining catchments 
under high agricultural impact and heavy an­
thropopressure. Similarly high concentration 
in this stream occurred in 1996-1998 (5.36, 
1.14 and 3.65 mg 1-1, respectively). 

The export rate of TP from 1 ha of the 
catchment to lakes was estimated as a product 
of concentration and discharge. The sum of 

DI978 
OI996 
l!illi997 
.1998 

Fig. 6. Seasonal changes 
in mean monthly TP 
concentration (mg r 1) in 
the monitored streams 
(n=I5) (Fig. I, Table I) 
(data 1978 ace. to 
Lawacz et al. I985). 

September October 

1996 

moderate high 

1998 

Fig. 7. Mean monthly TP 
concentration (mg r 1) 

during April-October in 
catchment categories that 
differed in agricultural 
impact (see Fig. I, Table I) 
(data I978 ace. to Lawacz 

moderate high et al. I985). 

TP export rates from April to October was as­
sumed to be close to the annual export. There 
was a great variation in the annual export 
rates for different catchments, seasons and 
years; it ranged from 0.0001 to 10 kg TP ha- 1 

year-1• However the most (75%) data ranged: 
0.001 to 1 kg TP ha-1 year- ' in 1978; 
0.1 tol.O kg TP ha- ' year- 1 in 1996; 
0.001 to 0.1 kg TP ha- 1 year- ' in 1997; 
0.001 to 0.1 kg TP ha- ' year- ' in 1998. 
So, the range of values for 1996 was the 

narrowest and concentrated around higher 
values than in other years. 

The mean (n= 15) annual TP export for 
successive years was not significantly differ­
ent; the respective values were as following 
(kg TP ha- ' year- 1): 

0.21 ( 0.52) in 1978; 
0.71 ( 1.36) in 1996; 
0.01( 0.29) in 1997; 
0.31 ( 0.94) in 1998. 

https://0.14-0.21
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There is however a tendency to lower ex­
port rate in 1997 and 1998 than in 1996. 

The highest export rate of TP in the pe­
riod from April to October was noted in the 
catchment of stream no 13 receiving commu­

1nal sewage (Fig. 8) (-5 kg ha-1 year- ). Also 
the highest export rate was observed in 
streams draining agricultural catchments i.e. 

1streams no. 7 (0.06-0.95 kg TP ha-1 year ), 

no. 13 (1.14-5.36 kg TP ha-1 year1) and no. 
14 (0.12-0.53 kg TP ha-1 year-1). In other 
streams the annual TP ex~ort was not higher 
than 1.13 kg TP ha-1 year- . Generally, TP ex­
port was significantly higher (p<0.05) in the 

1.77 

catchments subjected to high agricultural im­
pact (Fig. 9). The difference between catch­
ments with low and moderate agricultural 
impact was not significant (p>0.05). 

The highest export rate occurred in 
spring (April and May) during the periods of 
the highest discharge, and in 1996 it was sig­
nificantly higher (p<0.05) than in summer 
(0.3 kg TP ha-1 year-1 in April and 0.02 kg TP 
ha-1 year-1 in August) (Fig. 10). The highest 
export rate in these months was a conse­
quence ofboth high discharge and high phos­
phorus concentration in these streams. 

5.36 

p .65 

1.50 D 1978 
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l!illl997 
1.7.11998 
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Fig. 8. Annual TP export (during 
April-October) from individual 
subcatchments of the monitored streams 
(Table 1) and four years (data 1978 ace. 
to Lawacz et al. 1985). 

high 

Fig. 9. Mean annual TP 
export (April-October) 
from catchment 
categories that differed 
in agricultural impact 
(n=3-8) (see Fig. 1, 
Table I) (data 1978 
ace. to Lawacz et al. 

high 
1985). 

https://0.12-0.53
https://1.14-5.36
https://0.06-0.95
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4.3. CONCENTRATION AND EXPORT 
RATE OF TOTAL KJELDAHL 

NITROGEN (TKN) 

The TKN concentration values for 
streams, seasons and years ranged between 
0.01-10.0 mg 1- 1, i.e. four orders of magni­
tude. 

