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This thesis was made to estimate the nutrient hgadof Lake
Kankaistenjarvi and the impacts of forestry on t¢fulity of the surface
waters. Forestry was selected as the main foctleedhesis, because most
of the drainage area of the lake is forest andsthgect was topical at the
time. The thesis was commissioned by the Protecweiety of Lake
Kankaistenjarvi, founded in June 2012, and the wpipaiities of
Janakkala and Hameenlinna. The quality of Lake ldast&njarvi has been
noticed to deteriorate, based on sensory obsengtishich has led to a
concern of the future of the lake and foundinghad Protective Society.
The aim of the thesis is to be used as a basistf@r planned researches
of the lake, and give information about the impaatdorestry and the
possibilities to reduce the impacts.

As a theory basis was used existing informatioruabize nutrient drifting
and its impacts, and the impacts of forestry argbidities to reduce the
impacts. Out of the practical methods the mostisggmt was the inquiry,
based on which the experiences of the residentotst lake users were
found out, and the impacts of the wastewater treatron scattered set-
tlement was estimated. Nutrient loading was aldonesed by means of
two different loading modeling systems, and wagnpgles.

It was found out that of the human activities, Ladankaistenjarvi is un-
der phosphorus loading from scattered settlemedtfarestry. More in-
formation is needed to estimate the impacts ofcalitire and internal
loading. Based on the modeling, the nitrogen logdsnmostly of natural
origin, but also scattered settlement, forestryl agriculture have an im-
pact. As a limiting nutrient the impact of phosplris a more significant
contributor to the changes in the lake. In ordesdoure and improve the
status of Lake Kankaistenjarvi, special attentiomusmbe paid to
wastewater treatment in the drainage area. As Wwaaers with a long re-
tention time, and because of the wooded drainage, dhe lake is also
vulnerable to the impacts of forestry, which mustnhinimized.

nutrient loading, forestry, water protection, segdtl settlement

38 p. + appendices 20 p.
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Tassa tyossa arvioidaan Kankaistenjarven ravinnmekitiesta ja

metsatalouden vaikutuksia pintavesien laatuun. Eesténjarven

kuormitustekijoista paapaino valittin metsatalolele koska jarven

valuma-alueesta suurin osa on metséa ja koska ddirgankohtainen.

Tyobn toimeksiantaja on kesakuussa 2012 perustetok#istenjarven
suojeluyhdistys, seka Janakkalan kunnan ja Hammeenii kaupungin
ymparistdtoimet. Kankaistenjarven kunnossa on l@avaiistinvaraisesti
heikentymistd, joka on johtanut huoleen jarven uaisuudesta ja
suojeluyhdistyksen perustamiseen. Tyon tarkoitus toimia pohjana

muille suunnitteilla oleville kuormitustutkimuks#l) seké antaa tietoa
metsatalouden  vaikutuksista ja  mahdollisuuksista ikuasten

vahentamiseen.

Teoriapohjana hyddynnettiin olemassa olevaa tutktmatoa ravinteiden
kulkeutumisesta, vaikutuksista, seka metsataloutt@menpiteista ja
vaikutusmahdollisuuksista. Kaytannon toimenpiteigtéerkittavin oli
asukaskysely, jolla kartoitettin jarven asukkaidega kayttgjien
kokemuksia jarven tilasta, sekad arvioitiin hajataksen jatevesihuollon
merkitystd kuormituksessa. Kuormitusta arvioitinyga kahdella eri
kuormitusmallilla, seké& otettujen naytteiden avulla

Tyossa havaittiin etta Kankaistenjarved kuormittaaistoiminnan osalta
haja-asutuksen, seka metsatalouden fosforipadstéataloudesta ja
sisdisesta kuormituksesta tarvitaan lisaa tietokutasten arvioimiseksi.
Typpikuormitus on mallinnuksen mukaan suurimmil&noluonnollista,

mutta myos haja-asutuksella, sekd metsa- ja maalalla on vaikutusta.
Rajoittavana ravinteena fosforin kuormitus on miggkiampi jarven tilan
muutoksessa. Kankaistenjarven tilan turvaamiseksipgrantamiseksi
valuma-alueen jatevesienkasittelyyn taytyy Kiirditterityistd huomiota.
Pitkaviipymaisena latvavesistbna ja metsaisen valalneen vuoksi
Kankaistenjarvi on myds herkka metsatalouden topiteiden

vaikutuksille, jotka pitdd pyrkid minimoimaan.

Avainsanat ravinnekuormitus, metsatalous, vesiensuojelu, hajdus
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Nutrient loading of Lake Kankaistenjarvi

1

INTRODUCTION

Lake Kankaistenjarvi is a small, oligotrophic lalkeated in the Kanta-
Hame region, belonging to the municipalities of H&mlinna and Janak-
kala. The lake is head waters, and gets its waten the drainage area by
run-off water and groundwater springs. The lakeewauns to Lake
Katumajarvi, and from there to the river Kokeméa&njdhe need to study
the nutrient loading of Lake Kankaistenjarvi is éd®n sensory observa-
tions by the lakeside residents that the waterityuad the lake has dete-
riorated, which has been noticeable due to eutogpion and decrease in
the visual depth of the water. The concern of titaré of the lake led to
the founding of the Protective Society of the l&ankaistenjarvi, which
cooperates with the municipalities of Hameenlinnd danakkala to main-
tain the excellent status of the lake. Part of tuisperation was commis-
sioning a thesis about the nutrient loading of ldlee from HAMK Uni-
versity of Applied Sciences.

The Protective Society of Lake Kankaistenjarvi imsnded on 15 June
2012 and currently it has about 100 members. Tla gothe Protective
Society is to maintain the excellent status of lHie by researching the
condition of and threats to the lake, planning andlementing remedia-
tion and treatment activities, giving recommendaifor water protection
in the area, and taking a stand on the projectgedanut on the lakeside.

The goal of this thesis is to provide informatiamtbe nutrient loading of
the lake and of the effects of forestry on the iqualf surface waters and
give recommendations on how to maintain the higaliguof the lake.
The main focuses of the thesis are the impact refstoy on the lake, and
the inquiry, which is used to estimate the wastew@meatment in the area,
the changes in the lake, and the reasons for theges. Internal loading
and the main drainage area to the north of the Vakebe covered by
other researches planned for the year 2013, amdftine, these parts are
only covered briefly.

The results of the thesis include estimations efrthtrient loading by two
modeling systems, and the estimations of the imp&etater protection

measures used in forestry area on the eastermkitie lake. Recommen-
dations presented in Chapter 7 include recommemtator monitoring of

the lake status and activities in the drainage,area to reduce loading
caused by scattered settlement, how to protecaceinvaters in the for-
estry processes, and other recommendations bagée orquiry.
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2 BACKGROUND INFORMATION

2.1 Definition and description of the study area

Lake Kankaistenjarvi (35.236.1.003) is locatedna Kanta-Hame region,
belonging to the municipalities of Hameenlinna, dadakkala. The lake
belongs to the third river basin district (Kokem@&nArchipelago Sea
Bothnian Sea River Basin District), and is parttlod drainage basin of
Lake Katumajarvi (35.236). The surface area ofitike is 272.6 hectares,
and the area of the drainage is approximately I8ffares (Figure 1).
(Jutila 2012)

Figure 1 Drainage area of the lake Kankaistenjarvi (Jutild2). Scale 1:50000.

Lake Kankaistenjarvi is an oligotrophic, and cleater lake. The status
of the lake has been classified to be excellert,the visibility is from 2.8

up to 6.8 meters. The volume of the lake is appnaexely 15.9 million m3,

and the maximum depth is 17.6 meters. The lengtthefshoreline is
14.97 km. The outlet ditch Myllyoja on the westté lake leads to Lake
Katumajarvi through the Matkolampi pond. Due tonza$l drainage area,
the retention time of water is very long (Jutildl2p

Drainage area of Lake Kankaistenjarvi is relativeiyall, and the lake
covers 21 % of the drainage area. About 3 % ofitaeage area is culti-
vated land, and most of the drainage area cori$tsestry and swamps.
Most of the drainage area is located in the nonthgart of the lake, in-
cluding the only cultivated areas in the drainagaa(Jutila 2012)

The main focus of this thesis was set on the foremtea on the eastern
side of the lake, as it was the most acute caeedtme of this work, and

Metsdkeskus is planning to take samples from tihehdn the largest

drainage area in the north, and possibly take swater protection meas-
ures. (Lukanniemi, interview 5.3.2013.)
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2.2 Limiting nutrients

Nitrogen and especially phosphorus are the limitmgrients for the
growth of phytoplankton in a lake, because theytlaeeonly nutrients for
which there is more demand than supply. Lakes whaile a higher con-
centration of limiting nutrients are called eutraptakes. The opposite is
oligotrophic lake. The term eutrophication is usedlescribe disturbance
in the water ecosystem, which leads to a rapid tiroef biomass.
(Helminen, Mé&kinen & Horppila 1995, 25; Salonenisky Karmeniemi,
Niemi, Pitkanen, Silvo & Vuoristo 1992, 10.)

As a lake becomes eutrophic, the amounts of phgidgpdn and vegeta-
tion on shores and water will increase, the wateality will deteriorate
and the fish stock will be dominated by black claffike valuable fish
species, such as powan and trout, will disappean futrophic lakes. Out
of valuable fish species, only pikeperch also #sivn eutrophic condi-
tions. Eutrophication weakens the ecological stafuke lake and reduces
the possibilities of recreational use of the laRaryilinna & Sammalkorpi
2010, 10-11.)

External nutrient loading alters the food chain ammleases the amount of
blue-green algae. Though the amount of aquatictadge increases, the
diversity will decrease. Species thriving in oligigghic conditions will
disappear and common reed and similar plants &taidrm dense plant
stands in large areas. The decaying of increaseddss will consume the
oxygen in the water, and especially in winter tiaxygen content can be
very low in eutrophic lakes. This can lead to masaths of fish and crab
populations. The accumulation of the nutrientshia lake sediment will
together with the lack of oxygen lead to interr@dding, which can con-
tinue the eutrophication process in the lake fonyngears, even if exter-
nal loading is reduced. (Sarvilinna & Sammalkor@i@, 10-11.)

2.2.1 Phosphorus

Phosphorus is an essential element for all plalig,deecause it is needed
as a component for the production of nucleic aai$ adenosine triphos-
phate. Out of the dry weight of a plant, usually-2.% is phosphorus. Al-
gae usually use dissolved orthophosphate, untictmeentration of it in
the water is very low (less than 1 mg/m3). Soma algecies can also use
dissolved organic phosphorus with the help of tldkaline phosphatase
enzymes. A low phosphatase activity indicates thatplant cells have
enough phosphorus in the cells. Measuring the tmtgdhosphate phos-
phorus doesn’t give accurate results of the amafypthosphorus available
for the plants (Salonen et al. 1992, 21.)

The amount of phosphorus in the water is usually 4md therefore, it is
often a so-called minimal nutrient in an aquatigienment. The increase
in phosphorus content in an oligotrophic lake leadst commonly to a
rapid growth of algae production. Phosphorus erttezslake by deposi-
tion, surface run-off, and from the drainage areaditches and brooks.
The phosphorus loading of the lake depends ondhme bf land use (es-

3
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pecially agriculture) and the rock types on thd sbithe drainage area.
Annual phosphorus loading can be estimated by gagamples and meas-
uring the discharge in the ditches and brooks tepdio the lake.
(Helminen et al. 1995, 28-29.)

