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Discharge water quality from old ditch networks
in Finnish peatland forests
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Runoff water from 75 Finnish ditch networks was sampled for chemical analysis in
1990-1992. In total, 2815 samples were analyzed. Higher mean and median concen-
trations of total dissolved phosphorus were observed than reported earlier. Except for
phosphorus, concentration of most elements increased with increasing site fertility. No
clear relationship between phosphorus concentration and the site characteristics could
be detected. The median concentration of suspended solids in runoff water from old

ditch networks was as low as 2.4 mg [,
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INTRODUCTION

Discharge waters from peatlands are generally
more acid and have higher concentrations of dis-
solved organic matter and nitrogen and lower
concentrations of sulphate and base cations than
the stream waters from mineral soils (Saukkonen
& Kortelainen 1995; Kortelainen & Saukkonen
1998). Low pH-values of peatland ditch discharge
water are due to organic acids and thus associ-
ated with high concentrations of dissolved organic
carbon (DOC) (Kortelainen 1993b, Kortelainen
et al. 1997). The production of organic acids in
peat adds excessive acidity and organic carbon
in the runoff water. Inputs of drainage waters from
ditched peatlands can increase the acid load and
the loads of phosphorus and nitrogen to water
courses (Ahtiainen 1990). However, according to
Kenttamies (1987), concentrations of suspended
solids, organic carbon, and total nitrogen in the

discharge waters from old, already moss covered
ditch networks do not differ much from those of
drainage waters originating from pristine
peatlands.

The aim of this study was, by using extensive
sampling in different parts of Finland, to produce
a representative description of the quality char-
acteristics of runoff water originating from old
ditch networks.

MATERIAL AND METHODS

Catchment characteristics

General description

In total, 75 small forested catchments containing

old ditch networks were chosen for the study (Fig. 1).
With a few exceptions, all areas were situated in
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Fig. 1. The location of the 75 old ditch networks used in
the study.

Kuva 1. Tutkimuksessa seurattujen 75 vanhan ojaston
sijainti.

the southern half of Finland, where annual pre-
cipitation in 1961-90 varied between 600 and 750
mm and annual runoff between 250 and 400 mm
(Hyvérinen et al. 1995).

When selecting the study sites, only catch-
ments including forestry land (for definition see
Finnish Statistical Yearbook of Forestry, p. 343)
and forest roads were accepted. In all areas, the
samples were taken from the main ditch of the
forest ditch network. The size of the average
catchment was 77 ha (13-222 ha) and comprised
of 39 ha of drained peatland, 5 ha of pristine
peatland and 33 ha of upland mineral soil. On
average, 80% of the peatland area of a site was
dominated by Scots pine and the remainder by
Norway spruce. Open (treeless) peatlands ac-
counted for less than 5% of'the total peatland area
on average. The average site quality class distri-
bution of the catchments, including both
peatlands and mineral soil sites, is given in Table
1 and further characteristics in Table 2. For de-
termining the relationships between site type and
water chemistry, the original, pre-drainage
peatland site type (Laine & Vasander 1990) of
each plot was estimated around the plot
centerpoint. Finally, erosion of the ditches and
other factors connected with ditch condition were
noted.

Ditch characteristics
Ditch depth, ditch width and the condition of the

ditch were surveyed on sample plots located sys-
tematically along the ditches. Depending on the

Table 1. Distribution of forest site quality classes (Huikari 1974) for the average catchment in the study.

Taulukko 1. Valuma-alueiden keskimcdidrdinen ravinteisuusluokkajakautuma Huikarin (1974) luokitusmenetelmdilld.

Site quality class
Keskim. ravinteisuusluokka

Coverage of all sites,

Coverage of peatland sites,
% of peatland area
Peittavyys,

% suopinta-alasta

% of basin arca
Peittavyys,
% valuma-alueesta

I Grove-like sites — Lehtomaiset metscit
II Herb-rich sites — Ruohoiset metsdt

111 Myrtillus sites- Mustikkaiset metscit
IV Vaccinium sites — Puolukkaiset metscit
V Calluna sites — Kanervatason metsdt

I Cladina sites — Jdkdilcitason metscit

5 4
25 13
35 33
30 45
5 5




area of drained peatland, the number of sample
plots varied between 22 and 204 per catchment.
At each plot, the condition of the ditch was clas-
sified into one of the five classes of Keltikangas
et al. (1986; class 1 = good ditch quality) for a 40
m ditch section. For the 75 study sites, the mean
ditch quality class was 3.5. The width of the
ditches averaged 132 cm (range 53-211 cm) and
ditch depth 58 cm (34-86 cm).

The abundance of different plant species in
the ditch was determined subjectively by using
10% coverage classes. The mean coverage of the
most important plants were as follows: Sphag-
num 48%, Polytrichum 14%, Carex 7%,
Eriophorum vaginatum 6%, grasses 5%, and
herbs 5% of the ditch surfaces. The most com-
mon sedges covering the ditch surfaces were
Carex rostrata, C. rynchospora, C. canescens,
C. lasiocarpa and mostly on the ditch slopes,
Carex globularis. The most common grass spe-
cies were Calamagrostis purpurea, Deschampsia
flexuosa, D. cespitosa, Molinia caerulea, Juncus
sp, Iestuga rubra, Agrostis canina and sometimes
also Phragmites sp, Phalaris sp, and Poa sp.
Among the herb species, Geranium sp,
Gymnocarpium sp, Melampyrum sp, Linnaea
borealis, and Equisetum sp can be mentioned. The
coverage percents of the dwarf shrubs and the
bushes were well over three percent, respectively.
Common dwarf shrubs were Vaccinium vitis
idaea, V. myrtillus, V. uliginosum, Ledum palustre,
Andromeda polifolia, Empetrum nigrum, Betula
nana, and Calluna vulgaris. Small specimens of
Betula pubescens, Betula verrucosa, Alnus sp.,
Salix sp. and Picea abies were regarded as bushes.
On the average 10% of the ditch surfaces were
free of vegetation.