The highest mean (for the group of 15 
streams) annual concentration from April to 
October were noted in 1978 (1.91 mg 1- 1) and 
1996 (1.73 mg 1-1), and the lowest in 1997 
(1.26 mg 1- 1), whereas in 1998, the mean 
TKN concentration in all the streams over the 
study period was 1.36 mg 1- 1 (Fig. 11). In 
1996, mean concentration in all the streams 
varied from 0.67 mg I-1 (in October) to 2.50 
mg 1- 1 (in June); in 1997 from 0.65 to 1.72 mg 
1- 1 (in October and July, respectively) and in 
1998 from 0.71 to 2.0 mg 1-1 (in September 
and May). In 1978 very high TKN concentra­
tion in July was noted (Fig. 12). Anyway­
most of the all data for year and season 
ranged between 1.0 and 2.0 mg 1- 1 and do not 
show the high variation. The TKN concentra-
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Fig. I 0. Seasonal changes in 
monthly TP export 
(April-Dctober) from the 
subcatchments of the 
monitored streams (n= 15) 
(see Fig. I, Table I) (data 
1978 ace. to Lawacz et al. 

September October 1985). 
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Fig. 11. Mean annual TKN concentration (mg r 1
) in 

the monitored streams (n=l5) (see Fig. I , Table I) 
(data 1978 ace. to Lawacz et al. 1985). 

tion is not related to discharge (compare Figs 
12 and 2). 

The differences observed in mean annual 
TKN concentration for catchment groups that 
differed in their agricultural use (Fig. 13) 
were very small and were not significant 
(p>0.05) among years and from stream to 
stream. 

The TKN concentration did not change 
over the period of 20 years (Figs 11, 12), 
mean concentration values m 1978 
(Hillbricht-Ilkowska and Lawacz 

D 1978 
D 1996 

ISII997 

.1998 

Fig. 12. Seasonal changes in 
average TKN concentration 
(mg r 1) for monitored streams 
(n=l5) (see Fig. I , Table 1) 
(data 1978 ace. to Lawac z et 

April May June July August September October al. 1985). 
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1983) were not significantly (p>0.05) higher 
than in 1996-1998. 

The rate of TKN export from 1 ha of the 
catchment to lakes was estimated as a product 
of concentration and discharge. The sum of 
the TK.N export during April- October was 
considered as close to the annual export. The 
majority of values for respective years varied 
between: 

0.5 - 10.0 kg ha- 1 year- 1 in 1978; 
0.1 - 10.0kgha- 1 reac1 in 1996; 
0.05 - 10.0 kg ha- year-1 for both 1997 

and 1998. 
However most cases were concentrated 

around 1.0 kg ha- 1 year-1 in 1978 and 1996 
and around 0.1 kg ha-1 year- 1 in 1997 and 

13 .34 6.58 15.93 

1997 

moderate high 

Fig. 13 . Mean annual 
TKN concentration (mg 
dm- 1

) during April­
-October in catchment 
categories that differed in 
agricultural impact 
.(n=3-8) (data 1978 ace. to 
Lawacz eta/. 1985). 

1998. There was obvious tendency to low 
rates in last years of study. 

The highest mean annual TKN export 
rate (n=15) was noted in 1996 (6.49 kg 
ha-1year-1), and the lowest in 1997 (1.15 kg 

1ha-1year- ), whereas in 1998 it was equal to 
3.02 kg ha-1year-1. In 1978, the mean annual 
export rate from the study catchments was 
8.72 kg ha- 1year- 1 (Hillbricht-Ilkowska 
and La wacz 1983), and it was the highest of 
all the study years . However year-to-year dif­
ferences were not statistically significant 
(p>0.05) because of a large variation in ex­
port rate over the catchments. Statistically 
significant differences (p<0.05) were noted 
only between 1978 and 1997, but there was a 
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Lawacz eta/. 1985). 
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Fig. 15. Annual TKN export 
(April-October) from catchment 
categories that differed in 
agricultural impact (n=3-8) (data 
1978 ace. to Lawacz et al. 
1985). 
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declaiming trend to decrease TK.N export 
rates from 1978 to 1998. 

The highest export rate ofTK.N in the pe­
riod from April through October was noted in 
all the years in the stream receiving commu­
nal sewage, that is, in stream no 13 (Fig. 14). 
The highest export rates were observed in the 
streams draining agricultural catchments 
(streams nos 7, 12, 13, 14, Table 1). They 
were significantly higher (p<0.05) than from 
the remaining catchments with low or moder­
ate agricultural impact (Fig. 15). The differ­
ence between catchments with low and 
moderate agricultural impact was not statisti­
cally significant (p>0.05). 