Phosphorus is present in the water as dissolvethanac phosphates
(POy?) dissolved or colloid organic phosphorus compoumdsrganic or
inorganic compounds bound to solid matter. A naiide part of phospho-
rus, over 90 %, is bound to algal biomass or saitigles and therefore,
can’t be used by producers. The only usable forphogphorus for plants

is orthophosphate (R®). Phosphate, however, can form compounds with
cations quickly, such as iron and calcium, whicth@ presence of oxygen
are almost insoluble. Phosphorus can also be stordée surface of clay
particles and different kinds of carbonates andrdyides. (Salonen et al.
1992, 12; Helminen et al. 1995, 28-29.)

Phosphorus exits the water body either by outflatewor sedimentation.
The stability of the phosphorus in the sedimemistrolled by the reduc-
tion potential of the sediment surface, pH-leveiperature, and the wa-
ter current. Also, the metabolic activity of ba@eand fungi, and espe-
cially the black clam populations can have an inpac the release of
phosphorus from the sediment to the water. Phosigh@leased from the
sediment accumulates in the hypolimnion duringtthme of temperature
stratification, and is released to the productiagel in the overturn on
spring and autumn. (Salonen et al. 1992, 12; Hedmgt al. 1995, 30.)

Classification of surface waters based on the amaiuiotal phosphorus is
presented in Table 1.

Tablel General quality classification of water systemduesa for total phosphorus.
(Vesistdjen laadullisen kayttokelpoisuuden luokittaen 1988, 34-35.)

Classification  Description Limit value of
Tot.P

Excellent On natural state, clear or small amounts < 12pug/l
humus

Good Slightly eutrophic < 3@/l

Satisfactory Either naturally eutrophic, or under a slic <50ug/|
loading

Unsatisfactory Heavily loaded water system 50-106/1

Poor Spoiled water system, unusable by ot > 100ug/I

activities than transport

2.2.2 Nitrogen

Nitrogen can be present in water as a moleculaogen (N), ammonium

nitrogen (NH), nitrate nitrogen (N&©N), or nitrite nitrogen (N&N), or

as different organic compounds such as amino amdsproteins. Nitro-
gen is one of the two nutrients affecting the puaiiun of the inland water
ecosystems, but it isn’t usually the limiting neiti in Finnish lakes. Ni-
trogen compounds can enter the water system frenaithwith precipita-
tion or dry deposit, processes in the water andhsat which bind gase-

4
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ous nitrogen can release nitrogen to the water,nétnogen can enter the
water as a leaching from the drainage area. Nitragets the water sys-
tem by outflow and denitrification. The balancevibetn entering and exit-
ing nitrogen dictates the nitrogen level in theavdiody. (Helminen et al.
1995, 30-31.)

The most useful of the nitrogen compounds to plantse ammonium ni-
trogen, followed by nitrate nitrogen, and as lds molecular nitrogen.
The main source of nitrogen in the water is theemalar nitrogen which
can be bound by some soil and water bacteria argtdreen algae. Even
the blue-green algae capable to bind moleculaogein, starts using it af-
ter the other nitrogen compounds have been usedmiren et al. 1995,
30-31))

Heterotrophic bacteria break down proteins androbhganic compounds
containing nitrogen and form ammonium. The ammonagntent in the
productive layer is usually low, because photosgsifing algae and vas-
cular plants bind ammonium. In oxygen rich conahsidlitrosomonas and
Nitro bacteria oxidize ammonium to nitrite and nitrate, in a es called
nitrification. In oxygen-free conditions nitrifidah ceases and the sedi-
ment of the lake starts to release ammonium batket@irculation. In an-
aerobic conditions nitrate is reduced to molecnlaogen, which is either
bound by plants, or returning to atmosphere. Inrogpiic lakes the
amounts of ammonium and nitrate are low in the pectide layer, due to
increased production. (Helminen et al. 1995, 30-31.

3 INQUIRY

To evaluate the changes in the lake and the ingiasstattered settlement,
an inquiry was made using Webropol online survey amalysis software.
The inquiry was sent to the members of the PratecBociety of Lake
Kankaistenjarvi and other property owners on thkedale. The addresses
were received from the Protective Society of Lakankaistenjarvi. For
the recipients, whose email address was knownintingry was sent via
Webropol -software, which enables sending a diiektto the recipients”
email. To others inquiry was sent by mail. The ingwas sent at the end
of February 2013 successfully to 130 recipientsyrail to 61 recipients
and by email to 69 recipients. The inquiry is presd in Appendix 2 and
the summary of the results in Appendix 3.

Out of the recipients, 20 answered by mail and 28rhail. The response
rate by mail was 32.8 %, and by email 40.6 % Thal t@sponse rate was
36.9 %.

3.1 Scattered settlement

Questions 4 and 6-14 in the inquiry were for estingathe impact of scat-
tered settlement, and especially the level of weeter treatment. A sum-
mary of the results is presented in the appendMésstewater treatment
and sanitation systems used in the area are peesentable 2.

5
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Table 2  Wastewater treatment and sanitation systems indthmage area of Lake
Kankaistenjarvi according to the respondents.

Black Grey Separate sauna
wastewater wastewater

Sewer network 5 5 2
Soil filtration 2 16 11
Holding tank 17 7 3
Package treatment 0 0 0
plant

Infiltration system 2 8 10
Dry toilet 19 X X
No treatment X 3 3
Other, what? 2 5 2
Total 46 (47)* 44 31

* One of the respondents answered having both algttand soil filtra-
tion.

Out of the dry toilets, most commonly used was mpmosting dry toilet
which was used by 71 % of the respondents. Therhajf the respon-
dents, 83 %, answered that they aren’t planningchapges in their real
estate or water supply and sewage systems. Theniagnd7 % of the re-
spondents were planning improvements in the treatimiegrey wastewa-
ters, building of a well, or connecting their reakate to the public sewer.
To question 10, about the final disposal of thetev@s holding and depos-
iting tanks, all 19 respondents answered that sevgagtion truck trans-
ports the waste away.

About 62 % of the respondents answered that thagtewater treatment
currently fulfils the demands by the Government ieecon Treating Do-
mestic Wastewater in Areas Outside Sewer Netwdk9/2011). About
36 % of the respondents didn’t know, and only @spondent answered
'‘No' to the question. About 40 % of the respondamswered that they
wash carpets or cars within about 200 metre raftars the lake. Most
commonly the washing was made without detergemtwjtb tall oil soap,
and two respondents mentioned using the washingyuid Fairy.

3.2 Changes in the water quality

Questions 16-27 and 30-31 were made to estimatehtreges in the water
quality.

One of the factors used to estimate the changetkeanlake were the
changes in fish catches and the slime build-upsinirig nets. Out of the
28 respondents 29 % estimated that the fish catwhdslecreased, and 11
% that the fish catches have remained unchangediet didn’t know.
Out of the 29 respondents, only two had noticedrétative amount of
black clams to increase, compared to valuable ht. of the 29 respon-
dents 59 % had noticed slime build-up in theiriighnets, and all of them
also responded that the slime build-up has inccealdee slime build-up is
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most common in summer, according to the majori8/¥d of the respon-
dents.

About 56 % of the respondents had noticed bluergedgae in the lake
and out of them over 81 % answered that it hasroedumore often within

the last five years. Over 50 % of the respondemssvared that the visibil-
ity depth has decreased, no-one answered thaigibdity had increased.

The timing of the decrease in the visibility variedthe responses from
1970 to 2012, but most commonly it was estimatedhdoe happened
within the last 5-10 years. Out of the respondémthie question 24, 44 %
had noticed slime build-up on the rocks on the sfamd out of them 81 %
answered that the slime build-up has increasedmilie last five years.

Out of the respondents 65 % estimated that the atraftaquatic vegeta-
tion has increased, and about a third of the redguis had noticed
changes in the species. According to the answeggdstion 27 almost all
types of aquatic vegetation had increased, but pester-crowfoot, and
perfoliate pondweed were mentioned most commonly.

Question number 30 about the changes in the lakeawswered by 33 re-
spondents. Most commonly mentioned changes werelébeease in the
water level, increase in aquatic vegetation, theretese in the visibility

depth, and the increase in the amounts of blueagaggae. Changes in the
fish catches, increased amounts of humus, and diumd-up were also

mentioned in a few answers. In a few responsetieges in the lake
were mentioned to be minor.

Most of the 21 respondents to the question 31 astidithe changes in the
lake to be caused by the waters running from thesfoy area. The sec-
ondly most common answer was the increased setilenear the lake,

and other answers included ditching of the margasain the northern

drainage area, cultivated areas and the soil llumdthe northern drainage
area, climate change, and deposition of polluted ai

4 NUTRIENT LOADING OF LAKE KANKAISTENJARVI

Nutrient loading can be divided to internal loadargl external loading.

4.1 Internal nutrient loading

Internal nutrient loading means the release of phosis back into the
circulation from the sediment of the water bodyeTklease of phospho-
rus usually begins when the oxygen content on tiin is low, for ex-

ample, during winter time. Internal loading canoat&cur without oxygen
depletion, due to high pH. Black clam-intensivénfopulation, which is

common for eutrophic lakes, can also increaserttegrnial loading, by col-
lecting nutrition from the sediment and spreading nutrients by faeces
and secretion. Black clams also use large amourasimal plankton as
nutrition, which assists the growth of algal biosasakes in Finland are
mainly so shallow that the tolerance for wastew@eweak, but on the
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other hand, lakes are deep enough for the stiiic of water, which
weakens the oxygen supply to the lower water laglarsng the stratifica-
tion periods. (Helminen et al. 1995, 74-77.)

Determining the internal nutrient loading of a lakemore challenging
than external nutrient loading, because of theréational movement of
matter between sediment and the lake. One cleara$iopternal loading is
if external loading has decreased significantly, il the nutrient content
in the water is higher than it should be basedxtereal loading. Another
sign of internal loading is if the phosphorus comtie the water increases
during the growing season and low inflow. Interlzading can occur by
various mechanisms, including phosphorus diffusifom the sediment to
the water, wind-induced resuspension, gas convediad bioturbation. In
order to have the most effective rehabilitation lmoels for an eutrophic
lake, it is important to find out with at least aderate accuracy what the
internal loading mechanism in the lake is. (Martékmn Marttunen, Ulvi,
Visuri, Dufva, Sammalkorpi, Ahtiainen, Lemmeld, Aoen, Partanen-
Hertell, Lehto, Vaisanen, Mustajoki & lhme 2010,)25

The internal loading of Lake Kankaistenjarvi coltdoe thoroughly esti-
mated in this thesis, due to the lack of reseagshilts. Considering the ol-
igotrophic state of the lake, and the relativelp@@xygen situation in the
bottom of the lake in the taken samples (Jutila2}0it can be anticipated
that internal loading doesn’t necessarily havegaifstant effect on the
loading of the lake, but to be sure the situatioousd be estimated by re-
searching the lake sediment. Some estimationslsarba made by moni-
toring the oxygen level in the basins of the lak&] by estimating the nu-
trient balance of the lake, which requires samplgp from the drain
ditch.

4.2 External nutrient loading

External nutrient loading can be divided to poiotirse loading and non-
point source loading. Point source loading origgsafrom a specific
source, such as a factory, fish farm or urban comtypuwhich can be eas-
ily measured and controlled. Non-point source Ilogdoriginates from

wide, unspecific areas, making the controlling tofmore difficult than

point source loading. Non-point source loading nsedor example, the
loading from cultivated areas and forests. Somienasibns of non-point
source loading can be made, for example, on this bashe distribution

of the land use of the drainage area. Results lvanwever, be regarded
only as suggestive, because the non-point souackng varies greatly by
year, depending on, for example, the amount ofatirNon-point source

loading from the cultivated areas is the most $iggnt source of nutrient
loading to the surface waters, especially when idensig the amount of
phosphorus. (Helminen et al. 1995, 77-78.)
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4.2.1 Drainage area to the north of the lake

Drainage area to the north from the lake is appnaxely 620 hectares, in-
cluding the only cultivated areas, approximatelyné@tares, in the drain-
age area of the lake. Approximately 90 hectarab®farea is marsh area,
and the rest are forest and roads (Jutila 2012nmMétauslaitos n.d.)