Tree stands

Stand characteristics were measured on sample
plots located at intervals of \/gp metres, in which
a = catchment area in m* and b = number of plots
per area. A minimum number of 50 plots were
measured per catchment.

The basal area of the stand was estimated with
a relascope. In sapling stands, the stem number
instead of basal area was estimated. Stand vol-
ume was estimated by species from measurements
of breast height diameter and height of the me-
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dian tree at each of the basal area sample plots.

The catchment means for breast height diam-
eter, stand height, and stand volume were 11.5
cm, 9.5 m, and 72.3 m* ha! ( from 9 to 190 m?
ha™). The actual site values for stand volume are
given in Table 2.

Sampling

Water samples were collected in 1990-1992. The
number of water samples per catchment varied
from 16 to 83 and averaged 37. In all, 2815-2850
samples were analyzed. The water samples were
taken twice a week during the spring high flows,
but otherwise weekly. Sampling continued until
snowfall and freezing of the ditches in late au-
tumn and no samples were taken in winter.

The samples were taken directly into 500 ml
plastic bottles from a sampling point on the main
ditch selected to enable sampling from flowing
water without stirring the bottom sediment of the
ditch. The samples were sent immediately to the
Central Laboratory of the Finnish Forest Research
Institute in Vantaa. Prior to analysis, the samples
were stored at +5 °C.

Chemical analysis

Acidity and electric conductivity were determined
using the standard methods of the Finnish Forest
Research Institute (Jarva & Tervahauta 1993). The
samples were then filtered (Fiber-glass, pore size
1.2 um).The filtrate was analyzed for phospho-
rus, sodium, potassium, magnesium, calcium,
sulfur, aluminum and iron concentrations using
plasma emission spectrophotometry (ICP-AES,
ARL 3580). Total dissolved nitrogen (N,,), am-
monium nitrogen (NH,-N) and nitrate nitrogen
(NO;"-N) were determined spectrophotometri-
cally with a Tecaton FIA-analyzer. The concen-
tration of dissolved organic carbon (DOC) was
determined with a Shimadzu carbon analyzer
from 1992 onwards. DOC concentrations prior
to 1992 were calculated from KMnO, consump-
tion (SFS 3036 method) and the regression equa-
tion is presented in Fig. 2. This equation was de-
rived from parallel measurements of both DOC
and KMnO, concentrations from 714 samples.
The filters were dried at 60°C and weighed to
determine the amount of suspended solids.
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Fig. 2. Linear regression between DOC and KMnO,-con-
sumption. n = 714.

Kuva 2. Orgaanisen hiilen pitoisuuden ja kaliumpermanga-
naatin kulutuksen vilinen lineaarinen korrelaatio. n = 714.

The water quality of the samples was charac-
terised using descriptive statistics e.g. means,
deviations, frequency distributions, Pearson cor-
relation coefficient, regression analysis and mean
tests. The statistical analysis was performed us-
ing the SYSTAT statistical package (SYSTAT
1996).

RESULTS
Ditch water quality
Nitrogen

Site mean total nitrogen concentration ranged
from 0.22 t0 2.02 mg I"". The average of all 2820
samples was 0.738 mg I'! (Tables 3 and 4), which
is almost double the value reported by Kortelainen
et al. (1999) for stream water draining pristine
forest land. In addition to the different fractions
of N, total N concentrations were positively cor-
related with the concentrations of potassium, cal-
cium, magnesium and iron (Table 5).

Table 3. Statistical parameters describing the runoff water quality of all samples from 75 forest ditch networks located
throughout Finland. n = number of samples , ¥ = arithmetic mean, S, = standard deviation, s ¥ = standard error of mean,
X, = Minimum value, X,,,, = maximum value, Q, = lower quartile, M, = median, Q; = upper quartile. All concentrations in
mg 1. SS = suspended solids, EC =electric conductivity, uS cm™.

Taulukko 3. Eri puolilla Suomea sijaitsevien 75 vanhan ojitusalueen valumavesien ravinnepitoisuudet, kiintoainepitois-
uudet (SS), pH ja johtokyky (EC, uS cm™). n = havaintojen lukumcdicird, ¥ = keskiarvo, S, = keskihajonta, sz = keskiar-
von keskivirhe, x,,;,, = havaintojen minimiarvo, x,,,. = havaintojen maksimiarvo, Q,; = alakvartiili, M; = mediaani, Q; =

yidkvartiili. Kaikki pitoisuudet on ilmoitettu mg I,

n X Sa Sx Xinin Xpnax Q M, Q;
Ny, 2820 0.738 0.386 0.0073  0.090 478 0.485 0.670 0.920
NH,-N 2820 0.042 0.115 0.0022  <0.007 1.76 <0.007 <0.007 0.033
NO;-N 2821 0.058 0.199 0.0038  <0.002 3.92 <0.002 0.016 0.045
DOC 2820 29.79 13.1 0.236 3.1 92.1 16.7 23.7 32.8
SS 2818 4.90 7.85 0.148 <0.20 148 0.80 2.40 6.0
EC 2820 432 243 0.457 10.3 232 28.0 37.2 50.1
pH 2821 5.61 1.01 0.019 3.29 8.58 4.81 5.54 6.35
Na 2815 225 1.69 0.032 0.137 48.8 1.32 1.79 274
K 2815 0.536 0.640 0.0121  <0.01 9.91 0.200 0.402 0.667
Ca 2815 3.65 3.93 0.074 0.455 43.5 1.75 2.52 3.90
Mg 2815 1.62 1.84 0.035 0.187 26.3 0.68 1.07 1.83
Al 2815 0.433 0.296 0.0056  <0.001 2.50 0.207 0.396 0.608
Fe 2815 1.59 1.42 0.0268  0.048 18.6 0.640 1.19 2.07
S 2815 1.89 1.94 0.0366  0.263 68.9 0.89 1.45 243
P 2815 0.056  0.0512 0.0001  <0.001 0.596 0.031 0.045 0.066
B 2815 0.0104  0.0093 0.0002  <0.001 0.116 0.0048 0.0091 0.0140