The highest export rate was observed in 
spring (April, May, and June), and in 1978 

also in July, when discharge was the highest 
(Fig. 16). The highest export rate during that 
period was associated mainly with a high dis­
charge and high TK.N concentration. 

4.4. CONCENTRATION AND EXPORT 
RATE OF N-N03 

The range of variation in all values of 
N-N03 concentration for streams, seasons 
and years was wide and varied from 0.001 to 
6.01 mg 1- 1• 

Mean annual N-N03concentration in all 
streams was the highest in 1997 and the low­
est in 1998 (0.61 versus 0.13 mg I- 1, respec­
tively) (Fig. 17), and differences between 
1996 and 1998, as well as between 1997 and 
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Fig. 17.. Mean annual N-N03 concentration (mg r 1) 

in the monitored streams (n=IS). 
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1998 were statistically significant (p<O.OS). 
A higher mean concentration was observed in 
the spring and summer 1997 and 1998 than in 
autumn (Fig. 18) and in both 1996 and 1997 
in comparison with 1998. It can be said that in 
the whole year 1998 the concentration of 
N-N03 was extremely low in all streams and 
seasons (Fig. 18). In 1996 and 1998, no sig­
nificant differences were found (p>O.OS) be­
tween catchments that differed in agricultural 
impact (Fig. 19). Only in 1997, differences 
between catchments with low and moderate 

agricultural impact were significant 
(p<O.OS). 

Export rate of N-N03 from 1 ha of the 
catchment to lakes was estimated (as the 
product of concentration and discharge) . The 
sum of N-N03 monthly export during the 
April-October period was assumed to be 
close to the annual value. The annual value of 
all data varied between 0.001 to 10 kg ha-1 

year-1, but the range for 1996 and 1997 was 
narrow and in most of the cases between 0.01 
and 0.1 kg ha- 1 year- 1• The range of N-N03 

Cl 1996 

&!'11997 

.1998 

Fig. 18. Seasonal changes in average 
monthly N-N03 concentration (mg r 1) in 

October the monitored streams (n=IS). 

1997 

moderate high 

Fig. 19. Mean annual N-N03 

concentration (mg r 1) during 
April-October in catchment 
categories that differed in 
agricultural impact (n=3-8). 

export rates for 1998 was wide (0.001-1.00 
kg ha- 1year- 1), but most of the cases concen­
trated around 0.01 kg ha-1 year-1• One could 
say that, like concentration, also the N-N03 
export rate was lower in 1998 than in the pre­
vious years. 

The highest mean annual export of 
N-N03 during the study period was noted in 
1996 (1.34 kg ha-1year- 1), and a lower in both 
1997 (0.14 kg ha- 1 year-1) and 1998 (0.22 kg 
ha-1 year-1). In 1978, N-N03 was not ana­
lysed. Although large differences were ob-

https://0.001-1.00
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served between 1996 as compared with 1997 
and 1998, they were not statistically signifi­
cant because of a large scatter of data. The 
highest annual export rate was noted, like for 
TP and TKN, in stream no 13- the receiver of 
communal sewage, and also in stream no. 14 
(Fig. 20). The highest N-N03 export rate in 
the period April-October was noted in 
streams draining catchments with high agri­
cultural impact, but differences between 
catchment categories were smaii and statisti­
caiiy not significant (Fig. 21). The highest ex­
port rate occurred in spring (April and June) 
but only in 1996 it was significantly higher in 
spring (p<0.05) than in the other months 
(Fig. 22). The highest expmt rate in that pe­
riod was related with high discharge and high 
N-N03 concentration in the streams affected 
by high agricultural impact. 

[]1996 
~ 1997 
1111998 

Fig. 20. Annual N-N03 export 
(April-October) from individual 

13 14 15 subcatchments of the monitored 
streams. 

1997 

moderate high 

Fig. 21. Annual N-N03 

export (April-October) from 
catchment categories that 
differed in agricultural impact 
(n=3-8). 

4.5 . CHLORJDES AND WATER 
CONDUCTIVITY 

The highest mean annual chloride con­
centration in streams (Fig. 22) was noted in 
1978 (25 mg J-1) and it was statistically 
higher than in other years, but differences be­
tween 1996-1998 were not significant 
(p>0.05). The higher cl- concentration in 
stream water in 1978 was observed each 
month (Fig. 24). Chloride concentration was 
much higher in agricultural catchments com­
pared with forest catchments: 30 mg J- 1 in 
catchments with high agricultural impact, 
about 25 mf I- '. with mode~ate impa~t, and 
<10 mg I- with low agncultural Impact 
(Fig. 25). Differences between catchments 
that differed in agricultural impact were sta­
tistically significant in 1996, 1997 and 1998 
(p<0.05). No differences were found 
(p>0.05) in chloride concentration between 
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spring and summer in all the catchments and 
years. 

