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Long-term effects of maintaining ditch networks
on runoff water quality
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The effects of ditch network maintenance on runoff water quality was studied at 23
sites in different parts of Finland. The study included a calibration period of 1-3 years
before maintaining the ditches and six years after. No observations were made during
winter. After ditch maintenance, which involves either cleaning of old ditches and/or
digging of complementary new ditches, the concentrations of suspended solids in run-
off water increased immediately. At sites where the ditches cut into fine-textured sub-
soil, runoff continued to have increased suspended solids concentrations throughout
the whole six-year period. However, if the bottom of the ditches consisted of coarse
mineral subsoil or peat, the annual mean concentration of suspended solids returned to
pre-treatment levels in 5-6 years. Concentrations of mineral nitrogen, especially NH,-
N, increased while the concentration of organic nitrogen decreased after ditch network
maintenance. These changes persisted for the whole six-year period. The overall effect
of these changes resulted in a slight lowering of total dissolved nitrogen concentra-
tions. With the exception of a few sites, runoff water pH increased after ditch mainte-
nance and remained high during the 6-year period. Concentrations of DOC decreased
at all sites after ditch maintenance and was still at a low level after six years. Concen-
trations of base cations (Ca, Mg, K, Na) increased significantly after ditch maintenance
and were still high after six years. High concentrations of Al and Fe immediately after
the digging operations were observed in a few sites. Concentration of total dissolved P
did not change much and tended to decrease rather than increase.
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site preparations in connection with forest regen-
eration, which make the soil susceptible to ero-

Some 6% of the total phosphorus (P) load and
5% of the nitrogen (N) load to the water courses
are estimated to be caused by forestry in Finland
(Ymparistoministerio 1998). The major part of
this loading results from peatland drainage and

sion (Maa- ja metsiatalousministerio 1987,
Kenttamies & Saukkonen 1996).

Most of the research into the environmental
effects of peatland drainage in the 1970’s and 80’s
focused on hydrology (Heikurainen et al. 1978,
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Seuna 1982, Ahti 1987). The study of the effects
of forestry on stream water quality started with
the Nurmes project in 1978, in which the loading
of headwater streams as a result of forest drain-
age was studied (Ahtiainen 1988, 1990, Ahtiainen
& Huttunen 1995, 1999a). By continuing the
monitoring of runoff water quality in the Nurmes
basins until today, valuable information on the
long-term effects of cuttings and first ditching has
been obtained (Ahtiainen & Huttunen 1999a and
b, Kenttamies & Vilhunen 1999, Alatalo 1999).
Even if forest drainage has not been as extensive
in Sweden as in Finland, the environmental ef-
fects of forest drainage have been studied for al-
most as long (Bergqvist et al. 1984, Lundin 1982,
1984, 1992, and 1996).

About 18% of'the Finnish forest area consists
of drained wetlands, i.e. peatlands and paludified
mineral soil sites which have been drained for
forestry by open ditches (Finnish Statistical...
1999). After a change in the Forest Improvement
Act in 1987 (Yksityismetsatalouden sdadokset
1987), the maintenance of the forest ditch net-
works increased considerably. In the 1990’s, about
75 000 hectares of ditch networks were annually
maintained, either through the cleaning of old
ditches and/or by digging complementary new
ditches between the old ones. According to the
National Forestry Program accepted by the Finn-
ish government in 1999, the area of ditch net-
work maintenance should increase to 110 000
hectares annually by the year 2010 (Maa- ja
metsédtalousministerio 1999). This program in-
cludes an assessment of the environmental im-
pacts of ditch network maintenance (Hilden et
al. 1999). However, the environmental effects of
ditch network maintenance have not been sub-
ject to much research so far.

The first study to investigate the effects of
ditch maintenance on runoff started in northern
Ostrobothnia in 1983 (Ahti et al. 1995a). After a
calibration period of six years, runoff and water
quality were monitored for five years after ditch
cleaning in two small catchments. Kortelainen et
al. (1997, 1998, 1999) has compared the water
quality from forested catchments dominated by
peatlands with upland catchments by using long-
term data from a series of catchments described
by Seuna (1983). Lahermo et al. (1996) published
maps on the water quality of small streams in

Finland and also tried to find connections between
basin characteristics and runoff water quality.