Kokemaenjoen vesistdon vesiensuojuyhdistys ry (IKYY) (unofficial
translation: Water Protection Society of the rikekemaenjoki water sys-
tem), which operates to improve water quality ia thrainage area of the
river Kokemaenjoki, took three water samples fragva Komulahti ditch
transporting water to the lake on October 31st 20h2 samples were an-
alyzed in the KVVY laboratory, and the results andp are presented in
Appendix 1.

During the time of the sampling, the discharge @amp1 in the mouth of
the ditch was 100 I/s. Above the cultivated areapaint 3 the discharge
was only 18 I/s, so it rose fivefold before pointld point 3 water was
clear, low in nutrients, acidic, and low salt humveger. The hygiene level
of the water was good. (Oravainen 2012.)

In point 2 water was more murky, and pH was low Z8 nitrogen con-
tent was slightly increased, but despite the higimis content the amount
of ammonium nitrate was low. Phosphorus conterreased threefold be-
tween the sampling points 2 and 3, and about 40 Foweas in dissolved
form, and therefore, originating from erosion. Baitm coli was also
present in the sample, so there are deficiencieshén treatment of
wastewater in the area. (Oravainen 2012.)

In point 1. water quality was slightly better thianpoint 2 and water was
clearer, so waters on the downstream have had dqaaity. (Oravainen
2012.)

4.2.2 Forestry area in the drainage area of the lake

On the eastern side of the lake is located a fiyresea of UPM (United
Paper Mills), which is in the drainage area of ldlee. A notice of pro-
posed cutting in the area was made in autumn 28idthe clear cutting
was carried out during the winter time 2010-201tLngs were extracted
from the Heindmaki hill area in July 2012, and #nea below the hill was
mounded in spring 2012 (Figure 2). The distancenftbe cutting area to
the lake is about 300 meters, and in-between tiseaedirect connection
by a ditch. (Honkala 2012, memorandum.)
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Figure 2 Clear cutting area of Heinamaki hill and the diteading to Lake Kankais-
tenjarvi.

KVVY took two samples from the ditch on October 812012, and they
were analyzed in the KVVYs laboratory. The resatel map are pre-
sented in Appendix 1.

According to the results, the water was relativedar, and the content of
solids was on a normal level. Electrical condutyiwvas low, and water
was acidic humus water. The discharge at the tifreampling was ap-

proximately 30 I/s. The phosphorus content wast &igher than normal,

and over a half of it was in a dissolved form. Wditas an eutrophicating
effect on the lake because phosphorus is the mmimutrient for produc-

tion. The hygiene level of water was good. Durihg time of sampling,

water quality was better in the sampling point betbe forestry area than
in the point above the area, so at the momenttfgrasea didn’t cause ex-
tra loading. (Oravainen 2012.)

4.2.3 Scattered settlement

Scattered settlement accounted for 3 % of the getnpand 8 % of the
phosphorus, of the total nutrient loading causedthloypan activities in the
year 2004. The goal to reduce nutrient loading, B&d by 30 % before
year 2005 was clearly unaccomplished, but the newe@ment Decree
on Treating Domestic Wastewater in Areas OutsideveBeNetworks

(209/2011) which came into effect in 2003 has imprbthe protection of
water systems. (Vesiensuojelun  suuntaviivat  vuoteeP015

Valtioneuvoston periaatepaatds (Finnish Governrdeaision-in-principle

on Water Protection Policy Outlines to 2015) 201%.)
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The new Government Decree on Treating Domestic 8Mager in Areas

Outside Sewer Networks came into effect in 2011lla@pg the one

passed in 2003. The transition period of the neeredeends in the year
2016. The new decree demands that the purificdiosl of the domestic
wastewater has to be at least 80 % of organic mate% of total phos-

phorus, and 30 % of total nitrogen compared to eatéd domestic
wastewater based on so-called load factors. Irsarglmerable to contam-
ination, corresponding figures can be as high a%096f organic matter,

85 % of total phosphorus, and 40 % of total nitrogéJatevesiA

209/2011.)

Other significant demands are the statement ofamthstewater treatment
system, required in the fifth article of the de¢reagsed on which it is pos-
sible to estimate the load of the treated wastewatal up-to-date use and
maintenance instructions of wastewater treatmestesy, required in the
seventh article. The statement is required alsonwhes possible within
the confines of the environmental protection act léad untreated
wastewater to the soil. The statement and/or iostms have to be kept
on the property, and displayed to the authoritiesemnw requested.
(JatevesiA 209/2011.)

The appendices of the decree include the demandbdstatement of the
wastewater treatment system and the use and manuennstructions.
For example, for the commonly used holding tank Iake
Kankaistenjarvi, the demands are that the use amdtemance instruc-
tions must include instructions on how to test tthat overflow alarm is
functioning properly, which has to be done at leaste a year, how to
manage bookkeeping of the removed wastewater ir dodmake sure the
tank isn’t leaking, and instructions for the ingperof the waterproofness
of the tank, which has to be at least once in fyears. (JatevesiA
209/2011.)

The level of wastewater treatment in Lake Kankaijsi®i is presented in
Chapter 3.1.

Washing carpets on the shores of lakes is stiimesvhat popular hobby
in Finland, based on nostalgia, even though itedtto be limited by

building drained washing places on land. The Cefoir&conomic Devel-

opment, Transport and the Environment for Pirkanmesearched the
loading from the carpets of a single householdhs gummer 2003. The
carpets were washed with a brush and tall oil Soap drained carpet
washing pit, and samples were taken from the wates.contents of solid
matter were high, and sand, clay, organic matterfdoers of the carpet
were released into the water. The amount of nusiand bacteria were
also high. In the rinsing water the amounts weralm but even in the
third rinsing they were clearly higher than the ams in the river water
used for the washing. The impact of tall oil soagswletermined to be so
small that it is insignificant to the total loadingjhe loading originates
from the dirt. (Wirola & Santala 2005.)
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According to the results, washing carpets foulswager even if it is done
with tall oil soap or similar low phosphate detertge Approximately 75

% of the phosphorus released when washing capetsaidissolved form,
and therefore easily usable for plants and algaashivig carpets in the
water can cause deterioration in the hygiene lef/éte water, muddiness
of the water, and increase the growth of vegetatdashing the carpets
further from the water system reduces the impgdtérola & Santala

2005.)

4.3 Mathematical modelling of the nutrient loading

Nutrient loading was modelled in this thesis wittotdifferent loading
models, VEPS and Bilaletdin. The models were setettased on their
good usability and easily attainable information.

4.3.1 VEPS

The VEPS system maintained by the Finland’s enmiental administra-
tion, was selected to be used in the work becafisis onultifunctional
loading values, good usability, and being generaiyl-known.

The VEPS system includes loading values for pamotee pollution, agri-
culture, forestry, natural leaching, depositiond astattered settlement.
The new 2.0 version can also be used to estimat#uing of storm wa-
ter, recreational settlement, and peat productsna source to the system
are the databases of environmental administrasioch as VAHTI (moni-
toring and loading database), and for the calaufatif land use SLICES
database (Separated Land Use/Land Cover Informatgystem).
(Vesistokuormituksen arviointi- ja hallintajarjelsté VEPS 2006.)

The system gives information about the nutrientilog of the water sys-
tem area, the significance of the loading sourcespared to each other,
and also the long period changes for some souftesestimation by the
system has not, however, been compared to regiesalts, and therefore,
the information from the system can be used asdvaakd information,
and fulfilled by measurements, more accurate mongekand know-how.
(Vesistokuormituksen arviointi- ja hallintajarjelstét VEPS 2006)

Table 3  The distribution of land use in the drainage amfakes Katumajarvi, and
Kankaistenjarvi.

Form of use Drainage area ofDrainage area of Lake
Lake Katumajarvi Kankaistenjarvi

Catchment area (km?) 51.07 13

Agriculture (km?) 4.71 0.4

Forestry (km?) 33.76 9.87

Air deposition (km?) 6.82 2.73

Natural leaching (km?) 38.47 10.27

Scattered settlement (pcs) 1096 140

Lake percentage (%) 13.16 21

12
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Specific loading factors, and the distribution ahd use in the drainage
area of Lake Katumajarvi, 35.236, including LakenKaistenjarvi, and its
drainage area, were received from the Hame CeotreEdonomic Devel-
opment, Transport and the Environment, from the é&minna unit.
(Hulkko, e-mail 13.12.2012)

The distribution of land use in the drainage arehake Kankaistenjarvi,
presented in the Table 3, was estimated basedeomdp of the drainage
area (Jutila 2012), and information on Paikkatlkona (unofficial trans-
lation: geographical information map window) (Madttauslaitos). The
values for agriculture and scattered settlemenkeatienated based on the
information on Paikkatietoikkuna, the figure of deposition is based on
the surface area of the lake, the area of nataeahing is calculated by
combining the areas of forestry and agriculturac8ithe drainage area of
the lake is wooded, the amount of forestry wasrested to be the size of
the drainage area, reduced by the areas of agnieudtnd the lake. The
amount of scattered settlement units in the dr&ireaga was estimated to
be 140 pieces, based on the partition of realestatraikkatietoikkuna.

The latest information in the VEPS system for tiverr basin 35.236 is
from the year 2007, except for forestry, for whible latest information is
from the year 2005, and the latest informatiorhef deposition is from the
year 2002. The yearly variations of the values frt®#80 to the latest in-
formation are large. The specific loading factavs &griculture, natural
leaching, and scattered settlement have remaingtanged from the year
1990 to 2007, so they can be considered relatikadligble in describing
the current situation. The specific loading faciams presented in Table 4.

Table4 The specific loading factors for the drainage aofalake Katumajarvi

(35.236)
Specific load [kg/km2]/[kg/pcs] Phosphorus Nitrogen
Agriculture 62.00 1494.81
Forestry 0.91 14.02
Air deposition 12.90 563.52
Natural leaching 6.03 176.26
Scattered settlement 0.33 1.98

The values of forestry varied between the year®9XEfl 2005 from 2.15
kg/kmz to 0.91 kg/km?2 considering phosphorus anthfil9.74 kg/km? to
14.02 kg/km? considering nitrogen, and they havenbeearly decreasing
over the known period. During the years from 2002005 the variation
has been minor, and the decrease has slowed ddwnefdre, the latest
values of the year 2005 were considered to be tist reliable.

The values of air deposition varied between thesy&890 and 2002 from
21.05 kg/km2 to 8.16 kg/km? considering phosphaansg from 708.80
kg/kmz2 to 442.27 kg/km2 considering nitrogen. Tiheoant of air deposi-
tion depends strongly on the weather, so the aeerafjthe values were
considered to be the most reliable values for stemation. The average
value for phosphorus was 12.90 kg/km? and for ggro563.52 kg/km?2.
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4.3.2 Bilaletdin model

Bilaletdin model, developed by the Tampereen jesympaéristopiiri (un-
official translation: Tampere district of watersdaenvironment) was se-
lected to be used in this project due to the lichaenount of easily acces-
sible loading factors.

