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Golder has developed a methodology for cost effective 
investigations of sites contaminated by chlorinated 
solvents. Investigations of chlorinated solvents can be very 
costly as they are difficult to investigate, mainly because:

 ¥ They are very volatile
 ¥ Can spread in surprising directions as they can move 

in thin soil layers within layered soils and are denser 
than water

 ¥ Very low concentrations in air and in drinking water are 
harmful for humans

Consequently it is of great importance that the first 
investigations accurately define if a site needs further 
investigations and if so:

1. Which areas are contaminated?

2. What risk does the contamination pose?

The methodology that Golder uses aims at doing this with 
techniques that are both inexpensive and less intrusive than 
ordinary ground penetrating investigations with drill rigs.

Ordinary drilling and sampling cost normally projected at 
€30.000; investigation cost according to our approach 
ends up at €10.000-15.000.
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Problem Our Approach

Results

Our approach have been used at several sites during the 
last years, foremost at former dry-cleaners. As an example, 
the approach was used a site in Emtunga, Sweden:

 ¥ Dry-cleaner from 1958 to 1981
 ¥ Now warehouse and garage
 ¥ Adjacent residential villas and arable land
 ¥ No groundwater wells in the area

Non-intrusive sampling techniques for the Emtunga site 
were chosen based on a conceptual site model, which 
were based on a thorough review of historical activities and 
current Site settings. 

Indoor air and soil gas were sampled with a passive 
sampling method that was new for Sweden and European 
laboratories; i.e. the Waterloo Membrane Sampler 
(WMSTM), which:

 ¥ Can sample the extremely volatile degradation product 
vinyl chloride, which most other passive samplers can’t

 ¥ Gives results as concentrations and not as totally 
absorbed mass

 ¥ Can sample during a longer, and more relevant, time 
period than pumped sampling

 ¥ Risk for contamination dilution by atmospheric air is 
minimal compared to pumped sampling, especially for 
low permeable soil

Soil gas sampling with WMSTM sampler: Installation of 
sampler down into a 20 mm hole,

Tree-core sampling Photo from filming of a sewer that shows that the pipe is 
totally corroded.

Non-Intrusive  
sampling techniques

Used at the Emtunga 
Site

Indoor air sampling 4 passive sampling 
points

Soil gas sampling 10 passive sampling 
points

Drinking water from 
mains (i.e. does 

the contamination 
permeate into plastic 

pipes)

Excluded as the water 
service was withdrawn

Tree-core sampling 10 trees

Water in sewer 
(i.e. leaking ground 

water)
2 sewer drains

Filming of pipes 
(identify points of 

discharge)

Excluded, could not 
enter with camera

Water in storm water 
drains or ditches 

(i.e. leaking ground 
water)

Excluded, those where 
dry

Sampling ground water 
in existing wells 2 monitoring wells

 ¥ Non-intrusive sampling is cost effective and has an advantage where the access is limited. Further, they involve a 
minimum of intrusion and damage at the site.

 ¥ Investigations of chlorinated solvents should be done in a tiered approach, with analysis of samples from several 
media to ensure that the contamination situation is not wrongly interpreted.

 ¥ Soil gas sampling with passive WMSTM-samplers gives much more relevant results in a low permeable soil than active 
sampling by pumping over an adsorbent. Pumped sampling was conducted at one point in 2012 with no detected 
chlorinated solvents, whereas 340 mg PCE/m3 was detected with WMSTM during 2017.

 ¥ Monitoring the concentrations of chlorinated solvents in indoor air measures the direct exposure; however the 
evaluation of the results is difficult, as background levels of chlorinated solvents are present in both residential and 
commercial buildings.

 ¥ At Emtunga, the approach showed that there was no present health risk and the contamination spreading limited.

Sampling point GA301 GA302 GA303 GA304

Sampler type
Compound WMS Radiello WMS Radiello WMS Radiello WMS Radiello

PCE 0,085 0,14 0,023 0,039 0,008 0,015 0,013 0,022

TCE <0.004 0,0026 <0.004 0,0036 <0.004 0,00062 <0.004 0,0012

cis-DCE <0.005 0,0011 <0.005 0,0049 <0.005 0,00041 <0.005 0,0011

Vinyl chloride <0,008 - <0,008 - <0,008 - <0,008 -

Photo of the former dry-cleaner. 

Sampling of water in sewer drain, i.e. perched water 
that is leaking into the pipes and drains.

Sampling of indoor air with two 
types of passive samplers: To the 
left Radiello (turquoise triangle) 
and to the right WMSTM (in 
metal spiral).

MEASURED INDOOR AIR CONCENTRATIONS (MG/M3)