In this study, the effects of ditch maintenance
on runoff water quality during six years after treat-
ment are reported. The study is based the set of
catchments described by Ahti et al. (1995b, 1999)
and Joensuu et al. (1999a, 1999b). The magni-
tude and duration of the changes in runoff water
quality are related to basin characteristics. The
most important water quality parameters from the
viewpoint of water protection, i.e. nitrogen (N),
dissolved organic carbon (DOC), suspended solid
material (SS), phosphorus (P), iron (Fe), alu-
minium (Al), and pH are concentrated on.

MATERIAL AND METHODS
Study areas

Runoff from 23 catchment areas was monitored
in 1990-1998, 1-2 years before and 6 years after
ditch network maintenance (Fig 1, Table 1). The
catchments were selected in 1995 from the 37
catchments used by Ahti et al. (1995b) and
Joensuu et al. (1999a) for studying the effects of
sedimentation ponds on the retention of sus-
pended solids after ditch network maintenance.
The selection of the 23 catchments was based on
geographic distribution and subsoil texture.

The maintenance operations were performed
in 1991-1993 according to the original planning
performed by the local forestry centres. In addi-
tion to the data from the calibration period, data
from control catchments were used when estimat-
ing the changes in water quality.

The selected catchments varied in area be-
tween 26 and 217 ha (Table 1), with a mean of 71
ha. On average, 34 ha in each catchment were
subject to ditch maintenance, corresponding to
8.5 km (2.5-14.4 km) of ditches. The catchments
included on average 24 ha of upland mineral soil
sites and 13 ha of peatlands which were either
pristine or left outside the maintenance operation.
Most of the ditch maintenance involved cleaning
of old ditches; 1.8-18.4 km per catchment. On
average, 3 km of complementary new ditches
were dug per catchment. The mean ditch density
after maintenance was 250 m ha™'.

The tree stands and the site types were char-



acterised by applying the TASO forestry planning
system (Kinnunen & Arola 1993). The volume
of'tree stands averaged across all catchments was
65 m*ha! (variation range 15-190 m*ha™'). The
corresponding characteristic for the peatland for-
est stands only was 58 m*ha™'.

The soil characteristics of the ditch mainte-
nance areas were inventoried systematically along
the ditches in 1994. At a minimum of 50 sam-
pling points per site, the depths of the ditch and
the peat layer were measured, and additionally
subsoil texture, peat type and peat decomposi-
tion (von Post) were subjectively determined for
the different soil layers visible in the ditch pro-
file. Soil characteristics for the bottom layer of
the ditches, i.e. the part of the ditch which is most
closely in contact with runoff water, are given in
Table 1.

Water sampling

Runoff water sampling was started during the
snowmelt period in spring and continued once a
week until the freezing period in late autumn. No
water samples were taken during winter. The to-
tal number of water samples was 3867 (between
108 and 244 samples per catchment). The sam-
ples were taken directly into 500 ml polyethene
bottles from flowing water in the middle of the
main ditch. The samples were sent to the Central
Laboratory of the Finnish Forest Research Insti-
tute (FFRI), and were stored for analysis at 5 °C.

Electric conductivity and pH were determined
using the standard methods of FFRI (Jarva &
Tervahauta 1993). The samples were filtered and
the fibre glass filters (pore size 1.2 um) were
weighed for suspended solids after drying at 60
°C (Joensuu et al. 1999a). Concentrations of to-
tal dissolved phosphorus, sodium, potassium,
magnesium, calcium, aluminium and iron were
determined from the filtrates using a plasma emis-
sion spectrophotometer (ICP/AES, ARL 3580).
Total dissolved nitrogen (N,,,), ammonium (NH,),
and nitrate (NO,) were determined spectropho-
tometrically with a Tecaton FIA-analyser. The
concentration of dissolved organic matter was
determined as KMnO,-consumption in 1990-91
and as dissolved organic carbon (DOC) with a
Shimadzu carbon analyser from 1992 onwards.
For 750 samples, the determination was done by
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Fig. 1. Location of catchment sites

Kuva 1. Tutkimusalueiden sijainti

both methods and the values of KMnO,-con-
sumption were converted to DOC by using the
following equation (Joensuu et al. 2001):

Cpoc =0.164 Cyypuos 3.2 ey
(r*=0.978)

The catchment characteristics and runoff water
quality are described by using basic statistics:
distributions, means, medians, and standard er-
rors. The duration of the effects as well as the
relationships between water quality and basin
characteristics were examined using the Mann-
Whitney U-test, which is suitable for skewed dis-
tributions, and correlation (Pearson) and regres-
sion (SYSTAT 1996) statistics.



