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Executive Summary
More than 50 years of operation at the Glenelg Dry Cleaners, 37 - 41 Cliff Street,
Glenelg East have resulted in the generation of hazardous wastes and environmental
contamination on- and off-site, including the contamination of groundwater and soil
vapour under nearby residences. Volatile organic compounds that are present in the
groundwater and soil can enter residential indoor air via a process known as vapour
intrusion. Plume-relate contaminants of concern for the residential neighbourhood
include trichloroethene and tetrachloroethene.
This report is informed by data collected specifically to attempt to delineate the
groundwater and soil vapour plumes, as well as some further site specific information
(i.e. crawl space and outdoor air). The environmental assessment data indicates that
the groundwater and soil vapour plume is not yet delineated. It is noted that
tetrachloroethene was measured at a concentration of 500 µg/L in the groundwater,
approximately l 50m down gradient in the established residential area.
Assessment of crawl space air at 35 Cliff Street, Glenelg East indicates the vapour
intrusion pathway is open (complete) at that property. A property survey across the
investigation area is warranted to identify properties that are likely to have crawl
spaces and or cellars.
Consistent with Australian environmental health guidance, the groundwater and
shallow soil vapour data used to inform this report cannot, in this instance, reliably
infer predicted indoor air contaminant concentrations for the purpose of charactering
health risk from vapour intrusion in the Glenelg East EPA Assessment Area.
However a qualitative assessment of the data supports the following;
•
•
•

There is a need to delineate the groundwater and soil vapour plume,
Soil vapour hot-spots for tetrachloroethene and trichloroethene in a 50 m arc
to the north, north-west and west of the site warrant further investigation, and;
Further investigation is warranted for crawl space properties located within the
groundwater and soil vapour plumes.
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Background
The Environment Protection Authority (EPA) of South Australia was notified of
groundwater contamination at the Glenelg Dry Cleaners, 37 - 41 Cliff Street, Glenelg
East, in December 2007. This notification was accompanied by a 2002 site history
report and a 2004 environmental site assessment.
The source of the identified contamination appears to be originating from the rear of
the main building on the site (former dry cleaning machines) and in the vicinity of the
former spirits and underground storage tank with residual liquids located on the
southwest portion of the site.
Three off-site groundwater wells (GWl 1, GW12 and GW15) sampled in 2008 have
shown elevated levels of petroleum hydrocarbons (TPH), tetrachloroethene (PCE),
trichloroethene (TCE) and 1,2 - cis dichloroethene (DCE).
The locations of these off site wells are to the west and north-west of the site. The
dominant groundwater flow is to the north-west of the site and the contamination was
extending off site along the groundwater gradient 1.
From a public health perspective a prominent feature is the presence of residential
properties to the west and north west of the Glenelg Dry Cleaners.
EPA requested human health technical advice from SA Health on the historical
environmental assessment reports (2004-2008) in August 2011 2 .
In September 2011, the EPA informed approximately 280 landowners in Glenelg East
that groundwater in the area was contaminated and had the potential to affect nearby
properties 3 . The source of the contamination was confirmed as the former dry
cleaners.
In November 2014, the EPA provided preliminary off-site groundwater and soil
vapour results to SA Health for the purposes of commencing risk assessment work. It
was agreed by both parties that the data was not sufficient for the purpose of human
health risk assessment and that further assessment data was required to fully delineate
off-site impacts in the residential area surrounding the site4 .
In March 2015, SA Health provided comment to EPA on an extended scope of works
in the Glenelg East EPA Assessment Area. Specific recommendations for
testing/sampling requirements for a crawl space dwelling were spelled out in greater
detail for inclusion in the proposed scope of work5 •

1

SA EPA (2011). Summary oflmpacts to Groundwater. Glenelg Dry Cleaners. 37 -41 Cliff Street,
Glenelg East.
2
SA EPA (2011). Glenelg Dry Cleaners. 37 - 41 Cliff Street, Glenelg East. (eA508001).
3
Letter to G lenelg East EPA Assessment Area dated 7 September 2011.
(http://www.epa.sa.gov.au/data and publications/site contamination monitoring/investigations/glenel
~
4
SA Health (2014). 37 -41 Cliff Street, Glenelg East (eA873320).
5
SA Health (2015). 37 -41 Cliff Street, Glenelg East. (eA876257)
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In July 2015, EPA requested that SA Health provide a human health risk assessment
consistent with recognised Australian environmental guidelines 6 . As supporting
information, EPA provided a factual report dated June 2015 provided by Greencap, an
environmental consultancy. The factual report describes the environmental
assessment works conducted on behalf of the EPA7 .