Electrolytic conductivity was measured 
in 1997 and 1998. In both these years the an­
nual mean values were about 500 !J.S cm- 1• 

No significant differences were found be­
tween these years, nor between categories of 
streams, except for the spring of 1997, when 
lower values ( 400-450 !J.S cm-1) were found 
(Fig. 26). The conductivity in streams drain­
ing catchments with low and moderate agri­
cultural impact differed significantly 
(p<0.05). Also differences between the 
spring and summer of 1998 were significant 
(p<O.OS) (Fig. 26). 
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Fig. 23. Mean annual er concentration (mg r1
} in 

the monitored streams (n=l5} (data 1978 ace. to 
Lawacz et al. 1985). 
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Fig. 22. Seasonal changes in 
monthly N-N03 export 
(April-October) from the 
subcatchments of the monitored 

September October streams (n= 15). 

4.6. NITROGEN PHOSPHORUS (N:P) 
RATIO 

BasingonLawacz eta!. (1985), the ni­
trogen to phosphorus ratio was calculated for 
1978. The mean value of this index in 1978 
(100) was much higher than in 1996-1998. 
The highest mean N:P ratio in waters of all 
the streams was noted in 1978- close to I 00. 
In the years 1996--1998, the respective values 
were much lower (18-38) (Fig. 27). In most 
cases, this ratio was the highest in streams 
draining catchments with low agricultural 
impact, and it was the lowest in streams 
draining catchments with high agricultural 
impact (Fig. 28). In waters of streams cross­
ing the land under high agricultural impact 
(catchments with a high proportion of crop 
fields and fertilized meadows, also human 
settlements), the N:P ratio was the lowest 
over the study period, and also in 1978. These 
streams carried high, often the highest of all 
the streams, loads of phosphorus in both 
1996-1998 and 1978. The highest N:P ratio 
was found in 1978 in streams draining catch­
ments with moderate agricultural impact, 
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Fig. 24. Seasonal changes in 
average er concentration (mg 
r 1 

) in the monitored streams 
April May June July August September October (n=15) (data 1978 ace. to 

no data for April , May and June 1996. Lawacz et al. 1985). 
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Fig. 25 . Mean annual er concentration (mg r 1
) 

1978 1996 1997 1998 during April-October in catchment categories that 

year differed in agricultural impact (n=J-8) (data 1978 
ace. to Lawacz et al. 1985). 
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Fig. 26. Mean annual values of 
conductivity (April-October) in the 
monitored streams (n=l5) (A) and 
changes in monthly values of 
conductivity for monitored streams 

April June August October (n=15) (B). 

Fig. 27. Mean annual N:P ratio in the1978 1996 1997 1998 
monitored streams (n=l5) (data 1978 ace. 

year to Lawacz et al. 1985. 
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Fig. 28. Mean annual N:P ratio in three sub­
catchments that differed in the agricultural impact 
(data 1978 ace. to Lawacz et al. 1985). 

whereas in 1998 in streams flowing through 
areas with low agricultural impact. In streams 
draining areas with low agricultural impact, 
differences in N:P ratio between years were 
statistically significant (p<0.05). In streams 
flowing through subcatchments with moder­
ate agricultural impact, N:P ratio signifi­
cantly decreased since 1978, and in 
1996-1998 it was maintained at the similar 
level. No significant differences (p>0.05) 
were found between years in streams cross­
ing subcatchments with high agricultural im­
pact 

5. DISCUSSION 

and CONCLUSIONS 

A comparison of the rate of annual ex­
port of nitrogen and phosphorus from 1 ha 
of the catchment with literature data 
shows that it was low in the diverse lake­
land landscape subjected to forest/agricul­
tural use. 

A large variation was found in the export 
rates of nitrogen and phosphorus from sub­
catchments of the river Jorka system in both 
time and space. 