Samuli Joensuu et al.

20

69 99 4 Yo 12t 000 00 06 ¥'ee 0°0¢ H.LToPT N.00099 ooy,
el €9 00°S STl 000 00 008 9¥¢ 09¥1 H.SSoPT N.SSoS9 BRUIUTWIS
a4 000 8¢0 8¢TI 4! 09t oY LSy 9'8¥ H.SToLT N.SSob9 1arefern
ol £8°0 £9°Cl S0] 000 86 00 L'LS 9¢Cl H.0V0ST N.6So9 nmo
8’8 w's (A 9¢°0 060 6'C 6'9¢ Lee 8'LYL H.9Y0ST N.LSoV9 nmo
€9 £6°¢ La 4 000 Yo €8¢ 0°LT 8°6¢ 0'8¢ H.8T0ST N.STot9 nhueyin
601 ce'8 000 cee 000 8L 00 1894 6°611 H.6506T N.10o¥9 ourynsy
L9 16°¢ 000 6L°0 000 1y 9'1¢ 6'CC ¥'€9 H.6000€ N. 1079 ourynsy
8¢l e I8 LT'C 8T0 00 L1y 1'¢8 0°L6 H.850€T N.LOoV9 joleresy
Y L9T €0 910 9¢'C 6°0F 16 ¢el 9t H.850£T N.€0o79 snuues|
€61 (494 Ly 1¢°¢1 000 60T 00 €69 1°68 H.0T6CT N.SToT9 Bjofeynesy
8'8 0T'1 09°L 000 000 8'LL 00 [ 9°L8 H.6S01T 'N.9ToT9 ojofeynesy
't 610 LSO €0’ 670 719 00 oYl 8'8¥ H.€S1T NeIToT9 jolosT
99 881 000 90 Pl €L 1'ce 9°CC 0°LIT H.T1oST N.TToE9 e[auuryy
€9 9% 8¢'T 1€°0 000 €89 [\ LA 4 19 H.0t06T ‘N.6S019 nfreyesung
6°¢ 6l°¢ ¥Te LY'0 000 079 0'Cl €'¢T 001 H.8160€ ‘N.SToT9 LICBASATOIITY
53 ST 000 96°'1 000 0°¢ 0°¢¢ 8'¢T 865 H.¥000€ ‘N.6ToT9 eyeseysd
€T LT 000 6L°0 000 <19 00 8'¥C 3 H.¥000€ ‘N.8ToT9 eyeseysd
'8 8¢9 000 000 €0'C LS8 el L'se SL H.1SoST NL1So09 E[mewlo
0¥ L6'E 000 000 000 0'86 0C col 6'CY H.L0oET "N.800T9 oruyI3]
(42! 000 e 80°11 000 0°00T 00 ¥LT 06L H.9%0CT N. 11679 BIATED]
9Y 000 €80 cL'e 000 0°00T 00 T6C €Ie H.6£0CT ‘N.016T9 BIATET]
(44 000 8T0 000 ({33 00 009 6°¢l £ee H.6¥0CT ‘N.TFo09 e&)A0d
[0 wy — YOV JO ury % % ey ey
YL anangy DYDY y1ysay oualfy vj108 vj108 1714 p-vjuid
[vjor, jed 9sIB0)) WNIPSA urg vy DiAdY Y] o uuny 00 nuinlis anjn-vuinjn,|
spuepead spuepead BoIR BOIR
1ddAA) upvww fijoJ — 9dA) pue 21X} 10§ WONog , 1004 J[MIoq pajeay, B0, uones0] jusuIyole)