Site mean NH,-N concentrations varied from
0 to 0.385 mg I'! and the mean concentration of
all samples was 0.042 mg I"'. In most runoff wa-
ter samples the NH,-N concentration was close
to zero, as indicated by the median value (Tables
3 and 4). The highest mean monthly N, and NH,-N
concentrations occurred in July — August (Fig.
3).

Site mean NO,-N concentrations varied from
0 to 1.207 mg I"'. Most samples had very low
nitrate concentrations, the median concentration
of all samples being 0.016 mg I' (Tables 3 and
4). There was no seasonal trend in the variation
of nitrate nitrogen.

Phosphorus

The mean concentration of total dissolved phos-
phorus calculated from all samples (n=2815) was
0.056 mg I'" and the median 0.045 mg I'". These
values are higher than P, -values reported earlier
for runoff water from peatlands (Heikurainen et
al. 1978, Kenttamies 1987, Saukkonen & Korte-
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lainen 1995, Kortelainen & Saukkonen 1998).
Site mean total phosphorus concentrations var-
ied from 0.026 to 0.458 mg I! and the median
concentration from 0.024 to 0.486 mg I"!. Phos-
phorus concentrations were highest during the
low flow period of July—August and were only
weakly correlated with most of the other water
quality parameters. There was a statistically sig-
nificant correlation with organic nitrogen and
DOC, though (Table 5).

DOC and pH

The site mean of DOC concentration varied from
6.88 to 47.09 mg I'! and averaged 26.1 mg I,
The mean DOC concentration calculated from all
samples (n=2820) was 29.8 mg I"". In agreement
with what has been reported earlier by Kauppi
(1979), DOC concentrations were the lowest dur-
ing the high water flow period in spring and in-
creased gradually towards autumn. The concen-
tration of dissolved organic carbon correlated
positively with total N and organic N concentra-

Table 4. Mean runoff water quality of 75 basins as calculated on the basis of all samples and basin means and medians.
Concentrations; mg 1", SS = suspended solids (mg 1""), EC = electric conductivity ( uS cm™).

Taulukko 4. Valumaveden keskimdicirdiset kemialliset ominaisuudet 75 vanhassa ojastossa kaikkien naytteiden keskilu-
vuilla ja ojastokohtaisilla keskiluvuilla ilmaistuina Pitoisuudet mg I, SS = kiintoainepitoisuus, EC = sdhkonjohtavuus

(usS ecm?).
Water quality Arithmetic mean Average of Median of Median of
parameter of all samples basin means all samples basin means
Vedenlaatu- Kaikkien néytteiden Aluekeskiarvojen Kaikkien ndytteiden Aluekeskiarvojen
muuttuja keskiarvo keskiarvo mediaani mediaani
(n=2815) (n=175) (n=12815) (n="175)
Niot 0.738 0.760 0.670 0.732
NH,-N 0.042 0.039 0.000 0.018
NO;-N 0.058 0.064 0.016 0.036
DOC 29.8 26.1 23.7 252
SS 4.90 4.72 2.40 2.84
EC 43.2 41.7 37.2 38.1
pH 5.61 5.61 5.54 5.56
Na 2.25 2.29 1.79 2.16
K 0.536 0.575 0.402 0.497
Ca 3.65 3.81 2.52 3.71
Mg 1.62 1.68 1.07 1.63
Al 0.433 0.448 0.396 0.432
Fe 1.59 1.60 1.19 1.38
S 1.89 2.04 1.45 1.88
P 0.056 0.061 0.045 0.055
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Fig. 3. Mean monthly pH, electric conductivity (EC), element concentrations, concentration of suspended solid material

and C/N-ratio in runoff water from old ditch networks.

Kuva 3. Vanhoilta ojitusalueilta valuvan veden ravinnepitoisuuksien, kiintoainepitoisuuden ja liuenneen orgaanisen

hiilen (DOC) pitoisuuden sekd pH:n, johtokyvyn (EC) ja hiili-typpisuhteen huhti-lokakuun keskiarvot.
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tions (Table 5).

The average pH-value of all samples was 5.61,
and the site mean value varied from 3.89 to 7.63.
Using H'-concentration instead of sample pH, a
mean pH value as low as 4.80 was arrived at.
The site mean pH values were normally distrib-
uted. The average pH value was at its lowest in
April (5.08) and at its highest in July (5.95) (Fig. 3).

Suspended solids

The site mean concentration of suspended solids
varied from 0.91 to 13.1 mg | and averaged 4.72
mg 1! (Table 4). The median concentration of
suspended solids calculated from all samples (n =
2815) was 2.40 mg I"!, while the mean value is
4.90 mg 1, the difference indicated a skewed dis-
tribution (Fig. 4). The highest monthly mean con-
centrations of suspended solids occurred in July
(7.77 mg I'") and the smallest in October (2.13
mg ") and April (2.68 mg 1"") (Fig. 3).