Comparing the annual export ofN and P 
from the Jorka river catchment with that 
found by various authors with respect to land 
use in the catchment, it may be concluded 
that it was low (Kajak 1979, Hillbricht­
llkowska 1989, Hillbricht-llkowska et 
al. 1995): phosphorus export from predomi­
nantly agricultural land varied between 0.06 
and 0.8 kg ha-1 year-1, and from mostly forest 
land between 0.05 and 1 kg ha-1 year- ' . Ac­
cording to_Rekolainen (1989), phosphorus 
export vaned from 0.11 to 0.16 kg ha- year-1 

in catchments under forests and pastures, and 
from 0.9 to 1.8 kg ha-1 year-1 in agricultural 
catchments. K u f e 1 (1991) noted that the 
phosphorus export from agricultural areas 
varied between 0.45 and 3.60 kg ha-1 year- ', 
and from a forest catchment between 0.06 
and 4.07 kg ha-1 year-1• Nitrogen export 
showed a similar pattern. The highest nitro­
gen export was noted in streams draining ag­
ricultural catchments. Kaj ak (1979) found 
that nitrogen export from farmland varied 
from sev~ral to several ten k~ ha- I reac1

' 

whereas 1t was several kg ha- year- from 
meadows and pastures. Also nitrogen export, 
like that ofphosphorus, was generally similar 
in the Jorka catchment as compared with 
those found by Rekolainen (1989) and 
Hakala (1998): 0.9-1.8 kg ha-1 rear- ' of 
phosphorus and 7.6-20 kg ha-1year- ofnitro­
gen from agricultural areas, whereas 0.1 k~ 
ha-1 year-1 of phosphorus and 2.0-2.7 kg ha­
year- ' of nitrogen from forest areas. 

There were no consistent long-term 
trends in nutrient concentration and ex­
port rates during the study period: in the 
late 1970s and the late 1990s. 

Year-to-year variation was significant 
(three to five orders of magnitude) as well as 
variation among the 15 study subcatchments. 
However, the respective values for 1997 and 
1998 i.e. the years with a low average dis-
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charge tended to be lower than for years with 
a high discharge (1996). It is why the 
monthly highest values of rates are usually 
found in the spring period i.e. April-May. 

During the study period, differences 
in nutrient export rates were maintained 
among the three areas under differential 
agricultural impact. 

Differences were found in the concentra­
tion and export of TP and TKN between 
catchments with different agricultural impact 
(Fig. 1). The largest differences occurred be­
tween catchments with low and high agricul­
tural use, and lower between catchments with 
low and moderate agricultural impact, proba­
bly as a result of too small differences in land 
use between the two categories. Differences 
were also observed in N-N03 export from the 
catchments with low and high agricultural 
impact. The export rate of N-N03 from the 
catchment with a high agricultural impact 
was higher than from the catchment with low 
and moderate agricultural impact. This was 
also the case of chloride concentration. Dif­
ferences in their concentration were lower in 
streams draining catchments with low agri­
cultural impact than in other streams. Ac­
cording to Kaj ak (1979), the lowest export 
rates of nitrogen and phosphorus occurred in 
forests and meadows, and the highest in areas 
with intensive agriculture and animal hus­
bandry. 

Also the nitrogen to phosphorus ratio 
was the lowest in streams flowing through 
agricultural catchments. During the present 
study period as well as in 1978, this ratio was 
lower in streams draining farmland than 
in streams draining catchments with low 
agricultural impact. Areas subjected to high 
agricultural impact, permanently and inde­
pendent of discharge maintained N:P ratio 
characteristic of eutrophic conditions 
(10-29). Less transformed areas were more 
variable from year to year (from 20 to 131), 
especially in the period of spring thawing, 
when in 5 cases out of7, N:P was higher than 
in summer. In 1996, a very high discharge in 
spring mobilized N and P, and heavy erosion 
removed both nutrients in similar propor­
tions, hence this ratio was rather low ( 18-21 ). 
In the areas of intensive agriculture, the N:P 
ratio ranged 10-29 (being close to Redfield 
ratio) and could enhance eutrophication, in­
dependently of discharge and nutrient loads. 
Less transformed lands were less variable 
from year to year, especially in the period of 
spring thaw, when discharge was the highest. 

In most cases the N:P ratio was higher in 
spring (>50) than in summer (<30). In 1996, 
a very high spring discharge reduced N and P 
in the soil of all subcatchments, including 
subcatchments with low and moderate agri­
cultural impact. The possible reason may be 
that high discharge enhanced soil erosion so 
that P export increased. Consequently, the fi­
nal P load was higher than usually, and the 
N:P ratio decreased independent of nutrient 
concentration in soil waters. 