"DOUISIDUUIALY DULIS]I]IDA UDAOS 1D] UDYDIY — DYDY ‘DOUSIDUUIALY DILDSII]IDA UDPILY ID] UNSDIY UDIYADY — DIYADYIYSDY DOUISIDUUIALY
DULDSIIIIDA UNSDIY UOUDY 1D] URADS —O0udI[] "bplo uLy ‘vssvlyjod uailosnisouuny snnso uaading vl Ua1yyON]J1[LIPVUSIDUUIALY, "DISYRASIDUILO UBPIINID-DUNID| "] OYYNINY]

‘[9ABIS 10/pUE puBs AQ PAIRUIIOP [I0S [BISUTUL = ISILOD “)IS I0/PUL WEOJ ISILOD AQ PIJBUTWIOP [10S [BISUIU = WNIPIUT
“WeO[ dUTy J0/pue AB[O AQ PJBUTWIOP [10S [BISUIL = UL "YI}IP JO UL UT ‘SAYOJP PIUIBJUTEUI IO MU JO W0)}0q Ik adA) pue 2Inixa) [10S, "SONSLIDIOBIBYD UISLq SUI0S " J[qRL



RESULTS
Nitrogen

The mean annual concentration of N, during the
calibration period was 0.78 mg I"". After ditch
network maintenance the annual N, concentra-
tions varied between 0.59 and 0.67 mg I"'. The
basin mean varied from 0.32 to 1.30 before and
from 0.31 to 1.16 after the treatment. The slight
decrease in N,,-concentration found during the
first three years (Ahti et al. 1999) was still seen
in the sixth year after the maintenance (Fig. 2).

Before treatment, catchment mean concen-
tration of NH,—N varied between 0.001 and 0.142,
and after ditch maintenance between 0.004 and
0.405 mg 1.

Mean NO,-N concentrations were lover for
the treatment sites compared to the control sites
during the pre-treatment period and the difference
was significant (Fig. 2). The effect of ditch main-
tenance on NO, concentrations was therefore dif-
ficult to ascertain.

Mean annual concentrations of mineral nitro-
gen (NO;-N + NH,-N) generally remained at a
raised level in the treatment catchments during
the whole six-year period compared to the con-
trol catchments. The catchment mean annual N,
concentration varied between 0.15 and 0.19 mg
1" after the treatments, and between 0.05 and 0.08
mg "' in the control sites. The concentration of
organic nitrogen (N,,—N,...) decreased signifi-
cantly after ditch network maintenance and re-
mained low during the whole six-year period (Fig
2).

Phosphorus

During the pre-treatment period, catchment mean
annual concentrations of dissolved total phospho-
rus varied between 0.027 and 0.458 mg " In the
post-treatment period, the corresponding varia-
tion was from 0.031 to 0.143 mg I"'. The distinct
decrease in the maximum value was due to usu-
ally high concentrations before maintenance at
one site, Ruskeesuo, and the marked decrease
after treatment.

In the first year of the post-treatment period,
P concentrations tended to increase in the runoff
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water from both treated and control sites. In the
control sites this increase exceeded the corre-
sponding increase in the treated sites (Ahti et al.
1999). During the five last years of the post-treat-
ment period, P concentrations were lower than
during the calibration period. Phosphorus con-
centrations in the control sites were also lover
during the treatment period than in the calibra-
tion period and, consequently, concentrations
from the control and treatment sites did not show
any statistically significant difference. In the sixth
year of the post-treatment period, P concentra-
tions from the treatment sites were, however,
lower than in the control areas and the difference
was significant (p<0.01) (Fig. 2).

During the pre-treatment period, the monthly
concentrations of total dissolved phosphorus were
positively correlated with organic nitrogen and
DOC concentrations (Table 2). In the post-treat-
ment period, the P concentrations were also posi-
tively correlated with the concentrations of so-
dium, potassium, magnesium, aluminium and
iron.

Suspended solids

Mean annual concentrations of suspended solids
increased considerably after ditch maintenance.
The increase was most conspicuous in the first
year after maintenance, particularly in the follow-
ing spring (Joensuu et al. 1999a, Ahti et al. 1999),
but could still be clearly seen in the sixth year
after treatment (Fig. 2).