Bilaletdin model was originally used in the watemservation study of
Langelmévesi route. The model is based on two g&rgimulas for the

yearly total loading of phosphorus and nitrogentnkdas take into ac-
count the loading impacts of agriculture, point reeuloading, scattered
settlement, forestry, and leaching. Air deposit®mcluded in the leach-
ing. The idea behind the selected formula type toagenerate a method
for the estimation of the loading, with as smallcamit of easily accessible
contributors as possible, but so that the loadmgdcbe divided to differ-

ent sources of loading. (Kaipainen, Bilaletdin, tReéa, Heino, Makela,

Viitaniemi 2002, 16.)

In the formulas, point source loading consists rafustry, wastewater
treatment units in urban areas, fish farming faesi peat production,
landfills, etc. Loading values of significant poisburce loaders can be
found in the monitoring and loading database (VAHTIhe value for
scattered settlement is based on an estimatiort #diedistance to the wa-
ter system and the water treatment efficiency oltimgs. The estimation
of the impacts of forestry is based on specificling factors, drawn from
different sources. The leaching used in the fornmdéudes the values of
natural leaching, air deposition, and human impawth as logging roads.
(Kaipainen et al. 2002, 16.)

LP = (pl + 1)—0.2 [09(2pf + um)0.75 n LW + LS + (Lf + Lb)A—O.OS]

Ly = (p1 +1)7 %' [45(4ps + um)®®+ Ly + Lg+ (Lp + Lp)A™"0%]
(Bilaletdin, Frisk, Koskinen, Wirola 1992, 61.)

Abbreviations, units, and factors used in the Bildih model are shown in
Table 5.

Table 5 Abbreviations, units, and factors used in the Bildih model.

Abbreviation  Description Unit P N
Lp total phosphorus load (kg/km?/a) x -
Ly total nitrogen load (kg/kmz/a) - X
P1 lake percentage (%) 21 21
Pr percentage of arable land (%) 3 3
Uy the amount of cattle units (pcs/km?) 0O 0
L, point source loading (kg/kmz/a) 0O 0
Ly loading from scattered se (kg/km?/a) 4.49 26.96
tlement
Ly loading from forestry (kg/km?/a)  0.91 14.02
Ly leaching (kg/lkm?/a)  7.47 257.53
A the size of the drainage area (km?) 13 13
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The calculations were made using the same spdodiding factors and

information on the distribution of land use as IERS section. Lake
Kankaistenjarvi drainage area doesn’t include asigitpsource polluters,

or cattle. Loading from scattered settlemdn) (vas calculated using the
results of the VEPS section in Chapter 6.1, whieeevialues for the scat-
tered settlement are 46.20 kg/a for phosphorus2&@20 kg/a for nitro-

gen. To get the values to the right unit, they wbveded by the size of the
drainage area reduced by the size of the lake 81Kh2, as the lake% is
already taken into account in the formula. The ueeding factor was

then 4.49 kg/km?/a for phosphorus and 26.96 kgkkrio¥ nitrogen.

In VEPS system the values of air deposition andraateaching are pre-
sented separately, but in the Bilaletdin model theeyconsidered as leach-
ing. The figures of leaching in the Bilaletdin mbdesre therefore calcu-
lated based on the lake% of the drainage area,*dr2Heposi-
tion+0.79*natural leaching, giving the used figurds7.47 kg/km?3/a for
phosphorus and 257.53 kg/km?/a for nitrogen. Tlagliltg factors are pre-
sented in Table 5.

5 IMPACTS OF FORESTRY ON THE QUALITY OF SURFACE
WATERS

Forestry accounts for 8 % of the phosphorus andd #e nitrogen load-
ing from human activities. The reduction of ditajihas reduced the ni-
trogen loading to the waters, as increased farngiof the peat lands has
increased phosphorus loading. (Vesiensuojelun suiwét vuoteen 2015
Valtioneuvoston periaatepaattds (Finnish Governrdeatsion-in-principle
on Water Protection Policy Outlines to 2015) 2Q12+13.)

Forestry is estimated to cause 250-350 tons of ggtwss loading, and
3600-4100 tons of nitrogen loading annually. Theoant is strongly in-
fluenced by the level of water protection measunethe process area.
Ditching, cutting, and soil preparation have thestsignificant impacts
on the increase in the run-off from the drainagmailhese processes and
fertilization increase the concentration of nuttgeim the water flow from
the drainage area. The increased nutrient loadirmguised by a combina-
tion of these impacts. Loading from a forestry aseeategorized as non-
point source loading and it can be either as ooganinorganic solid mat-
ter or as dissolved organic substances and nwgrieat of which phospho-
rus and nitrogen are the most harmful to wateresyst (Rissanen, Luhta
& Joensuu 2004, 101.)

5.1 Impacts of forestry on the hydrology

The most significant forestry processes considettiregimpact on the hy-
drology are ditching, ploughing, and cutting. Ditai lowers the level of
groundwater usually by some decimetres. In the haidd the field the
groundwater level is higher than near the ditciadsch will also have an
impact on the growing of vegetation. The water istprcapacity of the
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peat on the soil surface will improve due to therdase on the groundwa-
ter level. On the other hand, evaporation is moetel in the dried marsh
areas, compared to the ones in a natural statembisesignificant impact
caused by ditching is the alteration in the tramsion of water. In the
areas in a natural state marsh areas and small bades in the dents of
the soil store water and enable evaporation. Whenarea is ditched,
those beneficial processes are lost and run-ofeases. Therefore, run-
off has been found as the main hydrological impEctitching. (Kent-
tamies & Saukkonen 1996, I11-3.)

Cutting has also a large impact on the run-off fitbenarea. It is estimated
that every 10 m3 of removed wood will increaseybarly run-off by 5-10
mm per hectare. Cutting reduces the intercepti@hthe consumption of
water caused by trees. Precipitation to the surbddbe soil will increase
which will lead to the increase in the groundwéésel, and in the run-off,
especially in the areas of poor permeability. @gttof spruce copse can
double the yearly run-off in the area. The highaip melting waters in
spring, and downpours in summer, will be highehwitt retentive vegeta-
tion. The spring run-off from a felled areas canower 30 % higher than
from a forest. The impact of cutting is shorterthhe impact of ditching
because the evaporation will increase rapidly afegyetation grows back
in the area. (Kenttamies & Saukkonen 1996, 111-3.)

The impacts of ploughing are estimated to be smbdalitching, and it in-

creases the impact of clear cutting according tetehen (1986). In prin-
ciple the measures that increase biomass reducdf,rand the measures
that improve the water economy in moist forestrgaarincrease runoff.
Hydrological changes also have an impact on watality, as the changes
in the runoff and ground water level influence be teaching and matter
content in the water. (CR 1987: 62, 177,180.)

5.2 Adverse effects of forestry processes

The most adverse impacts of forestry on the sunfesters are caused by
ditching, cutting, ground preparation included e tcutting, and by fer-
tilization. Forestry processes have caused adveffeets especially in
small water systems, such as ditches, brooks, aniths Head waters
with long retention times are also vulnerable tee$try (Vesiensuojelun
suuntaviivat vuoteen 2015 Valtioneuvoston peria@isfs (Finnish Gov-
ernment decision-in-principle on Water Protectioalidy Outlines to
2015) 2007, 12-13.)

In addition to major forestry processes, for exanpfging roads, which
are vital to forestry, can have negative impactshenenvironment, espe-
cially on scenery, water systems, game, and enwiemtal value of the
area. The regional adverse impacts of roads alWvaye to be assessed in
the general plan of the logging road network. Tinpact on valuable na-
ture reserves and their protective zones, as wehealocal and long-range
impacts must be taken into consideration when denisig of a single
logging road. (Hallman 2004, 25.)
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5.2.1 Regeneration cutting

Regeneration cutting can be implemented in vaneags. In clear cutting,
the whole area is cut down, and regeneration igaetl by either planting
or sowing. The common way to regenerate piny ferestthe seed tree
cutting. In seed tree cutting part of the treethmarea are left uncut, and
they regenerate the forest naturally. A commonkydusethod in spruce
forests is shelterwood cutting, in which regeneratmature forest is
thinned many times, so that new seedlings beggraav under the shel-
terwoods. Finally, all of the regeneration matuees$ are removed. Natu-
ral regeneration can also be realized by a strtpngusystem, in which
forest is cut down from 60-100 meters wide strfpBpwing a strip of un-
cut forest, as wide as the cut strip. (CR 1987:1&219.)

Regeneration cutting increases the amount and ntatien of nearly all
leaching components. In the research areas théseswied between 2 to
4 times the normal. The leaching was larger aftee tutting in
hydrophililic hardwood swamps compared to drier enah soils. The
amount of phosphate phosphorus increased afteuttieg. The leaching
of nitrogen increased more evenly in the researehsaalthough the leach-
ing from hardwood swamps was largest. From mirgo#és$ nitrogen infil-
trates to ground water as nitrate and the leachiigast for at least 10
years. Heavy ground processing increases the lgacdhinutrients and es-
pecially solid matter from the cutting area sigrafitly. The impacts of
cutting and the ground processing in the reseasted for over 10 years.
Protective zones were found to reduce the loadiog fthe cutting area
significantly. (Kenttdmies & Saukkonen 1996, VI}-2.

5.2.2 Ground preparation

The goal of the ground preparation is to improwe physical and chemi-
cal quality of the soil so that seedlings havedratbnditions to grow. In
addition, ground preparation eases the forestvatitin and therefore re-
duces costs. Ground preparation is nowadays useetsoes also in natu-
ral regeneration forests. (CR 1987: 62, 41.)

The preparation methods can be divided to groupdsirg methods, and
to ground mounding methods. Ground exposing metiozlsde harrow-
ing, patch scarification and ploughing. In harrogyithe mineral soil is re-
vealed by making a constant track, usually withaator. Patch scarifica-
tion is used to remove spots of humus from theaserbf the mineral soil.
In peatlands patch scarification is used to remmess and most of the
humus from the top of the peat layer. Ploughingsed to remove humus
and part of the surface soil. The method is uspdasally in areas becom-
ing swampy, and having a thick layer of humus. flamen, Saksa, Finér
& Tamminen 2007, 26-31.)

The ground mounding can be implemented by four oush Inverted
mounding, where soil is excavated by a special \atoa bucket and
dropped back to the same pit upside down, leaviagrtineral soil on top,
patch mounding, where the excavated solil is dropgpsitle down next to
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the pit, mounding with ditches, where a ditch isaated in the area to
improve the water economy of the area, and thessxsell is for mound-

ing. Furrowing mounding is a similar method thanumading with ditches,

with the difference that furrowing mounding is mgdst to get the soil

material for mounds, not to alter the water econofbyoranen ym. 2007,
32-39.)

Ground preparation activities can have an impacthenleaching of dis-

solved substances, as well as on the erosion. @rprgparation, depend-
ing on the used measure, also affects the amounmnoff. For example in

ploughed areas over 50 % of the ground is distuamedexposing of min-

eral soils will increase. This will reduce evapaatand therefore, in-

crease runoff and erosion. Breaking of humus layerthe increased tem-
perature in the ground will cause the nutrientsnibilize, at the same
time when most of the vegetation using the nutsiest destroyed. In

Swedish lysimeter tests the results indicate tlitabgen leaching from a
harrowed area is 1.6 times, and from ploughed aréaimes the value
compared to a clear cutting area without using gopreparation. The
phosphorus content in the areas can increase,Hmgpporus is retained
when the water infiltrates through mineral soil @cing to Rosen and
Lundmark-Thelin (1986). The researches of the ihpaground process-
ing on the water systems are still inadequate. 1@87: 62, 44, 46.)

5.2.3 Forest drainage

Forest drainage is used to improve the conditiongife growth of wood

in swamp areas, or areas becoming swampy. Thefgiotdrest drainage

is to ensure that the water resources are as wase optimum situation
as possible. Forest drainage can be carried odittlying, or by rehabili-

tation of existing ditches. Ditching is used toidrewamps which are in a
natural state. (Hokajarvi (ed.) 1997, 29.)