6

SA EPA (2015). Request for Human Health Risk Assessment Glenelg East EPA Assessment Area.
(eA893545)
7
Greencap (2015). Environmental Assessment Works - Stage 2. South Australian Environment
Protection Authority. 37 - 41 Cliff Street, Glenelg East. (eA893546)

:- 1
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Introduction
Greencap (incorporating AEC Environmental) was commissioned by the Environment
Protection Authority (EPA) of South Australia to conduct investigations in the
vicinity of a former drycleaners located at 37-41 Cliff Street, Glenelg East, South
Australia. The objective of the investigation was to attempt to delineate existing
groundwater and soil vapour contamination plumes and to gather further data (crawl
space and outdoor air) to support a human health risk assessment8 .

The site
It is understood that the Glenelg Dry Cleaners, 37 - 41 Cliff Street, Glenelg East, has
been used as a dry cleaning premise for a period dating back to the 1950's. Dry
cleaning ceased at the premises around 2006 9

Contamination identified on site includes metals, light fraction petroleum
hydrocarbons and chlorinated solvents. The source of the identified contamination
appears to be originating from the rear of the main building on the site (former dry
cleaning machines) and in the vicinity of the former spirits and underground storage
tank with residual liquids located on the southwest portion of the siteI 0 •
It is understood that source of the contamination remains on site and that remedial and
cleanup actions have not commenced. Without the removal of the contaminated soil
to the rear of the property, there is an ongoing source for both groundwater
contamination (both on and offsite) and also vapour intrusion at the site II and
potentially off site in the residential community.

G/enelg East EPA Assessment Area
In September 2011 , the EPA notified approximately 280 landowners in Glenelg East
that groundwater in the area was contaminated and had the potential to affect nearby
properties. The source of the contamination was confirmed as the former dry
cleanersI 2 • The Glenelg East EPA Assessment Area appears contains a large number
of established residential properties 13 •
It is noted that the Executive Summary of the June 2015 Greencap report states the
followingI 4 ; 'A property survey was conducted across the investigation area which
indicated that the majority ofproperties surrounding the site were likely to have
crawl spaces' .
8

Greencap (2015). Environmental Assessment Works - Stage 2. South Australian Environment
Protection Authority. 37 - 41 Cliff Street, Glenelg East. (eA893546)
9
SA EPA (2014). Glenelg East Site Contamination Assessment. (eA835484)
10
SA EPA (2011). Summary oflmpacts to Groundwater. Glenelg Dry Cleaners. 37 -41 Cliff Street,
Glenelg East.
11
SA EPA (2013). Letter to John and Linda Wright 37 -41 Cliff Street, Glenelg East.
12
Letter to Glenelg East EPA Assessment Area dated 7 September 2011 .
(http ://www.epa.sa.gov.au/data and publications/site contamination monitoring/investigations/glenel
~
13

Desktop assessment - viewed via Google Earth, 8 July 2015.
Greencap (2015). Environmental Assessment Works - Stage 2. South Australian Environment
Protection Authority. 37 - 41 Cliff Street, Glenelg East. (eA893546)
14
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Conmunity Health Concerns
This report comments on how the available data may be assessed to address any
health implications from the inhalation of the volatile chlorinated hydrocarbons
trichloroethene (TCE) and tetrachloroethene (also known as perchloroethene or PCE)
from vapour intrusion associated with the Glenelg Dry Cleaners groundwater and soil
vapour contamination.
This report does not assess;
• occupational exposure to workers who might be in contact with the
contamination (i.e. soil removal, trenching etc) in EPA Assessment Area,
• other exposure pathways in the general community such as ingestion (i.e. of
groundwater and food grown in the EPA Assessment Area) and dermal
exposure through contact with contaminated soil,
• any risk posed by exposures on site at 37 - 41 Cliff Street, Glenelg East, and;
• chemical substances, other than TCE and PCE, that may exceed media
specific health-based guideline values.