The type of subsoil explained 62% of the vari-
ation in the concentration of suspended solids
(Joensuu et al. 1999a):

C.=—11.2+19.6Lg+ 7.52L,,+ 3.82L+ 1.49L, (2)
(t*=0.62, F = 9.84, p<0.001)

where C,, = concentration of suspended solids,
mg I, L; = total length of the ditches dug into
fine-textured subsoil within each catchment, km
(p<0.01), L, = total length of the ditches dug into
medium-textured subsoil, km (p<0.001), L, =
total length of the ditches dug into coarse-tex-
tured subsoil, km (p<0.05) and L, = total length
of the ditches dug into deep peat, km.
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Fig. 2. Mean pH, electric conducitivity (EC) and concentrations of suspended solids (SS), DOC, N,,;, NH,-N, NO;-N,
organic N, mineral N, total dissolved P, Na, K, Ca, Mg, Al and Fe in treated areas and control areas before ditch network
maintenance and in six years after it. Significant differences between control and treatment (Mann-Whitney U-test): ns =
nonsignificant, ¥ = p<0.05, ** =p <0.01, *** =p <0.001. C.= calibration period, 1.-6. = years after treatment.

Kuva 2. pH:n ja sihkonjohtavuuden (EC) sekd kiintoaine- (SS), N,,- NH,N-, NOs-N-, orgaanisen typen, mineraali-
typen, P-, Na-, K-, Ca-, Mg-, Al- ja Fe-pitoisuuksien keskiarvot vertailualueilla ja toimenpidealueilla ennen kunnostus-
ojitusta ja kuutena vuotena kunnostusojituksen jdlkeen. Vertailu- ja toimenpidealueiden merkitsevdit erot: ns = ei merkit-
sevd * = p<0.05, ** = p<0.01, *** = p<0.001. C. = kalibrointijakso, 1.—6. = kunnostusojituksen jdlkeiset vuodet.



DOC and pH

Pre-treatment mean annual DOC concentrations
were 31.0 mg "' and 23.3 mg |! during the 6-
year post-treatment period. Catchment mean val-
ues varied between 12.0 and 50.2 mg I"! before
ditch network maintenance and between 11.2 and
58.0 mg I'! afterwards. During the calibration
period, DOC concentrations from the treatment
and control sites did not differ from each other.
Post-treatment mean annual concentrations of
DOC were lower for the treatment sites (Fig. 2)
and the difference was significant (p<0.001).
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During the pre-treatment period, DOC con-
centrations correlated positively with organic ni-
trogen, iron and phosphorus, and negatively with
pH. After ditch maintenance DOC concentrations
were still correlated with organic nitrogen, phos-
phorus and pH, but not with iron (Table 2).

Differences in pH between the treatment sites
(mean 5.63) and control sites (mean 5.69) was
small during the pre-treatment period (Fig. 2).
Immediately after ditch maintenance, however,
the mean pH value increased by 0.6 pH units. In
the sixth year after ditch maintenance, pH con-
tinued to be 0.3 units higher than during the pre-

Table 2. Pearson correlation coefficients between monthly values of some water quality parameters before (a; n=225) and
after (b; n=942) ditch network maintenance. SS = suspended solids, EC = electric conductivity. Statistically significant

values (p<0.05) are given in boldface.

Taulukko 2. Erdiden vedenlaatumuuttujien kuukausikeskiarvojen viliset Pearsonin korrelaatiokertoimet ennen (a) kunnos-
tusojitusta ja sen jclkeen (b). SS = kiintoaine, EC = schkonjohtavuus. Merkitsevdt erot (p < 0.05) lihavoidulla tekstilld.