The need for ditch rehabilitation is estimated dase tree stand, ground
vegetation, and the condition of the ditches. Gepsf the growth of the

trees due to too moist soil in the forestry aredicates that the need for
ditch rehabilitation is imminent. The overgrowinfjitbe ditch and the in-

crease in the amounts of sphagnum and other magétation, and the
increased ground water level in the middle of ting sndicate insufficient

drying effect of the ditches. As a consequencénefautting, the need for
ditch rehabilitation increases due to increasedewamount. (Hokajarvi

(ed.) 1997, 29.)

Always when ditch rehabilitation is planned, a watetection plan has to
be drawn up at the same time. The basic princgthat the harmful mat-
ter for aquatic environment would be removed dkeJind as short dis-
tances as possible. Solid matter has to be resttdiom entering the wa-
ter system and the amount of dissolved nutrientsiishbe reduced by dif-
ferent types of clarification methods so that @igse to the loading from
the area in a natural state. Ditch rehabilitatian’tbe done in the area of
groundwater formation, or in the flood zones of @ev system. In large
areas, over 100 hectares, excavation work is dividenany years and the
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waters are first treated separately in smallersarbafore leading to the
water system. (Hokajarvi (ed.) 1997, 33.)

Since erosion from the swamps, and forests in aralastate is very rare,
forest drainage increases erosion significantlpstem is caused by three
factors, excavation work, which as itself extrasa#ids to the water, exca-
vated surfaces are sensitive to erosion causedriying water, and rain
can wash the solid matter from the slope of thendi{CR 1987: 62, 88.)

The significance of the different factors is podklyown, but the loading
at the time of excavation work has been found oudpend strongly on
the moisture of the swamp, the humification of pleat, the weather con-
ditions during the excavation work, and of the watmount in the exca-
vated ditch. According to the experiences from gkat production areas
the significance of the weather to the loading lbarmultifold. High con-
tents of suspended solids have also been noticeagdine time of maxi-
mum discharge (CR 1987: 62, 88-89.)

5.2.4 Fertilization

Fertilization is used to increase wood productiod & adjust the amounts
and relations of nutrients. Fertilization is needetause run-off water
removes more nutrients from the soil than is ctdleécdrom the atmos-
phere. Forestry actions, especially total harvgstoan also weaken the
nutrient content of the soil. Plants need at ld&sdifferent nutrients to
grow. The main nutrients, nitrogen, phosphorus potdssium are needed
more than other nutrients. (Vuokila 1987, 216.)

Mineral soils are needed to be fertilized mainlgdaese of the lack of ni-
trogen, which is the only insufficient nutrient stones and minerals. In
peat soils the amounts of phosphorus and potassiaroften insufficient,
so both of these main nutrients are used to iegtilhese areas. Using only
main nutrients for fertilizing can, however, bindcnonutrients from the
soil and cause a deficiency of any of the needédemis. In fertilized are-
as has been noted at least the deficiencies ofnbaapper, and zinc.
(Vuokila 1987, 216.)

Leaching of nitrogen fertilizers from mineral sdilas been studied in only
one research in Finland. Saura et al. (1995) dmwal/that the leaching
takes place in the first two years after the fediion. In the first year the
leaching was about 8 % and in the second year &®ubf the amount of
nitrogen in the fertilizer. Phosphorus fertilizatidoesn’t increase loading
from the mineral soils as iron and aluminum in siod bind phosphorus.
(Finér, Mattsson, Joensuu, Koivusalo, Laurén, Malkg Nieminen,
Tattari, Ahti, Kortelainen, Koskiaho, Leinonen, Néainen, Piirainen,
Saarelainen, Sarkkola & Vuollekoski 2010, 19.)

Since the beginning of the year 2005 fertilizersdus1 peatlands has in-
cluded iron in addition to phosphorus and potassiidded iron binds the

phosphorus in the fertilizer and therefore reddeashing. Researches in-
dicate that the new type of fertilizer wouldn’t saudoading to the nearby
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water systems if it is spread by manual labor aredtaken care that the
fertilizers don’t end up to any ditches. Oftenilizdrs are spread by a hel-
icopter and then some of it will end in ditchesaffand forests are also
fertilized with wood ash, which contains a lot odn and aluminum and
therefore doesn’t cause a significant phosphoading. Barren peat soils
have a poor holding capacity for phosphorus, b ttuslowly soluble
phosphorus type used in the fertilizers, the leagis usually small. Acid-
ic conditions can contribute to the leaching of gttmrus as the solubility
of the fertilizer increase when pH decreases arthimen, acidic soils the
amount of elements able to bind phosphorus is log#nér et al. 2010,
19; CR 1987: 62, 75-76.)

5.3 Measures to reduce nutrient loading

The publication  Vesiensuojelun  suuntaviivat  vuoteer2015
Valtioneuvoston periaatepaattds (Finnish Governrdeatsion-in-principle
on Water Protection Policy Outlines to 2015) (2002-13) includes
measures to reduce nutrient loading from forestea® These measures
include improving the planning of ditching and fiezing, leaving suffi-
cient protective zones in the operation areasngtpknto consideration
drainage areas and forest patterns when plannengrtitesses, taking also
the small water systems into account, and by impgpforestry processes,
planning, monitoring, training of the staff, an@ tstudying of the impacts.

Commonly used measures for water protection instoyeareas include

the adjustments in the longitudinal slope fall fod ditch, by changing the
alignment, untreated intervals in the clearing, amdavation processes,
gradations, submerged dams, overland-flow fieldsmtegative zones,

sludge sumps, and sedimentation basins. (Joen€) 20.)

The knowledge of the suitability, and sufficiendytlbe methods used to
reduce loading from the forestry areas is verytkohi As a general obser-
vation in many locations where such methods ard,ushas been noticed
that if suspended solids are given time to setfere the water body, set-
tling has also occurred in large amounts. (CR 182791-92.)

5.3.1 Overland-flow fields

According to Rissanen et al. (2004, 115) an overiow field should be
used as a primary clarification method for waterfuActioning overland-
flow field is very effective to retain solid mattand quite effective to re-
tain dissolved organic matter. At best an overliod-field can retain 70-
100 % of the solid matter and 20-30 % of the organatter. Most of the
nutrients causing eutrophication in the water systge bound to solid
matter, and therefore, in the best cases the auwkflaw fields can retain
45-95 % of the nitrogen and 60 % of the phosphohussome cases
though phosphorus has been noticed to absorb threaggy overland-
flow fields to the water stream.
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The best location for an overland-flow field isdiess or nearly treeless
marsh area in a natural state and with a thick [@sar, such as a bog
along the water system. The thickness of the @satrIshould be at least
one meter and the composition should be homogerawdisnonotonous.
An overland-flow field can be implemented in anigistly inclined field,
which is covered by vegetation. Water has to beidiged equally to the
field and it has to flow slowly through the vegeator peat layer to be
effective. The equal distribution can be implemdntath, for example, a
lateral discharge ditch. The inclination of thddishouldn’t be more than
1 % and the size of the field should be 1-2 % efdlze of the drainage
area in which the waters are treated. One ovefflamdfield shouldn’t be
used to treat waters from an area larger than 8tates to avoid accumu-
lation of large amounts of solid matter and nutsem one location.
(Rissanen et al. 2004, 115-116.)

5.3.2 Wetlands and sedimentation basins

A wetland can be either a natural habitat type an/imade water treat-
ment method. A wetland is an area in a ditch, browler or other water
body and its shore, which is always moist and foshof the year covered
by water. The wetland usually has aquatic vegetadiod hygrophytes. A
multifunctional wetland is the most beneficial veeitl type, as it also in-
creases biodiversity, recreational use possitslitied diversifies the scen-
ery in addition to water treatment. (HagelbergriGmen, Kulmala &
Larsson 2010, 4.)

A sedimentation basin removes only solid mattemfitbhe water whereas
wetland can also remove some amounts of dissohatemMicrobial ac-

tivity in the wetland can remove nitrogen from thater and the vegeta-
tion can bind dissolved phosphorus and nitrogentlai@s are noticeably
larger than sedimentation basins. A sedimentatasinbis excavated in a
ditch or a brook to collect solid matter. The impecbased on the de-
crease in the stream velocity, which makes theatebBng of solid matter
possible. (Ruohtula (ed.) 1996, 7-8.)

According to Rissanen et al. (2004, 118-119), theam velocity in the
basin should be at maximum 1-2 cm/s, for also ihe particles to have
enough time to descend, and the water should sttei basin for at least
an hour. The area of the basin should be 3-8m#dgai area hectare and
the volume reserved for descending solids shoul#@-bm?3/ drainage area
hectare. The basin is excavated to a point of@dithere the stream ve-
locity naturally decreases. The basins have toldeed far enough from
the outlet of the ditch, so that the water systemsd’t flood to the basin.
The space reserved for the material removed frarbdsin has to be 2-3
times the area of the basin, and the excavatedrialatan’t be placed in
the flooding zone of the water system. One basiulshbe used at most to
treat waters from an area of 30-40 hectares. Tbemmendation is that
one basin would treat water from a drainage areB0dE5 hectares, when
the basin is smaller and less material has to m®ved during the proc-
ess.
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The experiences of using a wetland as a watefficiion method in for-
estry areas are a few. In agriculture, wetlandssHasen used for many
years and it’s discovered that the best resultsemaived from wetlands
containing deep open water sections, shallow gesticsthmuses, and
small islands. Therefore, wetlands almost alwaygliire soil processing
by machinery, and therefore, the leaching durirgetkcavations can be so
large that it’s harmful. More information is needsdabut the impacts in
the forestry areas, before the method can be adlopidely. A well-
planned combination of an overland-flow field aretlismentation basin
can probably reach the same results. (Rissandn26G, 120.)

5.3.3 Clarification methods in ditches; submerged darusige sumps

For s successful water protection, it's importdrat tthe erosion of the
ditch is as minimal as possible. The amount ofierndepends on the soil
type of the ditch, stream velocity, discharge, t@longitudinal slope fall
of the ditch. (Rissanen et al. 2004, 117)

The stream velocity can be decreased by builditgnsuged dams at the
bottom of the ditches with stones, wood, twigs, anmue sealed with peat,
or filter fabric. Because of the corrosive impattte flowing water, the
advantage from light-weight structured dams is roféhort-lived, espe-
cially in cleared ditches. Durable, heavy-weighustured dams are so
expensive and difficult to build that they shouldlyobe used in the most
corrodible ditches. The most effective dam struietcan be achieved by
blocking the old corroded ditch from a long enouliggtance, and redirect-
ing the water past the dam through an overland-field to the lower
ditch. In addition to water regulation, the damsoatollect some coarse
suspended solids. (Rissanen et al. 2004, 117)

In ditch rehabilitation in erodible soils, the stne velocity should be de-
creased by leaving untreated intervals in the tlgaand excavation pro-
cesses. The length which is needed to leave uatrelpends on the soill
type and discharge, but it should always be at B@sneters. The untreat-
ed intervals also collect some amount of coarsie sahtter from the wa-
ter, in addition to reducing the stream velocitiieTretaining of solid mat-
ter can be improved by excavating a sludge sumpebte untreated in-
terval. It is also possible to excavate many sluslgaps in the ditch, with
the distance of 100-200 meters from each otheiss@ien et al. 2004,
117)

Sludge sumps are small pits in the ditches whiehused only to collect
solid matter during the working period. The sizalsd sludge sumps is 1-
2 m3 and they are not meant to be emptied. Theteffesludge sumps
hasn’t been studied. (Joensuu 2002, 21.)