Base cations
Site mean concentration of sodium varied from

0.73 to 7.00 mg I"!, with a mean value of 2.29 mg
I-!. The corresponding values for potassium were

0.12t03.47 mg 1" and 0.58 mg I"". The site me-
dian K concentration was 0.50 mg I"!. The con-
centration of potassium correlated positively and
significantly with the concentration of nitrate ni-
trogen (r = 0.75; p<0.001) and the other cations.

The site mean concentration of calcium aver-
aged 3.81 mg I'! and ranged from 0.81 to 22.2
mg I'!. There was a strong positive correlation
between the site mean concentrations of calcium
and magnesium ( r = 0.95; p<0.001).

The site mean concentration of magnesium
varied from 0.32 to 10.48 mg I! with a value of
1.68 mg 1! and a median at 1.63 mg 1"'. With the
exception of potassium concentrations, which did
not show any seasonal trend, the concentrations
of base cations were at their highest during mid-
summer.

Aluminum, iron and sulphur

The site mean concentration of aluminum varied
from 0.04 to 1.19 mg I!, and for iron between
0.14 and 4.49 mg I"'. The site mean concentra-
tions of aluminum and iron were 0.45 mg I"' and
1.60 mg I'!, respectively. The mean concentra-
tion of aluminum was at its highest in April and
October and that of iron in July—August.

Table 5. Pearson correlation coefficients between site mean values of some water quality parameters in runoff water from
old ditch networks. SS = suspended solids, EC = electric conductivity. Statistically significant correlations (p<0.05; n =

75) marked with boldface.

Taulukko 5. Erdiden ravinteiden, kiintoaineen, pH:n, hiili-typpisuhteen, ja johtokyvyn viliset korrelaatiokertoimet van-
hoilla ojitusalueilla. SS = kiintoaine, EC = sdhkonjohtavuus. Tilastollisesti merkitsevcit korrelaatiot (p<0.05; n = 75)

merkitty lihavoidulla tekstilld.

Ntot NH,-N NO;-N OrgN MinN DOC C/N  SS EC pH P K Na Ca Mg Al Fe S
Ntot  1.000
NH,-N 0.267 1.000
NO;-N 0.625 0.031 1.000
Org N 0.859 0.086 0.181 1.000
Min N 0.673 0.386 0.934 0.198 1.000
DOC 0.602 0.039 -0.049 0.819 -0.031 1.000
C/N -0.189 -0.083 —-0.312 -0.030 —-0.318 0.520 1.000
SS 0.273 0335 0.163 0.175 0.270 —0.112 -0.405 1.000
EC 0.519 0.040 0.298 0.488 0.289 0.337 —0.150 0.163 1.000
pH 0.134 0.144 0.260 —0.024 0.291 —0.436 -0.663 0.540 0.077 1.000
P 0.326 -0.012 0.001 0.434 -0.004 0.404 0.023 -0.032 0.425 -0.193 1.000
K 0.594 0.019 0.748 0.304 0.697 —0.036 —0.455 0.344 0.314 0.411 0.100 1.000
Na 0.304 0.092 0.167 0.274 0.186 -0.068 —0.515 0.437 0.258 0.610 -0.046 0.523 1.000
Ca 0.468 0.068 0.313 0.403 0.313 0.047 -0.433 0.281 0346 0.653 0.130 0.446 0.470 1.000
Mg 0.468 0.018 0313 0.416 0.296 0.055 -0.438 0.320 0.345 0.667 0.070 0.479 0.563 0.952 1.000

Al -0.068 —0.276 —0.107 0.046 —0.197
Fe 0.526 0.380 0.073 0.556 0.203
S 0.365 -0.073 0.171 0.392 0.132

0.103  0.091 -0.224 -0.027 -0.478
0.368 -0.158 0.599 0.155 0.229
0.117 -0.342 0.115 0.489 0.117

0.053 -0.021 —-0.108 ~0.358 —-0.253 1.000
0.065 0.287 0473 0.220 0.241 -0.120 1.000

0.276 0.424 0.393 0.380 0.419 0.216 —0.003 1.000




Aluminum concentrations were negatively cor-
related with pH-value (r=0.48; p<0.01) and iron
positively correlated with total nitrogen (r =0.52;
p <0.001), organic nitrogen (r = 0.55; p<0.001)
and suspended solids (r = 0.60; p < 0.001).

The mean concentration (n=2815) of S was
1.89 mg I'". The site mean concentrations (n =
75) varied between 0.50 and 7.52 mg I"! and cor-
related positively with the concentrations of base
cations (r = 0.38-0.42, p < 0.001). The highest
concentrations of S were observed in spring and
autumn (Fig. 3).

Relationships between basin characteristics
and runoff water quality

The proportion of rich peatland site types was
positively correlated with site mean total N con-
centration (r = 0.28, p= 0.020). Conversely, the
proportion of poor peatland site types correlated
negatively with N, concentration (r = —0.45,
p<0.001). No clear relationship between P con-
centrations and site characteristics could be de-
tected.

Site mean pH values were positively corre-
lated with the occurrence of herb-rich peatland
site types (r=0.48, p <0.001) and spruce swamps
(r=0.39, p<0.001) within the catchment. Cal-
cium concentrations were also positively corre-
lated with the occurrence of spruce swamps (r =
0.42, p<0.001), and the concentrations of mag-
nesium positively correlated with the occurrence
of herb-rich peatland site types (r = 0.85, p<
0.001) and spruce swamps (r = 0.54, p<0.001)
within the catchment.

DISCUSSION

In order to determine discharge water quality from
drained peatland areas typical for Finland we have
sampled a large number of sites (75) for a rela-
tively short period of time (1-3 years). Because
of the large number of sites compared to long-
term but site specific studies we were able to de-
termine the dependence of runoff water quality
on site characteristics.