Evaluation of Environmental Contamination
An evaluation of site-related environmental contamination consists of a two tiered
approach: 1) a screening analysis; and 2) a more in depth analysis to determine public
health implications from site specific exposures. First, chemical substances measured
in the environment (i.e. groundwater, soil vapour and crawl space) are compared with
media specific health-based guideline values (GV's). If concentrations exceed the
environmental GV's, these substances, referred to as Chemicals of Concern (COC),
are selected for further evaluation. Contaminant levels above environmental GV's do
not mean that adverse health effects are likely, but that further evaluation is necessary.
Once exposure doses are estimated, they are further evaluated to determine the
likelihood of adverse health effects 15 .

Environmental Comparison Guideline Values
There are a number of environmental guideline values (GV's) available for screening
environmental contaminants to identify COC's. These include GV's described in the
Australian Drinking Water Guidelines 2011 (ADWG, 2011) 16 , and the National
Environment Protection (Assessment of Site Contamination) Measure 1999 Variation
2013 (ASC NEPM Variation 2013) 17 . Where GV' s are not in these documents, this
report adopts previously established processes unique to SA environmental
assessments.
15

Adapted from New Jersey Department of Health (2014). Health Consultation. Public Health
Implications of Site Related Indoor Air Exposures. Caldwell Trucking Company Superfund Site
Fairfield Township (EssexCounty), New Jersey. Under a cooperative agreement with the U.S.
Department of Health and Human Services.
16
Australian Drinking Water Guidelines (2011) - updated March 2015 .
https://www .nhmrc.gov.au/guidelines-publications/eh52
17
National Environment Protection Council (1999). National Environmental Protection (Assessment of
Site Contamination) Measure 1999, Amended 2013 . http://www.scew.gov.au/nepms/assessment-site
contamination
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Proposed Environmental Comparison Guideline Values - Screening
Analysis
Groundwater guidelines
Compound
Trichloroethene
Tetrachloroethene

Guideline value
Non detect (<O.001 mg/L)
0.0 5 mg/L - health based

Source
SAEPA 111
ADWG2011

Source

Trichloroethene

Interim Health
Investigation Level (iHIL)
for shallow soil vapour 19
20 µg/m 3

Tetrachloroethene

2000 µg/m 3

Soil vapour guidelines
Compound

ASC NEPM Variation
2013
ASC NEPM Variation
2013

Outdoor, indoor and crawl space air guidelines
The ASC NEPM Variation (2013) is silent on outdoor, indoor and crawl space air
guidelines for TCE or PCE.
The Clovelly Park Mitchell Park Environmental Management Project (CPMPEMP)
established an operational framework of action levels associated with 'inferred'
predicted indoor air TCE concentrations (Figure 1). The TCE action level framework
is used in this report to assess outdoor, indoor and crawl space air measurements.
There is no similar document that establishes a framework of action levels associated
with inferred indoor air PCE concentrations. It should be noted that correspondence
entered into between SA Health and EPA indicated that an indoor air guidance value
of 40 µg/m 3 for PCE was applicable 20 , 21 for the Glenelg East assessment. This
position has not been subsequently revisited. Therefore an indoor air guideline value
of 40 µg/m 3 for PCE is used in this report to assess outdoor, indoor and crawl space
air measurements.
Interim Investigation Levels (iIL) for
outdoor, indoor and crawl space air
Trichloroethene
2 ug/m3
Tetrachloroethene 40 µg/m 3
Compound