5.4 Water protection in the case of Lake Kankaistemjarv

In order to reduce nutrient loading from the fongstrea to Lake Kankais-
tenjarvi, several protection measures have beantak
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5.4.1 Actions planned in the area

On the visit to the site December 18th 2012, Emmental Manager of
UPM Forest, Sami Oksa, and Forestry Manager of URmeenlinna
area, Mikko Pirila, presented the actions planredetiuce the nutrient
loading from the forestry area to the lake, preseim Figure 3.

Figure 3 Map of the actions planned by UPM (Pirila, e-ma&l12.2012). Lake is lo-
cated on the left side from the picture. Scale Q360

On point 1 an old culvert from under the road iglaeed by a new one.
The new culvert will be installed higher than thegent, which causes
water to stay in the basin above the culvert féoreger time, which im-
proves the settling of solids. The basin will béaeyed to increase the wa-
ter storing capacity. On point 2 rocks are insettethe ditch to slow the
discharge. The aim is to compensate the increadesaharge caused by a
submerged dam built in point 4. Two shallow drawere excavated in
point 3 on the bottom of the Heinamaki hill on Noueer 23rd 2012, to
prevent run-off from the hill straight to the ditcHPirila, e-mail
19.12.2012)

Submerged dams will be built in points 4 and 6, paphts 5 and 7 indi-
cate the estimations of the distance in the ditblkere the water level will
be equal. The first submerged dam (point 4) isvestd to raise the water
level by 30-40 cm in the ditch above the dam, dmdwater level would
be equal in the ditch on the length of 80 metersadrmal conditions the
height of the discharge would be approximately &0 ligher than the
dam. Decreasing the speed of the discharge in @ distance, and the
shallowness of the ditch improves the settlingadids and generates bet-
ter conditions for the growth of aquatic vegetatihich also helps to pu-
rify the water. The ditch will also be deepenegdatsible, taking into con-
sideration the risk of erosion. The latter submerdam (point 6) evens
out the peaks in the discharge. The dam will egqaahe water level in the
ditch on the length of approximately 20 metersrtil@ie-mail 19.12.2012)
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Work is carried out during a low discharge, andetded the latter sub-
merged dam will be used as a temporary dam, ane mmgth enough. Ex-
tra height is removed when the work is done. @ielmail 19.12.2012)

5.4.2 Water protection measures used in the area

Crossover point for forestry equipment was consédicluring the cutting

process (Figure 4). The simple bridge out of tre@ks was constructed
on the top of the ditch, to avoid mixing of theidahaterial to the ditch. If

built on durable soil, crossover point significgnteduces loading caused
by the crossing of ditch. After the crossover pagnhot used anymore, it
has to be removed to avoid the decaying biologmatter to enter the

ditch.

Figure 4 Crossover point for forestry equipment

In order to reduce run-off from the Heindmaki killthe ditch transporting
water to Lake Kankaistenjarvi, two shallow drainsrevexcavated in front
of the hill (Figure 5). The shallow drain isn’t cmtted to the ditch net-
work, as it is meant to store the run-off wateral®tw drains are exca-
vated parallel to the hill from which the run-offieduced.
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Figure 5 Excavation of the shallow drains below the Heinainhék

Out of the water protection measures presentedhapt@r 5.4.1, sub-
merged dams and sedimentation basin were carriedrotebruary 11th

2013. The replacement of the old culvert was decidebe postponed to
the spring/summer, due to soil frost in the ploughead. Decreasing the
stream velocity in the ditch by rocks was also posed, due to difficul-

ties estimating the impact because of the low diggd at that moment.

Submerged dams were constructed, as planned, pothts 4 and 6 of the
plan. The structure of the dams consists of apprately 10 tree trunks
and filter fabric. The construction was carried @attdigging approxi-
mately 5*5 meter levelled pit in the ditch, placitignks at the lower end
of the pit, covering the pit and the trunks byeifilfabric folded double,
and covering the pit with peat, gravel and rocksving open only the
ditch channel. The dam in the point 4 is presemtdegure 6.

The distance between the submerged dams can bklyasjimated to be
about 150 meters, in between there is a narrow dit@nnel, less than one
meter of width by estimation. The drainage areavalihhe lower sub-
merged dam in the point 4, can be roughly estimitdz 50 hectares.
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Figure 6 Submerged dam constructed in the point 4 of the. Méater flows from left
to right.

A sedimentation basin was excavated in the pouwiftthe plan (Figure 7).

Because of the relatively high current in the pothte to downward slope
and the submerged dam above, and of the erodibilitiie basin, the ba-
sin was excavated to a shape of a curve. Otheruresasised to reduce
erosion from the basin included adding stones ¢oditch banks, and de-
creasing the slope of the ditch banks. The measmeof the basin is ap-
proximately 10*3 meters.

Figure 7 Sedimentation basin in point 1 of the plan. Thetidf the basin is located
approximately in the middle of upper edge and thtebin the middle left of
the picture.
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6 INTERPRETATION OF THE RESULTS

The results indicate that of the human activitispeeially scattered set-
tlement contributes significantly to the phospholaesding, whereas for-
estry has only a minor impact on the loading. Hasvethe results of the
modelling can only be viewed as estimations. Mafermation is needed
to determine the actual loading.

6.1 The level of the loading

As sampling results from the lake are so few, theell of the loading in
this thesis is estimated based on mathematical inmagl€Table 6).

Table 6 The estimated nutrient loading of Lake Kankaistenjased on the VEPS
and Bilaletdin systems.

VEPS Bilaletdin

Source kg P/a kg N/a kg P/a kg N/a
Agriculture 24.80 597.92 24.17 401.95
Forestry 8.98 138.38 5.19 108.98
Scattered settlement  46.20 277.20 31.46 257.29
Natural leaching 61.93 1810.19
Air deposition 35.22 1538.41
Leaching 42.62 2001.77
Total 177.13 4362.10 103.44 2769.99

Phoshorus

Agriculture

14 %

Forestry

0,
Scattered >%

settlement
26 %

Figure 8 The distribution of phosphorus loading to Lake Kaistenjarvi according to
the VEPS system.
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Figure 9 The distribution of nitrogen loading to Lake Kardtanjarvi according to the
VEPS system.

According to the results of VEPS system, naturathéng and air deposi-
tion are accountable for over half of the phosphdoading. From the im-

pacts of human activities, scattered settlemetitasmost significant, and
forestry and agriculture only minor contributorsgiire 8). Nitrogen load-

ing is mostly of natural origin according to the R'& system (Figure 9).
Noticeable from the results is especially that etrerugh the area of agri-
culture is only 3 % of the drainage area, the impache loading is 14 %.
Most likely the impact of forestry is more signdiat than shown in these
results.

However, these results can only be viewed as stiggebecause the val-
ues of the system itself are based on the estingtidich are not com-
pared with the real local results, the specifidiog values are not up-to-
date, and because the usage in this case alsoimagsucertainties, such
as using the values of the drainage area of Lakamiaarvi to a smaller

drainage area of Lake Kankaistenjarvi. The heavgsiny processes on
the eastern side of the lake would increase thdingefactors of forestry,

if they were determined. Also, the estimating & knd-use in the smaller
drainage area can have a minor impact on the sesult
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Figure 10 The distribution of phosphorus loading to Lake Kaistenjarvi according to
the Bilaletdin model.
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Figure 11 The distribution of nitrogen loading to Lake Kardtanjarvi according to the
Bilaletdin model.

According to the Bilaletdin model, scattered seté@t and agriculture
form over half of the phosphorus loading to theelgkigure 10). When
considering the reliability of the Bilaletdin modél has to be taken into
consideration that due to a lack of other availaplecific loading factors,
the values in the VEPS system were used in Bileletdrmulas. The

VEPS values themselves have many uncertaintiesepted in the previ-
ous chapter, and in addition, the VEPS values apmfectly suitable for

the Bilaletdin formula. To get more accurate resuhe coefficients of the
formula should be calibrated. Therefore, the resytesented above
should be viewed very critically, especially whemsidering phosphorus.
The distribution of nitrogen loading was similarthviboth methods and
can be viewed somewhat more realistic (Figure Hibjyvever, sampling is
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needed to determine the real loading. As backgronfutmation VEPS
values can be considered more realistic.

6.2 The impact of the loading

Based on the modelling of the nutrient loadingdiog of Lake Kankais-
tenjarvi is mostly of natural origin, but scatterszitlement is also a major
contributor especially in the phosphorus loadingriéulture and forestry
also have a smaller impact on the loading. Howé&addng into considera-
tion the factors presented in Chapter 6.1, theltesaf the modelling
should be taken at most as background informatiore information is
needed about the local loading from forestry, scatt settlement, and ag-
riculture to determine the real impact of the loadi

6.3 Estimation of the impacts of water protection mehon Lake Kankaistenjarvi

The most significant aspect of the water protecti@thods is whether the
water speed decreases enough for the solid mattéedcend. The sedi-
mentation basin and submerged dams can’t remowigbelved nutrients

from the water, as a wetland can, but if the wapsred decreases sulffi-
ciently, they can remove large amounts of solidtematand nutrients

bound to it. If water speed above the submergedsd#anreases enough,
aguatic vegetation can grow in the ditch. Aquaggetation can also re-
tain small amounts of dissolved nutrients. Conandethe measured load-
ing from the area, reducing the amount of solidtenatntering the lake

could be sufficient to reduce the loading to artiée level.

Another significant aspect is the amount of eroxbthe ditch and sedi-
mentation basin. The submerged dams should dectfeaseater speed in
the ditch in the cutting area and above, but betwbe lower submerged
dam and sedimentation basin the water speed wilkase due to the ap-
proximately 20 cm increase in the height differencaused by the sub-
merged dam. The height difference between the dairbasin can be es-
timated to be almost 5 meters in the distance otith50m, making the

bank angle about 3 %, which is the recommended maxi value, and

therefore, can be large enough to cause erositimeadlitch and from the

sedimentation basin, which is partly clay soil dmerefore easily erodible.
According to the plan, water speed between the aadnthe basin will be

reduced by adding stones to the ditch channel latspring. The water

speed and the erosion of the ditch, especialljhéngection between the
dam and the basin, should be monitored.

The sedimentation basin in the point 1 of the mlan be viewed as the
main method for reducing the nutrient loading frone forestry area.
Compared to the information about the dimensiorih@ sedimentation
basin in Chapter 5.3.2, it seems that the sizd@fbasin is too small to
achieve the required remediation level. The sediatiem basin in the for-
estry area can be roughly estimated to have ancdr8@-50 m?, whereas
the size of the drainage area above the point eaesbmated to be over
50 hectares. It can be estimated that at leasfinbeclay particles don’t
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have enough time to descend to the bottom. The lmaay, however, col-
lect some amounts of heavier soil particles, amdetiore reduce loading.
To reduce erosion from the basin, it was excavedes shape of a curve,
the slope of the ditch was made gentle, and stawees added next to the
ditch banks. It is important that the erosion fribra basin is minimal.

Functional submerged dams should slow down the flelocity in the
ditch, which would reduce erosion, enable the solatter to descend, and
also enable the growth of aquatic vegetation. Tikehdchannel is, how-
ever, so small that the question is how much theast velocity will de-
crease. It can be seen as a risk that either ther Waws rapidly over the
dam, especially in the time of maximum flow, or gibsy the water will
rise above the ditch channel. Because the struciutbe dam is made
from tree trunks, it is also possible that the watél flow through the
dam from between the tree trunks, especially when flow is small.
Therefore, it is possible that especially at tineetiof small flows the dam
will not make a significant difference to the flepeed. Tree trunks them-
selves will also dissolve some amounts of nutrieatthe water, due to
wearing effect of the water.

