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Historical aerial photo (NLS 1956)

Beginning of the industrial activities

• The site is located in Mikkeli, Eastern Finland, adjacent to an 

esker system and situated between two lakes within an 
important groundwater area.

• Industrial operations started on the site in the early 1950s.

• The first sawmill operations started in 1954. The main property 
is shown as a red rectangular. Some storage and drying 

activities also took place in the surrounding areas. 

Mikkeli 
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Historical aerial photo (NLS 1990)

Groundwater contamination

• KY-5 chemical was used on-site in 1954-1985 for anti-sapstain 
treatment.

• In particular, the dipping process resulted in chlorophenol 
releases to groundwater.

• First elevated concentrations were detected at the water intake 

plant in 2001.

• The saturated GW zone is relatively thick. It forms a small side 
stream of the total GW flow towards the intake plant.

• A minor fraction of the migrating chlorophenols reaches Lake 
Saimaa in the east.

• Only slightly elevated concentrations (CP, PCDD/F) in soil.

Source: former dipping basin

Receptor: water intake plant
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Historical aerial photo (NLS 2023)

Source: former dipping basin

Receptor: water intake plant

Current situation
and conceptual model

• The site is currently occupied by another operator. A new 

building has been constructed above the former dipping basin.

• Protective pumping was started in 2009. It currently controls the 
GW flow regime.

• In situ groundwater treatment was started in 2017. Pilot-scale 
remediation was conducted from 2016 to 2023, and full-scale 

remediation has been ongoing since then.

• A conceptual model has been developed for the site:

Hydraulic containment well
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Source: Ramboll
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2016

Start of pump & treat 
and return injection of 
oxygenated water

2017-2018 

Enlargement of the 
treatment area and 
boosting of the system 

2018

Direct push injection of 
ORCs into the source area 
soil

2021

Introduction of Super 
Oxygenated Water (SOW)

2024-2025

Separate treatment of a 
hot spot area

Enlargement of the 
treatment area and 
boosting of the system 

Introduction of a 
bioreactor

Continuous optimization of the 
enhanced natural attenuation 
method

• Microbiological investigations indicate that remediation 
performance is strongly dependent on the amount of oxygen 
delivered to aerobic groundwater microorganisms.

• 70 % chlorophenol reduction achieved over ten years.

Biological treatment (aerobic)
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The current treatment system
Approximate migration route

In situ treatment container

Protection pumping container

Reserve protective pumping well

Remediation pumping well

Injection well

Water circulation and 
oxygenation
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• Extensive monitoring as the primary risk control method.

• Protective pumping system.

• Traffic lights with action plans for elevated concentrations.

• A contingency plan for realization of the foreseen risks.

• Accumulation of oxygenated iron and manganese 

compounds to the treatment installations is a continuous 
problem. However, this has not affected the groundwater 

flow regime.

• Groundwater geochemistry has remained stable during 

the remediation, indicating that the applied measures 

have not caused adverse secondary impacts.

• No adverse degradation products have been identified 

despite repeated monitoring efforts.

• Changes to the treatment system always induce a 

temporary increase in chlorophenol migration. 

Concentrations typically return to their long-term 
declining trend within a few months to a couple of years.

• Chemical oxygenation, dig & dump etc. were rejected in 

the beginning due to risks.

Risk control

Source: NLS, FCG
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GW well

Drilling

Legend

Pumping - injection
Lake Saimaa

water level

Concentration at the 
monitoring time

Average concentration of 
the preceding year

Groundwater level and 
direction of the hydraulic 
gradient

Example of a 
monthly report 
(June 2026)
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Polyn. (115)

Polyn. (115A / 5)
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Annual variation of concentrations, tot. CP (µg/l) and water level (m)
(curve fitting: second-order polynomial trendline )Development of 

chlorophenol total 
concentrations

• In general, the concentrations have diminished 
and, in many wells, almost vanished.