The median concentrations of total N aver-
aged 0.723 mg I and were higher than the val-
ues reported by Kortelainen & Saukkonen (1995)
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and Kortelainen et al. (1997) based on 13 peatland
dominated catchments. Median concentrations of
mineral nitrogen (NH,"-N and NO,-N) were
lower in our material. Mean concentrations of
total N and NO,;-N reported by Rekolainen
(19809) fitted well within the ranges observed in
our study. Mean total N concentrations in drain-
age water from old ditching areas (0.427-518 mg1™)
observed by Kenttamies (1980, 1981) were only
a little lower than the values we found, and did
not differ much from total N concentrations in
runoff from natural peatlands. Our total N con-
centration values were also similar to those re-
ported for untreated Swedish catchments with
high proportion of natural peatlands reported by
Bergquist et al. (1984) and Lundin (1992), but
higher (as also NO,-N concentrations) than re-
ported for a study in eastern Finland, both before
and after ditching (Ahtiainen 1990, Ahtiainen et
al. 1995).

The concentration of phosphorus in runoff
water from pristine peatlands in Finland rarely
exceeds 0.02 mg "' (Kenttamies 1980). It appears
that forest management increases runoff P con-
centrations. Median total phosphorus concentra-
tions in this study were higher than reported by
Saukkonen and Kortelainen (1995) for small,
forested and peatland-dominated and forested
catchments in Finland (0.028 mg 1™, range 0.014—
0.033 mg I'"). Runoff P concentrations from six
pristine catchments varied from 0.012 to 0.033
mg I! in a study reported by Ahtiainen &
Huttunen (1995, 1999). After various forestry
measures including ditching and clear cutting
carried out in three of the catchments, the mean
P concentration varied between 0.020 and 0.142
mg "' during the first three years. Rekolainen
(1989) reported P concentrations in runoff water
from small forest dominated catchments in Fin-
land 0of 0.018 to 0.063 mg 1.

Ruskeesuo site had the highest mean phos-
phorus concentration (0.458 mg '), which was
almost tenfold the mean value of all site mean
values. The surface peat layer at Ruskeesuo is
poorly humified Sphagnum peat, which normally
contains very little iron and aluminium for phos-
phorus retention (Nieminen & Ahti 1993,
Nieminen 2000). The catchment area was ferti-
lized with NPK in 1970, and later, in 1985, one
third of it with PK. The high phosphorus concen-
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trations we observed are therefore probably due
to the fertilizations.

Fertilization of drained peatlands is known to
increase the risk of phosphorus leaching to water
courses (Ahti & Paarlahti 1988, Nieminen & Ahti
1993, Saura & al. 1995, Nieminen 2000). Many
studies have also indicated that leaching of phos-
phorus after fertilization of peatlands is a long-
term process (Malcolm & Cuttle 1978,
Kenttamies 1981, Ahti 1983 ). In contrast to most
other nutrients, runoff P were associated with the
occurrence of poor peatland site types within the
catchment. These site types are characterized by
having oligotrophic Sphagnum peat that contain
little aluminium and iron. The retention of P in
peat is known to be strongly controlled by the
amount of Al and Fe (Nieminen 2000). The rela-
tively high mean and median P concentrations
observed in this study is thus considered to be
also partly due to the lack of retention of P ap-
plied in fertilizer. More than half of our study sites
had been fertilized at least once during the two
decades preceding sampling.

The concentration of dissolved organic ma-
terial in the discharge water tends to increase with
the proportion of peatland in the catchment
(Lundin 1988, Saukkonen and Kortelainen 1995).
Dissolved organic matter concentrations in run-
off do not essentially differ between old ditching
areas and pristine peatlands (Heikurainen et al.
1978, Kenttamies 1981, Sallantaus 1994).
Laaksonen & Malin (1980, 1984) showed that
DOC concentrations did not increase in the Finn-
ish water courses during the decades of exten-
sive peatland forestry ditching activity. In some
sites, the concentrations of dissolved organic
matter in stream waters have even decreased as a
result of ditching operations (Hynninen 1988).

DOC concentrations in our material (site me-
dian 25.2 mg I'") was at the same level as the
values of organic carbon measured by Kenttamies
and Laine (1984) for drained peatlands, but some-
what higher than the concentrations of total or-
ganic carbon reported by Saukkonen and
Kortelainen (1995, basin median 20.0 mg I'').
However, Saukkonen and Kortelainen (1995)
sampled runoff from forest streams and not from
the main ditch on peatland as in our study.

Both the site mean and median concentration

of suspended solids (Table 4) were similar to val-
ues reported in other studies. According to
Kenttamies (1987) the concentration of sus-
pended solids in runoff from peatlands drained
20-40 years ago was 5.08-9.24 mg I"! and 3.32
to 7.78 mg I'! for pristine peatlands. Saukkonen
and Kortelainen (1995) reported an average me-
dian concentration value of 3.5 mg I"! for catch-
ments with a proportion of peatland cover > 35%.
However, our concentrations of suspended sol-
ids were higher than those reported for natural
brooks in eastern Finland (Ahtiainen 1988, 1990,
Ahtiainen & Huttunen 1995).

Discharge waters from peatland catchments
are more acid than those from catchments domi-
nated by mineral soils (Rekolainen 1989,
Saukkonen & Kortelainen 1995, Kortelainen &
Saukkonen 1998). In our data, the site mean pH
varied from 3.9 to 7.6. Our median pH value is
similar to pH values reported by Heikurainen et
al. (1978) and Saukkonen & Kortelainen (1995).
We also found a clear seasonal pattern in pH, with
highest values in July-August and lowest values
in April and October. A similar seasonal pattern
has been observed in the pH in natural brooks by
Ahtiainen (1990).

