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On-site systems in Finland and requirements
(Laukka et al. 2022)

* In general, all single property owners having a wastewater treatment system
at the site are considered operators of an on-site sanitation system

« Also systems of several properties, holiday resorts, schools etc. up to 100 PE

« Most common system septic tank (common solution from previous decades
during prior legislation)

* Current treatment requirements similar to Sweden and Norway

* Note: distances can be long, but road network broad

Level of requirement.  BOD; 2 (%) Piot (%) Neot (%)

. Standard 80| 70| 30
High 90 85 40

Sweden Standard 90 70 not regulated
High 90 90 50

Less sensitive b) - - not regulated

Norway Normal 70 60 not regulated
Sensitive © 70790 90 regulated according to location 9

Finland

Population in 2020 (millions)

Average population density
(persons/km?) @

Population living outside
sewer network (%)

Number of properties
(permanent habitation)
outside sewer network

Number of leisure homes

Proportion of treatment units
not fulfilling the treatment
requirements (%)

Most used treatment
systems (%)

Septic tanks with no
secondary treatment

Sand filter
Infiltration system
Package plant
Holding tank

Others / not specified

5.53

18.1

15

286,000

441,000 ®

55-679

Permanent
habitation

42

13

38




Finnish management system and legislation

Original legislation from 1960s and update in 2004

So-called “faeces-law”, where requirements for On-Site
systems were tightened

Somewhat unsuccessful implementation: became a target
for populistic political discussion

Requirements for updated on-site systems were seen

expensive in rural region, legislation was watered down (e.g.

only for new houses, renovated houses, houses 100 m from
lake or river)

Management under ministry of environment,
implementation by municipalities

Issues with monitoring: permits from building authorities
(municipal), supervision from environmental authorities
(more regional)

Stakeholders related to
on-site sanitation in Finland

Ministry of the Environment

Legislation, guidance and funding

Centres for Economic Development,
Transport and
the Environment (ELY)

General supervision and guidance

Municipality
Building Environmental
authority authority
Building permit Supervision,

enforcement
and guidance

L=

Property owners
Operators

Service providers

Technical planning, construction equipemen,
manufacturers and sales, maintenance,
sludge transport

Finnish Environment
Institute (SYKE)

Information
and guidance

Advisory network

Information
and guidance

Research
institutes

Research
and testing

© SYKE
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Factors Affecting Effluent Quality In On-site System:

Research questions

1)

2)

3)

How does effluent water
quality vary across system
and process types and how
does it compare to regulated
discharge limits?

Does unit age, load and local
climate conditions affect
effluent water quality of soil-
based systems and package
plants differently?

Does the type of biological
and P-targeting processes
used significantly affect
effluent water quality?
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Source: Kinnunen et al. 2023




Dataset

Data collection and compilation Statistical analysis
| Finnish limit ' Swedish limit
Efﬂugnt data wi.th unit Sandfiter{ e - i Comparing
locations combined e | wastewater
from several studies L BT I treatment system
P-coagulant{ ey i asrecr so 030 o ¢ types

Gridded historical s = L
weather model data

to generate time
series for each
location prior
sampling date
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R=0.69,p<22e-16 Searching
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weather factors
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Water temperature (°C)

o
L
]

0 10 20
Air temperature (°C)

« UERRA regional reanalysis for Europe on single levels from 1961 to 2019, 11 km x 11 km

« Temperature, Precipitation, Snow water equivalent
« What was weather like prior sampling? (7 & 30 days)

Source: Kinnunen et al. 2023




Dataset

Effect of Weather,
Age and Load

Whole data

Soil based systems Package plants
(66) (329)

Biological Physical-chemical
BOD & Nitrogen Phosphorus

Whole data Whole dataset

Attached Growth Suspended Growth

(219) (183) P-Coagulant (324) Sand filters (47)

P-filter Media (24)

Soil based systems Suspended Growth
aam O attached growth Package plants
(66) (183)

Package plants of
= Attached growth
(139)

Source: Kinnunen et al. 2023




Dataset

A B « Autumn most sampled
200 1
0.044
w o .
5., * >75% sampling days >0
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S 100 M soing € 0.021
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£ . : : :
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Source: Kinnunen et al. 2023




Results: Weather factors

Finnish limit : Swedish limit
it ks Autumn most sampled
md. =7.7, n = 304 o . o
* >75% sampling days >0 "C

SBS 1

.
ke et - - - -
N

PP

0 10 20 30 AgODmediané?mg/L) 60 70 80 90 100 ° Seml—ﬂe\X/, work|ng un|tS (75% I_eSS
_ : — ' md. = 2.5, n = €6 than 6 years old)

SBS{ Yh .2 Ayt v e . 0ty

: |....“ . 'm..=..,n=
—— =St « BOD, was removed well

pr{ weRICRIA e R LI P . ; .
0.0 25 =50 7.5 . 2:);.‘(;/” 125 15.0 175 20.0 o Tot— P reg UI_at|OﬂS were not met by
— — md. = 44, n = 59 28% and 25.4% of Finnish and
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Source: Kinnunen et al. 2023
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Results: Biological process

PP | SBS

201

Air temperature (°C)

R=0.69, p<2.2e-16 R=0.8,p=2.9e-10

0 10 20 30 0 10 20 30
Water temperature (°C)
PP [ sBS | C o PP | SBS
{ R=0.025,p=0.72 R=-0.094, p=0.52 %,200- R=0.18, p=0.079 R=-0.51,p=0.054
£ 150 )
Z 100 o
1 o e S 50 ¥
; lmfﬁén C >, . o weve cueees o ' = 0 . : s »,,:ﬁ‘,ow e — . : .
0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30
Water Temperature (°C) Water Temperature (°C)

No significant effect of temperature or
dilution due to precipitation was found
either on PP or SBS

Correlation of air and water
temperature

Not much data on very cold conditions

Age was a factor in effluent P increase
in SBS but not in PP

Source: Kinnunen et al. 2023




Results: Biological process

| Finnish limit ! Swedish limit

- P-coagulant and P-filters had lower P

Sand filterd TR - c concentration in effluents in contrast to
e | sand filters

P-filter{ #¢cesc e

— SBS had more stable BOD, removal
(narrower distribution)

[

P-coagulant{ ewsswesey e scvecy sos 120 -
|

10 15 20

o
o1+

Tot-P (mg/L) - Type of biological process did not have a
~__ significant effect on N-removal
a1+
SG-PP{ PSR EE e L
-
AG-SBS{ i . . o
AG-PP{  Wimime s, o0 E

0 10 20 30 40 50 60 70 80 90 100
BODmedian (mg/L)



Conclusions

Lessons learnt from management structures and how they can effect e.g. on surveillance
and data collection

Importance of legislation work and risks

Weather factors (air temperature, precipitation, and snowmelt) in either soil-based
systems (SBS) or package plants (PP) did not correlate with effluent quality

Found biases in data which can affect conducted tests and conclusion

« Selection of units
« Seasonality of sample collection
« Geographical distribution

More data on cold conditions and a more random snapshot campaign of any given system
for more realistic results of the current condition?
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