a) Ntot NH,-N NO;-N Org. N Min.N DOC C/N EC pH Na K Ca Mg Al Fe
Ntot 1.000

NH,-N 0.473 1.000

NO;-N 0.415 0.036 1.000

Org. N 0.891 0.286 0.017 1.000

Min. N 0.585 0.518 0.874 0.154 1.000

DOC  0.642 0.196 -0.181 0.815 -0.059 1.000

C/N  -0.450 -0.177 -0.201 -0.404 -0.258 0.103 1.000

SS 0.445 0.562 0.100 0.341 0359 0.111 -0.363 1.000

EC 0.491 0.147 0.258 0.434 0.293 0.248 -0.317 0.191 1.000

pH 0.202 0.196 0315 0.043 0.365 -0.335 -0.495 0.440 0.373 1.000

Na 0.443 0.379 0301 0.293 0.442 -0.018 -0.459 0.493 0.439 0.685 1.000

K 0.339 0.106 0360 0212 0.359 -0.116 -0.376 0.216 0.156 0.406 0.540 1.000

Ca 0.491 0.119 0373 0.387 0.377 0.034 -0.484 0.292 0.701 0.685 0.494 0.404 1.000

Mg 0.472 0.119 0353 0374 0360 0.021 -0.481 0.339 0.699 0.701 0.556 0.416 0.972 1.000

Al -0.208 -0.262 -0.191 -0.091 -0.291 0.082 0.256 -0.157 -0.263 -0.602 -0.395 -0.215 -0.459 -0.371 1.000

Fe 0.574 0.649 -0.034 0.539 0.287 0.395 -0.285 0.510 0.161 0.246 0.350 0.105 0.267 0.261 -0.157 1.000
P 0.395 0.099 -0.018 0.464 0.033 0.442 -0.110 0.136 0.292 -0.111 0.027 0.098 0.097 0.084 0.025 0.180
b) Ntot NH,-N NO;-N Org. N Min.N DOC C/N EC pH Na K Ca Mg Al Fe
Ntot 1.000

NH,-N 0.605 1.000

NO;-N 0.423 0.200 1.000

Org. N 0.755 0.068 -0.037 1.000

Min. N 0.680 0.848 0.686 0.033 1.000

DOC  0.535 -0.040 -0.159 0.832 -0.115 1.000

C/N  -0.138 -0.043 0.024 -0.168 -0.022 0.140 1.000

SS 0.006 0.009 0.025 -0.011 0.021 -0.081 -0.047 1.000

EC 0.244 0.106 0.255 0.142 0.214 0.012 -0.163 -0.074 1.000

pH -0.015 0.160 0.182 -0.213 0.215 -0.481 -0.248 0.002 0.414 1.000

Na 0.300 0.241 0.232 0.143 0.299 -0.125 -0.234 0.047 0.499 0.598 1.000

K 0.152 0.043 0.247 0.060 0.164 -0.131 -0.178 0.323 0.239 0.237 0.479 1.000

Ca 0.161 0.085 0.205 0.067 0.170 -0.065 -0.152 -0.059 0.889 0.473 0.441 0.225 1.000

Mg 0.188 0.033 0.281 0.100 0.174 -0.080 -0.198 0.043 0.873 0.538 0.530 0.464 0.896 1.000

Al 0.020 -0.096 0.128 0.029 -0.003 -0.055 -0.082 0.381 -0.048 -0.019 0.204 0.895 -0.051 0.221 1.000

Fe 0.285 0.143 0.208 0.195 0.217 0.033 -0.126 0.353 0.089 0.183 0.451 0.891 0.083 0.321 0.890 1.000
P 0.351 -0.042 0.029 0.493 -0.016 0.353 -0.120 0.217 0.144 0.017 0361 0.568 0.107 0.232 0.524 0.637
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treatment period (Fig. 2). Concurrent with these
changes at the treated sites, the mean annual pH
in the control sites decreased from 5.69 to 5.18.

Base cations

Concentrations of sodium, potassium, calcium
and magnesium in runoff water were higher after
ditch maintenance (Fig. 2). The differences be-
tween treatment and control sites were statisti-
cally significant (p<0.001) throughout the six-
year post-treatment period, and the increase could
still be clearly seen during the sixth year after
treatment for all four base cations. The concen-
trations of all base cations correlated positively
with each other and with the pH-values, both be-
fore and after treatment (Table 2).

After having been only slightly higher (0.54
mg 1) than in the control areas (0.49 mg 1) dur-
ing the pre-treatment period, the mean annual
concentration of K varied between 0.79 and 1.18
mg I'! during the post-treatment period. The mean
annual K concentration in the control sites dur-
ing post-treatment period varied between 0.48 and
0.56 mg I'".