The reason for absence of a clear and di­
rectional long-term variation may be stable 
unchanged land use, stable management in­
tensity, and also mosaic landscape structure 
(Mander et al. 2000). Numerous barrier 
habitats (forests, wetlands) can counteract the 
effects ofagricultural impact. In mosaic land­
scapes with stabilized agricultural use, nitro­
gen and phosphorus loads are low even in 
periods of high discharge (in spring) when 
they are highest compared with those in other 
months. This gives rise to a large, chaotic, 
non directional variation. However, export 
rate maintains a spatial pattern in terms of the 
difference between various categories ofsub­
catchments. 
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6. SUMMARY 

In a lakeland region (the Masurian Lakeland), 
the medium size catchment basin of a river-lake sy­
stem (the Jorka river system) (about 65 km2) (Fig. I) 
was studied intensively in 1996-1998 (April-Octo­
ber). Nutrient (TP, TKN, N-N03) and chloride were 
monitored in 15 small lakeshore streams draining 
small subcatchments from 14 to 1176 ha (Table I) of 
different land use (Table I, Fig. I). The annual and 
monthly concentration values of nutrients were mea­
sured as well as the annual load in kg ha- 1 year- . The 
respective values were compared with the data from 
1978 published by Hillbricht-llkowska and 
Lawacz (1983). 

Although generally the discharge was very low 
in the system (range from 0.0003 to 0.503 m3 s- 1), a 
strong seasonal variation (maximal during the spring 
freshet) was found with a tendency to very low values 
in 1997 and/or 1998 (dry and/or warm years ) (Fig. 2, 
Table I). There was no direct relation between the 
precipitation and discharge (Table I, Figs 3, 4). 

1 
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Generally, the mean TP concentration in streams 
was higher in the 1990s than in the 1970s (Figs 5, 6, 
7), the highest values (up to 0.5 mg 1- 1) being found in 
a few streams draining the cropland and receiving se­
wage disposal. Also a great variation was found in the 

values of TP export rates for different streams, years 
and seasons (Figs 8, 9, I 0). However there was a ten­
dency to higher values in 1996 (mean 0.71 kg ha- 1 

year- 1) than for other years and the value for 1997 
was the lowest one. Again the highest values (up to 

15.0 kg ha- year- 1) were found for the spring periods 

and in the streams polluted with sewage disposal. The 
data for these streams make the annual values for the 
catchment with highest agricultural input usually the 
highest ones. However, generally the most often valu­
es of TP export rates in the study area were of the or­

1der 0.01 kg ha- year- 1 which is much lower than for 
other, lowland , non-mosaic regions; rarely they reach 

1 10.1. kg ha- year- . 

The values of the concentration and the export 
rates of TKN varied in a narrower range than those of 
TP (Figs 11 , 12, 13). Most values were concentrated 
round 0. 1 kg ha- 1 year- ! in 199711998 while round 1.0 

1kg ha- year- 1 in the !9970s and in 1996 (Figs 14, 15, 

16). The few streams draining the cropland and pollu­

ted accounted for the highest values of TKN export 
1rates (up to 30 kg ha- year- 1) for the catchments with 

high agricultural impact. 

The lowest values of N-N03 concentration and 
export rates were noted in 1998 (there is no data for 
1978) and they were higher than 2.0 kg ha- 1 year- 1 

while in other situations mostly below 0.5 ha ha- 1 

year- 1 (Figs 17, 18, 19, 20, 21 , 22). 

The concentration of chlorides tended to be lo­
wer in the 1990s than in the 1970s and it was signifi­
cantly higher for the streams draining the cropland 
(Figs 23, 24, 25). 

Because of a generally strong and multidirectio­

nal variation in TP as compared with TKN and 
N-N03, a more distinct decrease in the TN:TP ratio 
was found in the late 1990s than in the late 1970s 
(Figs 27, 28). 

The data indicate that: 

• In a mosaic, hilly region the export rates of both 
TP and TN from diversified small catchments tend to be 
low, lower than from non-mosaic areas. 

• The values ofexport rates are mainly dependent 
on the discharge in the subcatchments: that is why the 
values for 1998 and/or 1997 were usually lower than for 
other years . 

• There is a tendency to lower concentration 
values (including chlorides) and export rates in the sub­

catchments subjected to low impact of agriculture (for­
est, wetland) than for the subcatchments dominated by 
cropland (high impact of agriculture) The extra large 

values were found for a few catchments under crop land, 
additionally polluted with sewage disposal in the vicin­
ity. 
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