18

Source
CPCMEMP
SA Health

The ADWG 2011 is silent on drinking water guideline values for TCE. It is understood that the SA
EPA use non-detects (reported as <0.001 mg/L) to establish Groundwater Prohibition Areas.
19
For the purposes of this report, shallow soil vapour is considered to a depth of 3 meters.
20
SA Health (2013). 37 -41 Cliff Street, Glenelg East; EPA 16239, 05/13829. (eA801058)
21
US EPA (2012). Toxicological Review ofTetrachloroethylene (Perchloroethylene). In Support of
Summary Information on the Integrated Risk Information System (IRIS).
http://www.epa.gov/iris/toxreviews/O106tr.pdf
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Groundwater contamination
Stage 1 groundwater investigations were conducted by Greencap in July- October
2014 from 19 groundwater monitoring wells; 12 wells located onsite and 7 wells
22
located to the west and north-west of 37 -41 Cliff Street .
Range of detections for the July- October 2014 sampling period are as follows ;
Onsite
TCE: non detect (<1 µg/L GWl , GW5 , GW 7) to 420 µg/L (GW13).
PCE: 2 µg/L (GW2) to 2800 µg/L (GW6)

)

Offsite
TCE: non detect (<lµg /L GW14) to 83 µg/L (GW15)
PCE: 8 µg/L (GW16) to 1370 µg/L (GW12)
Stage 2 groundwater investigations were conducted by Greencap in April 2015 from
23 groundwater monitoring wells; 11 located onsite23 and 12 wells located to the west
and north west of 37-41 Cliff Street24 .
Range of detections for the April 2015 sampling period are as follows;
Onsite
TCE: non detect (<1 µg /L GWl, GW3 , GW5 , GW 7, GWlO) to 617 µg/L (GW8).
PCE: 1 µg/L (GW2) to 600 µg/L (GW6)
Offsite
TCE: non detect (< lµg /L GW14 and GW20) to 95 µg/L (GW15)
PCE: <1 µg/L (GW20) to 540 µg/L (GW12)
Depth to groundwater ranged between 3.41 - 4.52m.
Plots of inferred groundwater plumes for the April 2015 monitoring event2 5 are
described in Figure 2 (trichloroethene - TCE) and Figure 3 (tetrachloroethene 
PCE)2 6 .

22

Greencap (2014). Draft Environmental Assessment Works - Stage 1 - Appendix E. South
Australian Environment Protection Authority. 37 - 41 Cliff Street, Glenelg East.
23
Onsite well DC 1was not sampled in April 2015 sampling round.
24
Greencap (2015). Environmental Assessment Works - Stage 2 - Results Summary Tables 
Groundwater. South Australian Environment Protection Authority. 37 - 41 Cliff Street, Glenelg East.
(eA893546)
25
Inferred groundwater plumes for July-October 2014 were not plotted due to data quality assurance
issues.
26
Other interpretations of the inferred groundwater plumes for April 2015 may be possible.
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Soil vapour contamination
Stage 1 shallow soil vapour investigations were conducted by Greencap in October
2014 from 13 soil vapour monitoring locations of which four of these locations were
nested to a depth of approximately 2.Sm. Four locations (one nested) were located
onsite, with the remainder of the well locations offsite27 .
Range of detections for the October 2014 sampling period are as follows;
Onsite28
TCE: 64 - 160 µg/m 3 (I.Sm) to >6900 µg/m 3 (2m)
PCE: >2100 - >12000µg/m 3 (I.Sm) to >SlOOO µg/m 3 (2m)
Offsite
TCE: <2µg/m 3 (I.Sm and 2.Sm at SGP13) to 280µg/m 3 (I.Sm) and 240µg/m 3 (2.Sm)
PCE: <10 µg/m 3 (I.Sm and 2.Sm at SGP13) to 24000µg/m 3 (I.Sm) and <1 IOOOµg/m 3
(2.Sm).
Stage 2 shallow soil vapour investigations were conducted by Greencap in October
2014 from 20 soil vapour monitoring locations of which seven of these locations were
nested to a depth of approximately 2.Sm. Three locations (one nested) were located
onsite, with the remainder of the well locations offsite. 29
Range of detections for the April 201S sampling period are as follows;
Onsite
TCE: <7S - 130 µg/m 3 (I.Sm) to 12000 µg/m 3 (2m)
PCE: 1600 - 21000µg/m 3 (I.Sm) to 140000 µg/m 3 (2m)
Offsite
TCE: <2.7µg/m 3 (I.Sm and 2.Sm) to 860µg/m 3 (I.Sm) and 2200µg/m 3 (2.Sm)
PCE: <3.4 µg/m 3 (I.Sm) and 16µg/m 3 (2.Sm) to 18000µg/m 3 (I.Sm) and <2000µg/m 3
(2.Sm).
Crawl space Air Measurement (Summa Canister)
Crawl space air measurements from three locations at 3S Cliff Street, Glenelg East
were collected in April 201 S. The range of detections for the April 201 S sampling
period are as follows 30 ;