Iron and aluminium

The mean concentrations of Fe and Al showed
elevated values after treatment especially the first
year, but later the influence of ditch maintenance
was less (Fig. 2). However, the median annual
concentrations of Fe and Al in the treated sites
did not increase after ditch maintenance. This was
because the increases in Fe and especially Al con-
centrations were usually short-lived and occurred
in only a few of the 23 sites. Such peak concen-
trations were particularly strong in the
southernmost Poytya site, which was eutrophic
and had a thin peat layer over a fine textured sub-
soil. The mean annual Al concentration of the first
year after ditch maintenance at this site was 22.2
mg | and that of Fe 15.6 mg I}, with individual
samples during the digging operation exceeding
160 mg Al I'! and 120 mg Fe I''. Elevated mean
concentrations also occurred during the second,
third and sixth year after treatment.

DISCUSSION

In earlier studies dealing with drainage of pris-
tine peatlands, long-term changes in the concen-
tration of suspended solids in runoff have been
reported (Kenttamies 1987, Ahtiainen &
Huttunen 1999a, Alatalo 1999). At a site studied
by Manninen (1995, 1998, 1999), the effects of
ditch maintenance could still be seen in the con-
centration of suspended solids 3—5 years after the
digging operations.

The increased loads of phosphorus resulting
from forest drainage have been connected with
an increase in the load of suspended solids
(Kenttamies 1980, 1981, Kenttamies & Vilhunen
1999, Ahtiainen & Huttunen 1999a and b). In our
material the concentrations of total P, which does
not include particulate phosphorus, were not sub-
stantially changed by ditch maintenance. Further-
more, P concentrations were only weakly corre-
lated to subsoil texture, but were positively cor-
related to DOC concentrations. It can therefore
be concluded that a great part of the dissolved P
in our data is organic phosphorus.

The concentration of suspended solids in-
creased conspicuously after ditch network main-
tenance. This change was most probably con-
nected with a corresponding increase in the con-
centration of particulate P. However, as particulate
Pis largely unavailable for algae even in the run-
off waters from agricultural soils (Ekholm 1998),
it is probably much less available in forest wa-
ters which contain mineral particles originating
from the unfertilised bottom surfaces of the
ditches. Consequently, it might be more relevant
to use total dissolved phosphorus to estimate the
effects of ditch network maintenance.

Runoff waters from organic soils have been
reported to contain more N than waters from min-
eral soils (Saukkonen & Kortelainen 1995,
Kortelainen et al. 1997, Kortelainen &
Saukkonen1998, Kortelainen et al. 1999).
Ahtiainen & Huttunen (1999a) and Manninen
(1999) both reported raised concentrations of to-
tal nitrogen after first ditching and ditch mainte-
nance. However, in our study, there was a slight
decrease in concentrations of total N, which per-



sisted throughout the six-year observation period.
In addition to the effect of different methods of
chemical analysis being used between the stud-
ies, the discrepancy can be explained by natural
variation (Joensuu et al. 2001).

Total N consists of organic and inorganic
forms. In our data, organic N was the dominant
form. However, the concentration of mineral ni-
trogen clearly increased after ditch maintenance
while the concentrations of organic N decreased.
The decrease in organic N was reflected in the
clear decrease in DOC concentrations which they
were strongly correlated to.

The significant increase in pH after ditch
maintenance persisted throughout the six-year
observation period. This change is probably re-
lated to the drop in the water table depth. After
treatment some of ditch water is derived from
deeper soil layers, which have higher pH and
concentrations of exchangeable base cations. In
the Docksmyren peatland area in Sweden, the pH
of soil water was 0.5-1.0 units higher in deep
peat layers than in surface peat, and correspond-
ingly, the concentrations of the base cations were
higher and the concentrations of organic N and
DOC lower in deeper peat layers (Lundin 1996).

Most of the changes in runoff water quality
caused by ditch network maintenance were still
clearly to be seen six years after treatment. It is
therefore important to continue monitoring in
order to determine when the effects of ditch main-
tenance diminish to control levels.
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Kunnostusojituksen pitkiin ajan vaikutus valumaveden ominaisuuksiin

Laajamittainen metsaojitusalueiden kunnos-
taminen alkoi Suomessa vuoden 1987 jilkeen.
1990-luvulla ojitusalueita kunnostettiin vuosittain
keskimaarin 75 000 hehtaaria. Vuosina 2000—
2010 toteutettavan Kansallisen metsdohjelman
mukaan vuosittain tullaan kunnostamaan 110 000
hehtaaria ojitusalueita.