The impact of the water protection methods on L#lenkaistenjarvi
should be monitored by taking water samples froenditch. To get a reli-
able estimation of the impacts, the water qualitgusd be monitored by
taking multiple samples during the next few ye®se to the excavation
processes carried out in the winter, the nutrieatling will be relatively
high during the first melting waters in the sprigd more sampling will
be needed to determine the impact. Without theltsesestimating of the
impacts is only theoretical. Based on the infororatpresented in the
chapters 5.3.2 and 5.3.3, it can be, however, sasure if the measures
taken are effective enough.

7 RECOMMENDATIONS

In order to maintain the high status of the lake, ¢hanges in the lake as
well as processes in the drainage area should Inétored. Based on the
results of VEPS and the nature of the lake as neddrs with a long re-
tention time, it can be estimated that from humetiviies Lake Kankais-
tenjarvi is especially vulnerable to wastewatersazittered settlement and
forestry. Therefore, it is vital to reduce loadifrigm these sources to a
minimum.

7.1 Monitoring

To maintain the high status of the lake, changethénlake, as well as
processes in the drainage area should be monitored.
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7.1.1 Lake

The visibility depth is good, and a simply measureticator of the water
quality. Visibility can be measured by a white platith a diameter of 20
cm on the end of a string, and a measuring tape.Pratective Society of
Lake Kankaistenjarvi should find active membersrfreach sides of the
lake, to measure the visibility, for example, ontévo weeks, and inform
the results to the Protective Society of the laldeich should maintain a
long-time record of the changes in it. If the réswre available from
around the lake and from a long time, the changeke future can be es-
timated and also localized.

In the same way, residents on the lakeside can &edipry or take pic-

tures of the amounts of aquatic vegetation, blesgralgae, slime build-
up of the stones on the shore and in the fishing. Ade active fishermen
on the lake could keep a record of the catch smeésthe relative amounts
of black clams and valuable fishes. Committing ta#te residents to the
monitoring of the lake is vital to achieve affortialand extensive observa-
tions of the changes in the lake.

Human observations about the unmeasured changebmaaver, only be

viewed suggestive. If residents have noticed dmtation in the lake, the

actual measurements should be conducted by a profes Records

maintained by the residents on the lakeside canlasused as a starting
point, based on which the analyzes can be focused efficiently.

7.1.2 Drainage area

The Protective Society of Lake Kankaistenjarvi ddauaintain an active
role in monitoring the activities taking place imetdrainage area of the
lake and aim to cooperate with the largest landosvimethe area.

Forestry is usually only a small contributor in thdrient loading of a sur-
face water system, but in head waters with a |la@tgntion time, such as
Lake Kankaistenjarvi, it can be one of the majantabutors. Most of the
drainage area of Lake Kankaistenjarvi is forest] ased for forestry by
both individual forest owners and a private fongssmpany. Due to these
factors, and the oligotrophic state of Lake Kantiemigirvi, it can be re-
garded as a vulnerable lake to loading from foygstocesses. It is impor-
tant that the forestry operators in the area thkeldke into consideration
in all forestry processes, and preferably discheptocesses with the Pro-
tective Society and environmental operators.

Even though only about 3 % of the drainage arasséxl for agriculture,
the impact on the loading of both phosphorus amgen is 14 %, ac-
cording to the VEPS system. Agriculture is commahky major loader of
water systems, and even if it’'s only a minor pdrthe land use in the
drainage area, it can have a significant impaditetive zones should be
used in the fields and the need for the fertilizdreuld be thoroughly es-
timated and carefully dispersed to avoid leachmthe ditches transport-
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ing water to Lake Kankaistenjarvi. Both the BesviEsnmental Practice,
and Best Available Techniques should be used iptheesses.

7.2 Scattered settlement

According to the results of VEPS, scattered settl@ntauses over one
fourth of the phosphorus loading to the lake. Tfueee special attention
should be paid to the level of wastewater treatnretiie area. Most of the
respondents in the inquiry answered to have aallgttat their disposal.

In the usage of a dry toilet, the most importamtdais where the final

disposal of the excrements is. The excrements dhoeilhandled so that
run-off, or ground water can’t come into contacthwthe excrements at
any point. Also, in the toilet system, enteringloé water to the container
of excrements has to be prevented. Liquid matehialldn’t be allowed to
flow freely out from the container, especiallyhittoilet is near any water
system.

Another commonly used wastewater system in the a@sa a holding
tank, which is relatively safe for the aquatic @amment. The risks of the
holding tank are leaking or overflowing of the taok misbehaviour, such
as emptying of the tank to the surroundings, ineortb reduce costs.
Therefore, all the holding tanks should be equipp#l overflow sensors
and the amounts of wastewater emptied from the tank entering the
tank should be estimated, as mentioned in the Gavwent Decree on
Treating Domestic Wastewater in Areas Outside SeWNetworks

(209/2011), presented briefly on chapter 4.2.3.

Also, the grey wastewaters should be treated be&easing them. About
7 % of the respondents answered that the grey wakdes aren’t treated
in their property, and about 10 % of the resporgléraving a separate
sauna didn’t treat their grey wastewaters. Wastwetatment on these
sites should be brought up to date. Washing of aadscarpets near the
lake should be avoided, or at least done with emvirentally friendly de-
tergents, such as tall oil soap. Carpets can’tdshed on the shore of the
lake.

7.3 High standards of forestry practise consideringewptotection

In all forestry processes, both the local and dmgirange impacts on the
environment should be taken into consideration. ififgacts should be es-
timated based on the drainage areas, instead infke svater system. All
of the water systems in the process area have takea into considera-
tion, even the smallest ditches and brooks. Allaotp of the processes
should be estimated, and if needed, suitable visgatment methods have
to be adopted. The impacts and treatment methqgasndevery strongly
on the location and solil type of the process aféarefore, planning has
to be done individually for every site of forespisocesses. The processes
should always be carried out using the Best Enwiremtal Practice.
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In cutting areas, at least five meter wide protecones should be left in
every water system, including ditches and brooks¢hd terrain is steep,
the protective zone has to be wider. In some dasgs trees can be felled
in the protective zone, if it can be done so thatfalling trees or the for-
estry equipment don’t break the soil in the protectone, or disturb the
water system in any way. Ground vegetation and Istregds can’t be re-
moved from the zone. Stumps can’t be extracted ftwenzone and the
ground preparation can’t be done to the zone.

In the cutting process large clear cutted areasildhbe avoided, and
rather done in smaller sections, to reduce theeas® in run-off and leach-
ing. Biological material should not be allowed tdex the water systems,
and therefore, logging waste should be removed fn@arby the water
systems. For example, the needles of conifer tteatain large amounts
of nitrogen which is released to water when degayBtump extraction
should be carefully considered in slopes, becausaliincrease the run-
off, and also the leaching, to the water systerovel

Ditching should be avoided if possible and rathemabilitate existing
ditches. If excavating new ditches is inevitable¢cavation should take
place during the low discharge, the excavation khetart from the fur-
thest point of the water system, and it is vitattivater treatment meas-
ures are used in the ditch. The solid matter candiected with, for ex-
ample, an overland-flow field, a sedimentation basiwetland.

When planning the fertilization of a forest, the $gpe of the area and lo-
cation of the fertilization area in the drainageaahave to be taken into
consideration. In porous mineral soils nitrogenutddoe avoided due to
high leaching. Phosphorus and potassium can beinsadheral soils, as

potassium isn’t harmful in an aquatic environmemd @hosphorus is
bound by iron and aluminum compounds. The use o$piorus in marsh
areas will cause high amounts of leaching, esggdfaithe iron and alu-

minum contents in the ground are low and if thegphorus is easily sol-
uble. Therefore, phosphorus fertilizers used insgmareas should contain
iron, to which the phosphorus is bound and leachenlyices. As peatland
fertilizers, slowly soluble phosphorus should bedisSpreading method
should always be selected individually to each aeainimize the leach-

ing.

The used ground processing method should be seélsot¢hat the leach-
ing from the area is minimal. Especially ploughdigturbs large soil areas
and causes mobilization of nutrients, and shoutdetiore be avoided. The
banks of ditches and streams can’t be processedin atopes ground pro-
cessing should include unprocessed intervals, tadawrming of a con-
sistent track.

Crossing of ditches, brooks, and other water systefth forestry equip-
ment should be avoided, to avoid the mixing ofcsatiaterial to the water
systems. If a water system has to be crosseds itchiae done in an area of
the strongest soil and small water flow. If the evagystem is needed to be
crossed more often, a crossover point has to bstremted. If the crosso-
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ver point is made from tree trunks, it has to beaeed after it isn’t need-
ed anymore, to avoid the decaying wood from engetine water system.
When operating with heavy equipment, it has to dleert care that the
tracks of their wheels don’t lead water to ditchiebrooks.

7.4 Other recommendations based on the inquiry

Based on the results of the inquiry, it can be gbahall of the lakeside
residents don’t know the demands of the new Goventrdecree on

Treating Domestic Wastewater in Areas Outside Sewmetworks

(209/2011), passed on March 2011. In the inquiry6af the respondents
answered to question 11 (Appendix 3.) that thestesaater treatment ful-
fills the requirements of the decree, which, basedhe content of the de-
cree seems unrealistic. Out of the respondent/8answered that they
don’t know. Only one of the respondents answeratttieir wastewater
treatment doesn’t fulfill the requirements. Somethef respondents also
presented a wish to be informed about the requinésrad the new decree.

Many respondents also answered that the water tesgetiecreased signif-
icantly over the years and it affects their housing leisure time activities
negatively. Out of the 47 respondents to quest®ral2out the seasonal
changes in the water level, 30 answered to havieawtbiarge seasonal
variations in the water level, and out of them &@8ponded to experience
difficulties due to the low water level. The Prdtee Society could con-

duct a larger research of the changes in the watexl and consider

whether it would be reasonable to raise the watexl|

7.5 Further studies

The results presented in this thesis must be viewidally, as they are
based on modeling and estimations, due to the ddgdampling results.
More sampling is needed for the accurate estimatfotme significances
of the loading sources.

To get realistic information about the loading loé take, extensive sam-
pling is needed from both of the major ditches iegdwvater to Lake

Kankaistenjarvi, as well as from the outlet ditdhthe northern part sam-
pling points should be selected so that it is gidedio estimate the contri-
bution of the agricultural area separately. In #sestern part sampling
should be used to estimate the impact of the watgection methods in
the area. Sampling from the outlet ditch enablesestimation of the nu-
trient balance of the lake. To estimate the intelosding, sediment of the
lake should be studied. Some estimations of thernat loading can also
be made by monitoring the oxygen level in the msihthe lake, and on
the basis of the nutrient balance.
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Appendix 2

INQUIRY

Inquiry

Background informatio

1. Which of the next alternatives best describes year estate in therainage are
of Lake Kankaistenjarvi?

O Main residence
O Recreational dwelling, used year round
O Recreational dwelling, used in summer

| don’t own a real estate in the drainage arehefake (continue to question

O number 15.)

O Other, what?

2. For how long have you had the real estate in thandge area of the lak
O Less than 5 years
O 5-10 years
O 10-15 years
O Over 15 years

3. In which segment of the additional map does yoal estate locate
01
02
03
O4
O5
O I don’t know
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4.1s there any alteration work planned in your resiate or water supply and sew:
systems during the next five years?

5. Do you feel that a common waste collection poantthe residents on the
lakeside should be established?

O No (Oldon'tknow QO Yes

Wastewater treatme

6. How is the treatment of black wastewaters organiageur real estate
O Sewer network

O Filter bed

O Holding tank

O Package treatment plant

O Infiltration system

O Dry toilet

O Other, what?