As also found in other studies (e.g. Saukkonen
& Kortelainen 1995, Kortelainen 1997), pH was
positively correlated to the concentration of base
cations and negatively correlated to DOC con-
centrations. The strong positive correlation be-
tween the concentration of base cations and the
pH-value, and a negative correlation between the
concentration of dissolved organic carbon and pH,
were also reported by Saukkonen & Kortelainen
(1995) and Kortelainen et al. (1997).

The median concentration of iron (1.9 mg 1)
reported by Saukkonen and Kortelainen (1995)
from 13 small catchments with a high proportion
of peatlands was higher than the site median value
(1.38 mg I'") in our study. Lower iron concentra-
tions (0.7-1.0 mg I'") have been reported for Finn-
ish catchments comprising of pristine forest land
(Kortelainen et al. 1999). The concentrations of
aluminum measured in pristine brook waters by
Ahtiainen (1990) and in a sedge-rich peatland area
in central Sweden (Lundin 1992) were lower than
the site mean value in our study.

The concentrations of S observed in this study



were considerably higher than the values calcu-
lated from the median SO, concentrations of
Saukkonen & Kortelainen (1995).

With the exception of phosphorus, more nu-
trients seemed to leach into the ditch waters from
catchments dominated by eutrophic peatland site
types than from catchments dominated by
oligotrophic types. The discharge waters from
catchments dominated by rich sites were also less
acid.

ACKNOWLEDGEMENTS

‘We wish to thank the staff of the Central Laboratory of the
Forest Research Institute for an excellent job in perform-
ing the chemical analysis of our study and the staff of the
local Forestry Centres in different parts of Finland for pro-
viding us with the major part of the information dealing
with the ditch networks and for carrying out the water sam-
pling. We also wish to thank Mr. Kauko Taimi for perform-
ing much of the field work in the planning stages of the
study and Ms Inkeri Suopanki for help in processing the
data. The English was revised by Dr. Michael Starr, who
also contributed to the contents of the manuscript by valu-
able criticism.

REFERENCES

Ahti, E. 1983. Fertilizer-induced leaching of phosphorus
and potassium from peatlands drained for forestry.
Communicationes Instituti Forestalis Fenniae 111: 1-20.

Ahti, E. & Paarlahti, K. 1988. Ravinteiden huuhtoutumi-
nen talvella lannoitetulta metsiojitusalueelta. (Summa-
ry: Leaching of nutrients from a peatland area after
fertilizer application on snow.) Suo 39: 19-25.

Ahtiainen, M. 1988. Effects of clear-cutting and forestry
drainage on water quality in the Nurmes-study. Pro-
ceedings of the International Symposium on the Hy-
drology of Wetlands in Temperate and Cold Regions.
Joensuu, Finland 6-8 June, 1988. Vol. 1, The Acade-
my of Finland, Valtion painatuskeskus, Helsinki. pp.
206-219.

Ahtiainen, M. 1990. Avohakkuun ja metsiojituksen vaiku-
tukset purovesien laatuun. Vesi- ja ympéristohallinnon
julkaisuja — sarja A 45: 1-122.

Ahtiainen, M. & Huttunen, P. 1995. Metséitaloustoimen-
piteiden pitkdaikaisvaikutukset purovesien laatuun ja
kuormaan. In: Saukkonen, S & Kenttamies, K. (eds.)
Metsitalouden vesistévaikutukset ja niiden torjunta
Metve-projektin loppuraportti, Suomen ymparisto 2 —
ymparistonsuojelu, Suomen ympéristokeskus, Helsin-
ki. pp. 33-50.

Ahtiainen, M. & Huttunen, P. 1999. Nurmestutkimus 20

SUO 52(1), 2001 13

vuotta — metséitaloustoimenpiteiden pitkdaikaisvaiku-
tukset kuuden pienen puron vesistokuormaan. In: Ahti,
E., Granlund, H., and Puranen, E. (eds.) Metsitalouden
ympéristokuormitus. Metsdantutkimuslaitoksen tiedo-
nantoja —The Finnish Forest Research Institute, Re-
search Papers 745, 29-38.

Bergquist, B., Lundin, L. & Andersson, A. 1984. Hydrolo-
giska och limnologiska konsekvenser av skogs- och
myrdikning. Siksjobdcksomrodet. Forskningsrapport
Nr 9. Limnologiska Inst. Uppsala. B4: 1-27.

Heikurainen, L., Kenttimies, K. & Laine, J. 1978. The en-
vironmental effects of forest drainage. (Tiivistelma:
Metsdojituksen ympéristovaikutukset). Suo 29: 49-58.

Huikari, O. 1974. Site quality estimation of forest land.
Prodeedings of the International Symposium on For-
est Drainage, September 2—6 1974, Jyviskyld—Oulu,
Finland, International Peat Society, Helsinki. pp. 15-24.

Hynninen, P. 1988. Veden laadun kehityksestd Kiiminki-
joessa vuosina 1971-1985. (Summary: Changes in
water quality in the River Kiiminkijoki in 1971-1985.)
Vesi- ja ymparistohallinnon julkaisuja 25: 1-73.

Hyvarinen, V., Solantie, R., Aitamurto, S. & Drebs, A. 1995.
Suomen vesitase 1961-1990 valuma-alueittain. (Ab-
stract: Water balance in Finnish Drainage Basins dur-
ing 1961-90). Publications of Water and Environment
Administration — series A 220: 1-68.

Jarva, M. & Tervahauta, A. 1993. Vesiniytteiden analyysi-
ohjeet. Metsantutkimuslaitoksen tiedonantoja 477: 1-171.

Joensuu, S., Ahti, E., & Vuollekoski, M. 1999. The effects
of peatland forest ditch maintenance on suspended sol-
ids in runoff. Boreal Environment Research 4: 343-355.