27

Greencap (2014 ). Draft Environmental Assessment Works - Stage 1 - Appendices K & M. South
Australian Environment Protection Authority. 37 - 41 Cliff Street, Glenelg East.
28
Sample SGP02 not reported and SPGOl (0.5m)- failed leak tests
29
Greencap (2015). Environmental Assessment Works - Stage 2 - Figure F - Soil Vapour
Concentration Summary Plan. South Australian Environment Protection Authority. 37 - 41 Cliff
Street, Glenelg East. (eA893546)
30
Greencap (2015). Environmental Assessment Works - Stage 2 - Results Summary Tables - Soil
Vapour & Crawlspace. South Australian Environment Protection Authority. 37 - 41 Cliff Street,
Glenelg East. (eA893546)

t
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TCE: <2.7 - 3.8µg/m 3
PCE: 61 - 130µg/m 3
Outdoor Air Measurements (Radiello)

Outdoor air measurements from three locations at 37 - 41 Cliff Street, Glenelg East
were collected in April 2015. The range of detections for the April 2015 sampling
period are as follows 31 ;
TCE; <0.14 µg/m 3
PCE; 0.37 -0.6 µg/m 3

Discussion

)

The EPA requested that SA Health provide a human health risk assessment for the
Glenelg East EPA Assessment Area. Supporting this request were two reports
detailing environmental assessment works (December 2014 and June 2015) carried
out by Greencap on behalf of the EPA. The objective of these investigations were to
attempt to delineate existing groundwater and soil vapour contamination plumes and
to gather further data (i.e. crawl space and outdoor air) to support a human health risk
assessment.
There are significant challenges in converting the provided environmental assessment
data into a human health risk assessment using the national environmental health risk
assessment process32 . Important limitations include but are not limited to;
1. The groundwater and soil vapour plume remains undelineated and the
therefore the nature and extent of the contamination is not understood,
2. There is one and at most two 'point-in-time' sampling events, therefore it is
not possible to reliably comment on the magnitude, variation, or uncertainty of
the dataset nor conduct a sensitivity analysis on these data,
3. Certain parameters critical for vapour intrusion risk assessment such as
residential dwelling construction, soil moisture parameters beneath dwellings
or a relationship between external soil vapour and soil vapour measurements
beneath dwellings have not been collected. Indoor air validation has also not
occurred.

Environmental Comparison Guideline Values
Three environmental guideline values that are used for comparison or investigation
purposes in this report are not available from national guidance; TCE in groundwater,
TCE action level framework (indoor air) and PCE indoor air investigation level.