• A strong double peaked annual variation in the 
concentrations.
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Tot. CP
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Cleaning result, tot. CP

Remediation target level

Cleaning performance

Balance Tot.-CP Tot.-CP Tot.-CP Chloride TeCP TeCP Tot.-CP

1.9.-31.8. start balance migrated pump & treat "extra" biodegraded biodegraded left

kg kg kg kg mol kg kg

2015-2016 (start) 495,0 9,8 5,2 12,8 92,5 21,4 458,6

2016-2017 458,6 7,5 22,9 9,4 68,5 15,9 412,3

2017-2018 412,3 4,8 14,1 0,7 5,3 1,2 392,1

2018-2019 392,1 3,7 7,2 13,0 94,4 21,9 359,3

2019-2020 359,3 3,4 6,3 6,4 46,1 10,7 338,9

2020-2021 338,9 10,1 3,5 12,0 86,9 20,2 305,2

2021-2022 305,2 8,4 2,0 10,5 76,1 17,7 277,1

2022-2023 277,1 6,3 1,4 13,2 95,3 22,1 247,3

2023-2024 247,3 5,4 1,8 10,5 76,3 17,7 222,4

2024-2025 222,4 2,9 34,9 11,7 84,6 19,6 165,0

2025/9-2026/6 165,0 0,7 9,0 4,8 34,6 8,0 147,3

The entire project: Start balance Migrated Pump & treat Biodegradation Left

kg kg kg kg kg

495 63 108 176 147

• Approximately 70% of the 
chlorophenols have been removed 
from the site.

• Approximately 50% has been 
removed through biodegradation, 
20% through pump-and-treat, and 
30% has migrated downstream.

• The migrated chlorophenol is almost 
completely removed by the 
protective pumping downstream.

16.9.2026 Itkonen et al.10



0

500

1 000

1 500

2 000

2 500

3 000

3 500

4 000

4 500

5 000

0

3

5

8

10

13

15

18

20

23

25

28

30

33

35

38

40

43

45

48

50

1
.1

.2
0

1
5

1
.1

.2
0

1
6

1
.1

.2
0

1
7

1
.1

.2
0

1
8

1
.1

.2
0

1
9

1
.1

.2
0

2
0

1
.1

.2
0

2
1

1
.1

.2
0

2
2

1
.1

.2
0

2
3

1
.1

.2
0

2
4

1
.1

.2
0

2
5

1
.1

.2
0

2
6

C
P

, µ
g/

l

C
h

lo
ri

d
e

, m
g/

l

Time

Chloride

Average CP-
concentration

Chloride concentration & CP concentration 

Chloride anomaly
Chloride mg/l

• A pronounced chloride anomaly exists at the site. After 
correction for background concentrations (normally less 
than 5-10 mg/l), chloride can be used as a proxy 
indicator for chlorophenol biodegradation.

• This is actually the only way found since no metabolic 
gases or degradation products have been detected. The 
GW system is complicated and generally anoxic, so it is 
difficult to make conclusions from oxygen consumption, 
either.
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Two baseline scenarios for GW flow regime
Low Lake Saimaa, no GW formation from precipitation, 
ca. 4,9 m3/d

High Lake Saimaa, GW formation from precipitation, 
ca. 0,58 m3/d

16.9.2026 Itkonen et al.12
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Conclusions

• The project demonstrates that long-term, adaptive in situ 
remediation can be an effective and environmentally 
robust solution for persistent organic contaminants at 
complex groundwater sites. 

• Key lessons in the Pursiala case include the importance of 
sustained oxygen delivery, iterative system optimization, 
and comprehensive monitoring to support risk-based 
decision-making and regulatory confidence. 

• It is hard to deliver oxygen to microbes in a basically 
anoxic system, and it becomes more and more difficult 
when the concentrations drop. Several approaches have 
been tried with varying success.

• In enhanced natural attenuation projects, estimating the 
extent of biodegradation is essential but challenging. 
Reasonable results were got in this case with an annual 
balance model that is based on the amount of free 
chloride in the groundwater and justified estimates of 
groundwater flow.
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Thank you!
Arto Itkonen, arto.itkonen@sitowise.com, p. +358 50 551 3497