Kauppi, L. 1975. Orgaanisen aineen huuhtoutuminen ja sii-
hen vaikuttavat tekijat. (Summary: the washing out of
organic matter and factors affecting it). Vesihallituk-
sen tiedotus 84: 1-72.

Keltikangas, M., Laine, J., Puttonen, P. & Seppal4, K. 1986.
Vuosina 1930-1978 metséojitetut suot: ojitusalueiden
inventoinnin tuloksia. (Summary: Peatlands drained for
forestry during 1930-1978: results from field surveys
of drained areas.) Acta Forestalia Fennica 193: 1-94.

Kenttamies, K. 1980. The effects on water quality of forest
drainage and fertilization in peatlands. The influence
of man on the hydrological regime with special refer-
ence to representative and experimental basins. Pro-
ceedings of the Helsinki Symposium, June 1980. Pub-
lications of International Association of Hydrological
Sciences 130, Adlard & Sons Ltd, Bartholomew Press,
Dorking, Surrey, UK. pp. 277-284.

Kenttamies, K. 1981. The effects on water quality of forest
drainage and fertilization in peatlands. Publications of
the Water Research Institute, National Board of Wa-
ters, Finland, 43: 24-31.

Kenttamies, K. 1987. Metsdojituksen ja metsidnlannoituksen
vaikutus valumaveden ominaisuuksiin. Moniste. Helsingin
yliopiston limnologian laitos. 34 pp. (in Finnish).

Kenttidmies, K. & Laine, J. 1984. The effects on water qual-
ity of forest drainage and phosphate fertilization in a



14 Samuli Joensuu et al.

peatland area in Central Finland. In: Proceedings of
the 7" International Peat Congress Dublin, Ireland 18—
23 June 1984, Vol 3, The Irish National Peat Commit-
tee, Dublin. pp. 342-354.

Kortelainen, P. 1993a. Content of total organic carbon in
Finnish lakes and its relationship to catchment charac-
teristics. Canadian Journal of Fisheries and Aquatic
Sciences 50: 1477-1483.

Kortelainen, P. 1993b. Contribution of organic acids to the
acidity of Finnish lakes. Publications of the Water and
Environment Research Institute. National Board of
Waters and the Environment, Finland 13: 1-48.

Kortelainen, P., Saukkonen, S. & Mattsson T. 1997. Leach-
ing of nitrogen from forested catchments in Finland.
Global Biochemical Cycles 4: 627-638.

Kortelainen, P & Saukkonen, S. 1998. Leaching of nutri-
ents, organic carbon and iron from Finnish forestry land.
Water, Air, and Soil Pollution 105: 239-250.

Kortelainen, P., Ahtiainen, M., Finér, L., Mattsson, T., Sal-
lantaus, T. & Saukkonen, S. 1999. Luonnonhuuhtou-
ma metsivaluma-alueilta. In: Ahti, E., Granlund, H.,
and Puranen, E. (eds.) Metsitalouden ym-
paristokuormitus. Metséntutkimuslaitoksen tiedonan-
toja — The Finnish Forest Research Institute, Research
Papers 745: 9-13.

Laaksonen, R. & Malin, V. 1980. Vesistgjen veden laadun
muutoksista vuosina 1962—-1977. (Summary: Changes
in water quality in Finnish lakes and rivers 1962-1977).
Publications of the Water Research Institute, the Na-
tional Board of Waters, Finland, 36: 1-70.

Laaksonen, R. & Malin, V. 1984. Changes in water quality
in Finnish lake water during the period 1968-1983.
Publications of the Water Research Institute, National
Board of Waters, Finland, 57: 52-58.

Laine, J. & Vasander, H. 1990. Suotyypit. Kirjayhtymé. 80
pp.

Lundin, L. 1988. Impacts of drainage for forestry on runoff
and water chemistry. Proceedings of the International
Symposium on the Hydrology of Wetlands in Temper-
ate and Cold Regions, Joensuu, Finland 68 june 1988.
Publications of the Academy of Finland 4/1988, Paina-
tuskeskus, Helsinki. pp. 197-205.

Lundin, L. 1992. Hydrology and hydrochemistry at sub-
basins of a large sedge fen watershed and effects of
drainage and peat-winning. Proceedings of the 9" In-

ternational Peat Congress Uppsala Sweden 22-26 June
1992. Vol 1, pp. 143-157.

Malcolm, D. C. & Cuttle, S. P. 1983. The Application of
Fertilizers to Drained Peat. 1. Nutrient Losses in Drain-
age. Forestry 56: 155-174.

Nieminen, M. 2000. Phosphorus fertilizer leaching from
drained ombrotrophic peatland forests: empirical stud-
ies and modelling. Finnish Forest Research Institute,
Research Papers 756. 114 pp.

Nieminen, M. & Ahti, E. 1993. Talvilannoituksen vaikutus
ravinteiden huuhtoutumiseen karulta suolta.( Summa-
ry: Leaching of nutrients from an ombrotrophic peat-
land area after fertilizer application on snow). Folia
Forestalia 814: 1-22.

Ranta, E., Rita, H. & Kouki, J. 1989. Biometria. Toinen
korjattu painos. Yliopistopaino. 569 pp.

Rekolainen, S. 1989. Phosphorus and nitrogen load from
forest and agricultural areas in Finland. Aqua Fennica
19: 95-107.

Sallantaus, T. 1994. Response of leaching from mire eco-
systems to changing climate. In: Kanninen, M. & P.
Heikinheimo, P. (eds.) The Finnish Research Pro-
gramme on Climate Change, Second Progress Report.
Publications of the Academy of Finland 1/94, Paina-
tuskeskus, Helsinki. pp. 291-296.