Tutkimuksessa tarkastellaan kunnostusojituk-
sen vaikutusta valumaveden kiintoaine- ja ravin-
nepitoisuuksiin pitkalld aikavalilla kaivun jalkeen
23: lla eri puolilla Suomea (Kuva 1) sijaitsevilla
kaytannon kunnostusojitusalueilla. Havaintoalue-
joukko on osa vuonna 1990 aloitettua Metséta-
louden vesistohaitat ja niiden torjunta (METVE)
-projektiin liittyvaa laskeutusaltaiden toimivuutta
kasittelevaa tutkimusalueverkkoa (Ahti et al.
1995b). Taman tutkimuksen tarkastelujakso kasit-
ti yhdestd kolmeen vuotta kestavan kalibrointi-
vaiheen ja kunnostusojituksen jélkeisen kuuden
vuoden veden laadun seurannan sulan maan
kaudella.

Tutkimusaluepari muodostui toimenpidea-
lueesta ja vertailualueesta, joilla tehtiin perus-
tamisvaiheessa ojien kunnon kartoitus seka puus-
ton ja kasvupaikkojen inventointi. Kunnostus-

ojituksen jdlkeen tehdyssa ojakohtaisessa inven-
toinnissa mitattiin systemaattisella otannalla kun-
nostettujen ojien syvyydet seka kartoitettiin silma-
varaisesti ojaprofiilin kivenndismaa- ja turvela-
jit seka mitattiin maalajien kerrospaksuudet oja-
profiilissa. Vesindytteitd analysoitiin kaikkiaan
3867 kpl. Naytteet otettiin yleensa viikoittain ja
kevittulvien aikana kaksi kertaa viikossa. Nayt-
teenottokausi jatkui lumentuloon ja ojien jaaty-
miseen saakka.

Vesindytteet suodatettiin lasikuitupaperisuo-
dattimen lapi (huokoskoko 1,2 mm). Suodate-
tuista naytteistd maaritettiin liuennut kokonais-
fosfori, natrium, kalium, magnesium, kalsium,
alumiini ja rauta ARL 3580 ICP plasma emissio
spektrofotometrilla. Kokonais-, ammonium- ja
nitraattityppi maaritettiin spektrofotometrisesti
Tecaton FIA-analysaattorilla. Veteen liuenneen
orgaanisen aineksen pitoisuus madritettiin vuosi-
na 1990-1991 kaliumpermanganaatin kulutukse-
na SFS 3036 menetelmalla ja vuoden 1992 alus-
ta orgaanisen hiilen maarana (DOC) Shimazu-
hiilianalysaattorilla. Kaliumpermanganaatin ku-
lutuksena mitatut arvot muunnettiin liuenneen
orgaanisen hiilen arvoiksi. Lisdksi nédytteista
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madritettiin pH-arvo ja sihkonjohtavuus.
Kunnostusojituksen jalkeen kiintoaineen,
ammoniumtypen ja emaskationien pitoisuudet
sekd valumaveden pH-arvo kasvoivat. Orgaani-
sen typen ja liuenneen orgaanisen hiilen pitoi-
suudet sen sijaan laskivat. Totaalitypen ja totaa-
lifosforin pitoisuudet eivit oleellisesti muuttuneet
kunnostusojituksen vaikutuksesta. Vaikutukset
olivat yleensi pitkaaikaisia. Viela kuuden vuo-

den kuluttua kunnostusojituksesta muutokset oli-
vat selvasti havaittavissa. Korkeita rauta- ja alu-
miinipitoisuuden huippuja esiintyi muutamilla
alueilla kaivun aikana ja valittomasti kunnostus-
ojituksen jalkeen.

Valumaveden ominaisuuksien seurantaa tul-
laan jatkamaan yhdeksélla taman tutkimuksen
alueista. Tavoitteena on nailla alueilla vahintdan
10 vuoden aikasarjat.
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