7. If you answered 'dry toilet’ to the question 6 aivkind of dry toilet is in ques-
tion?

O Dry toilet with solid tank
O Composting dry toilet
O Separating dry toilet

O Chemical toilet

O Other, what?
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8. How is the treatment of grey wastewaters organizgaur real estate
O Sewer network

O Filter bed

O Holding tank

O Package treatment plant

O Infiltration system

O No treatment

O Other, what?

9. If you have a separate sauna in the real estatejshiine treatment of washii
water organized?

O Sewer network

O Filter bed

O Holding tank

O Package treatment plant
O Infiltration system

O No treatment

O Other, what?

10. If you have a holding and/or a depositing tankWasstewaters, where are they
emptied?

11. Does your real estate in the current state futigl requirements of the decree of
wastewater treatment in areas outside the sewepriettaking effect in the year
20167

O No
O Yes
O I don’t know
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12. Activities and their distances to the lake

Residential building, distance to the lake in me-
L ters

Separate sauna, distance to the lake in me-
L ters

Separate toilet, distance to the lake in me-
L] ters

Disposal of the toilet waste, distance to the lakee-
L ters

Wastewater filter bed, distance to the lake in me-
[ ters

Wastewater infiltration system, distance to theelakme-
ters

Wastewater holding tank, distance to the lake in me
ters

Wastewater depositing tank, distance to the lakaen
ters

Packet treatment plant, distance to the lake in me-
ters

Other activity, what? distance to the lake in me-
ters

O O o o o

13. Do you wash your carpets or car near the lakeh{vetbout 200 meter radi-
us)?

ONo O Yes

14 If you answered 'Yes' to the question number 8mate how many times a
year you wash your car and/or carpets and with wiaghing agent do you use?
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Fishing in Lake Kankaistenjar

15. How often do you fish in Lake Kankaistenjarvi?
O More often than once a week

O About once a week

O A few times a month

O Less frequently

| don’t fish in Lake Kankaistenjarvi (please consrio question number
21.)

16. Have you noticed changes in the fish catches?

Fish catches have decreased,
when?

O Fish catches haven’t changed

Fish catches have increased,
when?

O I don’t know

17.Have you noticed changes in the relative amouni¢agk clams and valuable
fishes?

The amount of black clams has increased,
when?

O

O | haven’t noticed a change

The amount of valuable fishes has increased,
when?

O

O I don’t know

18. Have you noticed slime buildp in your fishing nets
O No

O Yes

O | don’t fish with fishing nets

O I don’t know
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19. If you answered 'Yes' to the question 18, havenaticed the slime build-up to
increase within the last five years?

O Slime build-up has increased
O I haven’t noticed a change
O Slime build-up has decreased

O Don’t know

20. If you answered 'Yes' to the question 18, havenaticed seasonal variation in
the slime build-up?

O Slime build-up is most common in spring
O Slime build-up is most common in summer
O Slime build-up is most common in autumn
O | haven’t noticed seasonal variation

O I don’t know

Water quality

21. Have you seen blue-green algae in the lake and besurred more often within
the last five years?

O | haven’t seen blue-green algae in the lake

| have seen blue-green algae in the lake, butitsrence hasn’t increased

O within the last five years

| have seen blue-green algae in the lake and @isrcence has increased within
O the last five years

O I don’t know

22. Have you noticed changes in the visibility of thater?

Visibility of the water has decreased,
when?

O

O Visibility of the water hasn’t changed

Visibility of the water has increased,
when?

O En osaa sanoa
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23. My answer to the previous question (number 22opised on

O on the results | have measur¢) on my sensory observations

24. Have you noticed the slime build-up in the rocksloe shore to increase within
the last five years?

O I haven’t noticed slime build-up in the rocks
O The slime build-up in the rocks hasn’t increaseithiwithe last five years
O The slime build-up in the rocks has increased withe last five years

O I don’t know

Aquatic vegetation (check the pictures at the drtleinquiry;

25. Have you noticed changes in the amount of aquatietation within the last
five years?

O The amount of aquatic vegetation has decreased
O The amount of aquatic vegetation has remained ungeth
O The amount of aquatic vegetation has increased

O I don’t know

26. Have you notice changes in the aquatic vegetapeniss’
O No

O Yes

O I don’t know

27. If you answered to the question 25. and/or 26.\tha have noticed changes,
describe the changes?
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Generally

28. Have you noticed large seasonal variations imtéer level?

O No

O I don’t know

O Yes, but it isn"t harmful to my real estate or leestime activities

O Yes, and it is harmful for my real estate and/suee time activities

29. If you answered to the question 28. that you apeeencing disadvantages be-
cause of the varying water level, describe theati@mm and disadvantages.

30. How do you feel that the status of the lake hasgkd in the course of
years?

31.Can you estimate what are the reasons for thegels@&n

32.What kind of expectations and wishes do you havéhfe Protective Society of
Lake Kankaistenjarvi?
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33. Free word (additional information for the quesspn
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Appendix 3

SUMMARY OF THE RESULTS OF THE INQUIRY

Summary of the results of the inquiry

1. Which one of the alternatives best describes your
real estate in the drainage area of Lake
Kankaistenjarvi?

Main residence

Recreational dwelling, used year-
round

Recreational dwelling, used in
summer

I don’t own a real estate in the
drainage area of Lake Kankaistenjarvi

Other, what?

48 respondents

2. For how long have you had the real estate in the
drainage area of the lake?

0 5 10 15 20 25 30 35

Less than 5 years 3
5-10 years

10-15 years 8

Over 15 years 31

46 respondents
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3. In which segment of the additional map is your real

estate located?

5 10 15

20

4
5

Don’t know

10

44 respondents

4. Is there any alteration work planned to your real estate or water supply and sew-
age systems during the next five years?

e 42 respondents

5. Do you feel that a common waste collection point
for the residents on the lakeside should be

established?

10 15 20

l ] ]

25

No

Yes

Don’t know

12

11

23

6. How is the treatment of black wastewaters
organized in your real estate?

5 10 15

20

Sewer network

Filter bed

Holding tank

Package treatment plant
Infiltration system

Dry toilet

Other, what?

ents, 47 used systems

46 respondents

46 respond-
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7. If you answered 'dry toilet' to the question 6, what
kind of dry toilet is in question?

0 2 4 6 8 10 12 14 16

Dry toilet with solid tank 2

Composting dry toilet 15

Separating dry toilet 3
Chemical toilet

Other, what? 1

21 respondents

8. How is the treatment of grey wastewaters
organized in your real estate?

0 20

l l

(6]
=
o
=
(6]

Sewer network
Filter bed 16
Holding tank

Package treatment plant
Infiltration system

No treatment

Other, what?

44 respondents

9. If you have a separate sauna in the real estate, how
is the treatment of washing water organized?

0 2 4 6 8 10 12

Sewer network

Filter bed

Holding tank

Package treatment plant
Infiltration system

No treatment

Other, what?

31 respondents

10. If you have a holding and/or a depositing tank for wastewaters, where are they
emptied?
e 19 respondents
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11. Does your real estate currently fulfill the
requirement of the decree of wastewater treatment
on areas outside the sewer network, taking effect in

the year 2016?
0 5 10 15 20 25 30
No 1
Yes 28
Don’t know 16

Wastewater infiltration system

Wastewater depositing tank

12. Activities and their distances from the lake

0 10 20 30 40 50

l ] l ] l

Residential building
Separate sauna

Separate toilet

Disposal of the toilet waste

Wastewater filter bed

Wastewater holding tank

Package treatment plant
Other activity, what?

Yes

No

13. Do you wash your carpets or car near the lake
(within about 200 metre radius)?

18

28

45 respondents

46 respondents

46 respondents

14. If you answered 'Yes' to the question number 13, estimate how many times a
year you wash your car and/or carpets and with what washing agent do you use?

17 respondents
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15. How often do you fish on Lake Kankaistenjarvi?

0 5 10 15 20 2
More often than once a week 2
About once a week 5
A few times a month 4
Less frequently 17
I don’t fish on Lake Kankaistenjarvi 20

16. Have you noticed changes in the fish catches?

0 5 10 15 2
Fish catches have decreased 8
Fish catches haven’t changed 3
Fish catches have increased
Don’t know 17

17. Have you noticed changes in the relative amounts
of black clams and valuable fishes?

5

48 respondents

0

28 respondents

0

0 5 10 15 2
The amount of black clams has 5
increased
I haven’t noticed a change 8
The amount of valuable fishes has
increased
Don’t know 19

29 respondents
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18. Have you noticed slime build-up in your fishing
nets?

0 5 10 15
No
Yes 17
I don’t fish with fishing nets 5
Don’t know 5

19. If you answered 'Yes' to the question 18, have you
noticed the slime build-up to increase within the last
five years?

0 5 10 15 2
Slime build-up has increased 17
I haven’t noticed a change 1
Slime build-up has decreased
Don’t know 1

20. If you answered 'Yes' to the question 18, have you
noticed seasonal variation in the slime build-up?

0 1 2 3 4 5 6
] ] ]
Slime build-up is most common in 1
spring
Slime build-up is most common in 6
summer
Slime build-up is most common in 5
autumn
I haven’t noticed seasonal variation 3
Don’t know 6

20

27 respondents

0

19 respondents

18 respondents
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21. Have you seen blue-green algae in the lake and
has it occurred more often within the last five years?

0 5 10 15 20

25

I haven’t seen blue-green algae in the H 15
lake

| have seen blue-green algae in the

lake but its occurrence hasn’t - 5

increased within the last five years

| have seen blue-green algae in the

within the last five years

Don’t know H 8

lake and its occurrence has increased _

22

22. Have you noticed changes in the visibility of the
water?

Visibility of the water has decreased

Visibility of the water hasn’t changed 7
Visibility of the water has increased
Don’t know

0 5 10 15 20 25 30
25
15

23. My answer to the previous question (number 22)
is based on

0

0 5 10 15 20 25 30 35 4
the results | have measured 2
my sensory observations 35

48 respondents

47 respondents

37 respondents
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24. Have you noticed the slime build-up in the rocks
on the shore to increase within the last five years?

0 5 10 5 20

I haven’t noticed slime build-up in the *
rocks

14

The slime build-up in the rocks hasn’t -

increased within the last five years t

The slime build-up in the rocks has
increased within the last five years

1

25. Have you noticed changes in the amount of
aquatic vegetation within the last five years?

47 respondents

0 5 10 15 20 25 30 35

The amount of aquatic vegetation has i 1
decreased

The amount of aquatic vegetation -
hasn’t changed

The amount of aquatic vegetation has _ 31
increased

Don’t know H 12

48 respondents

26. Have you noticed changes in the aquatic
vegetation species?

0 5 10 15 20

No 17

Yes

Don’t know 16

47 respondents

27. If you answered to the question 25. and/or 26. that you have noticed changes,
describe the changes
e 23 respondents




Nutrient loading of Lake Kankaistenjarvi

28. Have you noticed large seasonal variations in the
water level?

0 5 10 15 20 25

Don‘tknow [N 11
Yes, but it isn’t harmful to my real _ 20

estate or leisure time activities
Yes, and it is harmful for my real 10
estate and/or leisure time activities H

29. If you answered to the question 28. that you are experiencing disadvantages be-
cause of the varying water level, describe the variation and disadvantages.

47 respondents

* 12 respondents
30. How do you feel that the status of the lake has changed in the course of years?

¢ 33 respondents
31. Can you estimate what are the reasons for the changes?

e 21 respondents
32. What kind of expectations and wishes do you have for the protective society of
the lake Kankaistenjarvi?

e 27 respondents
33. Free word (additional information for the questions)

e 12 respondents