Saukkonen, S. & Kortelainen P. 1995. Metsétaloustoimen-
piteiden vaikutus ravinteiden ja orgaanisen aineen
huuhtoutumiseen. In: Saukkonen, S. & Kenttamies, K.
(eds.) Metsitalouden vesistovaikutukset ja niiden tor-
junta. METVE-projektin loppuraportti. Suomen ym-
péristoé 2 — ympdristonsuojelu, Suomen ympéris-
tokeskus, Helsinki. pp. 15-32.

Saura, M., Sallantaus, T., Bilaletdin, A. & Frisk, T. 1995.
Metsanlannoitteiden huuhtoutuminen Kalliojarven va-
luma-alueelta. In: Saukkonen, S. & Kenttimics, K.
(eds.) Metsitalouden vesistovaikutukset ja niiden tor-
junta. METVE-projektin loppuraportti. Suomen ym-
péristd 2 — ympéristonsuojelu, Suomen ym-
péristokeskus, Helsinki. pp. 87-104.

Seuna, P. 1983. Small basins — a tool in operational and
scientific hydrology. (Tiivistelmé: Pienet valuma-alueet
ticteellisen ja sovelletun hydrologian tutkimus-
vélineend). Publications of the Water Research Insti-
tute, National Board of Waters, Finland, 51: 1-61.

SYSTAT 1996. Systat 6.0 for Windows: Statistics. SPSS
Inc. Chicago IL, 751 pp.



TIIVISTELMA

SUO 52(1), 2001 15

Vanhoilta ojitusalueilta valuvan veden ominaisuudet

Téssd tyossa tarkastellaan vanhoilta ojitusalueil-
ta valuvan veden laatua. Kirjoitus perustuu 1990-
luvun alkupuolella Metsétalouden vesistohaitat
janiiden torjunta -projektin (METVE) yhteydessa
Metsatalouden kehittamiskeskus Tapion, Metsén-
tutkimuslaitoksen ja metsakeskusten yhteistyona
kerdaamaan kunnostusojituksen vaikutuksia késit-
televian tutkimuksen kalibrointivaiheen aineistoon
(Ahti ym. 1995). Tutkimusaineisto kasittaa 75 eri
puolilla Suomea sijaitsevaa ojitusaluetta (Kuva 1,
Taulukko 2). Kohteet valittiin metsiakeskusten
kunnostusojitussuunnitelmakannasta siten, etta
muut kuin metsataloustoimenpiteet vaikuttaisi-
vat mahdollisimman vihén alueelta virtaavan
veden laatuun.

Kaikilta alueilta otettiin vesindytteitd metsa-
ojitusalueen laskuojasta. Naytteenottojakson pi-
tuus vaihteli vuodesta noin kahteen ja puoleen
vuoteen. Kaikkiaan analysoitiin n. 2800 vesi-
néytettd. Vesindytteet otettiin yleensa viikottain.
Naytteenotto pyrittiin aloittamaan kevaélld mah-
dollisimman varhain. Kevéttulvien aikana nayt-
teitd otettiin kaksi kertaa viikossa, tulvakauden
jalkeen kerran viikossa. Viikoittainen niytteenot-
to kesti lumentuloon ja ojien jadtymiseen saak-
ka. Naytteet otettiin virtaavasta vedestd uoman
keskikohdalta puolen litran muovipulloon.

Vesindytteiden analyysit tehtiin Metséantut-
kimuslaitoksessa yleisesti kaytettdvilla stan-
dardimenetelmilld (Jarva & Tervahauta 1993).
Néyte suodatettiin (1,2 pm) ja suodattimeen
jaanyt kiintoaine punnittiin kuivatuksen jalkeen
(60 °C). Kemialliset analyysit tehtiin suodatetu-

ista naytteista. Kokonaisfosfori, natrium, kalium,
magnesium, kalsium, rikki, alumiini ja rauta
madaritettiin ARL 3580 ICP plasmaemis-
siospektrofotometrilla (ICP). Kokonais- (N,),
ammonium- (NH,-N) ja nitraattityppi (NO;-N)
madritettiin spektrofotometrisesti Tecaton FIA-
analysaattorilla. Veteen liuenneen orgaanisen
aineksen madra maadritettiin aluksi kaliumper-
manganaatin (KmnO,) kulutuksena ja vuodesta
1992 lahtien orgaanisen hiilen maarana (DOC).
Liséksi naytteistd maaritettiin pH ja sdhkonjohta-
vuus.

Tutkimusalueiden ojien kunto kartoitettiin
maastossa systemaattisella otannalla. Kartoituk-
sessa mitattiin ojien syvyys ja leveys seka arvioi-
tiin niiden kunto Keltikankaan ym. (1986) kayt-
tdmaa menetelmad soveltaen.

Valumaveden keskimairdiset ominaisuudet
on esitetty taulukoissa 3 ja 4 seka kuvissa 3 ja 4.
Keskimadaraiset kokonaistypen pitoisuudet olivat
samaa suuruusluokkaa kuin muissa tutkimuksis-
sa vanhoilta ojitusalueilta raportoidut kokonais-
typen arvot. Sen sijaan kokonaisfosforipitoisuus
oli korkeampi kuin aikaisemmissa tutkimuksis-
sa on raportoitu. Liuenneen orgaanisen hiilen
(DOC) ja kiintoaineen pitoisuudet seka pH eivit
oleellisesti poikenneet aikaisemmissa tutkimuk-
sissa todetuista arvoista. Alueilta, joissa rehevit
suotyypit ovat vallitsevia, huuhtoutui fosforia
lukuun ottamatta enemman ravinteita kuin karu-
jen suotyyppien vallitsemilta alueilta. Kasvilli-
suudeltaan rehevien alueiden valumavesien pH
oli myos korkeampi kuin karujen alueiden.
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