31

Greencap (2015). Environmental Assessment Works - Stage 2 - Results Summary Tables - Outdoor
Air (Radiello). South Australian Environment Protection Authority. 37 - 41 Cliff Street, Glenelg East.
(eA893546)
32
enHealth (2012). Environmental health risk assessment - Guidelines for assessing human health
risks from environmental hazards. Commonwealth of Australia.
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TCE Groundwater Guideline Value
The ADWG 2011 states that there is inadequate data to establish an Australian
drinking water guideline for TCE33 • The World Health Organization established a
provisional guidelines value for TCE in drinking water of 20 µg/L in 2005 and
maintained the provisional nature of the guideline value due to limitations in the
toxicology dataset during the 2011 review of the compound34 • It is understood that
the SA EPA uses an effective analytical non-detect (i.e <1 µg/L) for TCE in
groundwater for the purposes of establishing EPA Groundwater Prohibition Areas.
Therefore noting the toxicological uncertainties associated with establishing drinking
water guidelines for TCE, this report uses an administrative guideline value to
compare environmental measurements for screening assessment purposes.
TCE Indoor Air Guideline Value
TCE is carcinogenic to humans by all routes of exposure and poses a potential human
health hazard for noncancer toxicity to the central nervous system, kidney, liver,
immune system, male reproductive system and the developing embryo/fetus 35 . From
a noncancer risk assessment perspective, the developing embryo/fetus, immune
system and kidney are the most sensitive endpoints while the central nervous system
and male reproductive system are less sensitive endpoints by an order of magnitude.
The International Agency for Research on Cancer recently classified TCE as
carcinogenic to humans (Group 1) 36 , consistent with US EPA's conclusion.
The Clovelly Park Mitchell Park Environmental Management Project (CPMPEMP)
established an operational framework of action levels associated with 'inferred'
predicted indoor air TCE concentrations in residential dwellings for the assessment
and management of TCE vapour intrusion in Clovelly Park and Mitchell Park. Since
November 2014 the TCE action level framework has been applied to inform the
assessment and management of TCE at other residential areas potentially impacted by
vapour intrusion in South Australia.
The EPA submission of June 2015 to the Parliament of South Australia Statutory
Authorities Review Committee (SARC) describes in some detail the development of
the TCE response (action) levels 37 . Salient points include;
• Considers concentration ranges that are grouped by order of magnitude,
• Agree response action for each concentration range,
• Reflects long-term exposure (i.e. cancer endpoint) in a residential setting, and
• Uses levels prescribed by the US EP A38 as the lower limit and those of the
World Health Organization39 , 40 as the upper limit for the ranges.
33

Australian Drinking Water Guidelines (2011)- updated March 2015 .
https://www.nhmrc.gov.au/guidelines-publications/eh52
34
WHO 2011, Guidelines for drinking-water quality, ih edn, World Health Organization, Geneva,
available from http ://www .who.int/water sanitation health/dwq/chemicals/en/index.html.
35
Chiu, W.A. et.al. (2013). Human health effects oftrichloroethylene: key findings and scientific
issues. Environmental Health Perspectives, 121 (3), 303-311. http://ehp.niehs.nih.gov/wp
content/uploads/12 l /3/ehp.1205 879 .pdf
36
IARC (2014). 'Trichloroethylene' List of Classification Vol 1-113.
http://monographs.iarc.fr/ENG/Classification/voll 113 .php (Accessed 14 July 2015)
37
SA EPA (2015). Second submission to the Statutory Authorities Review Committee into the
Environment Protection Authority's management of contamination at Clovelly Park and Mitchell Park.
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Community submissions to SARC have queried whether the TCE action level
framework was adequately precautionary, addressed short-term (i.e. non-cancer
endpoints) health risks and appropriately communicated health risk to the community
in the context of health risks posed by short-term TCE inhalation exposure41 . While
there is considerable academic and regulatory controversy with regard to the (short
term) developmental toxicity endpoint, specifically, the risk of heart malformations
during early fetal development as a result of maternal TCE exposure, there is less
debate about the other noncancer endpoints. Informal independent toxicological and
health risk assessment advice provided by Dr's Di Marco, Priestly and Drew in 2014
did not support the use of the developmental toxicity or the other noncancer endpoints
in the TCE risk assessment considerations at this stage.
In the event that an individual living in the Glenelg East EPA Assessment Area is
concerned about the possibility of developmental toxicity as a result of maternal TCE
exposure (i.e. in the event of pregnancy), or other short-term noncancer endpoints,
then it may be appropriate to consider implementing exposure reduction strategies
(i.e. increased household ventilation) as an interim precautionary measure until
environmental assessments are complete. Exposure reduction is a consistent theme of
advice provided by SA Health in relation to trichloroethene 42 .
PCE Indoor Air Guideline Value

Neurotoxicity is identified as a sensitive noncancer health effect for
tetrachloroethylene43 occurring at low exposures; a conclusion supported by multiple
studies. The exposure assessment approach, a key evaluation factor for
epidemiological studies of bladder cancer, non-Hodgkin lymphoma, and multiple
myeloma- provided suggestive evidence of carcinogenicity44 . The International
Agency for Research on Cancer recently classified TCE as probably carcinogenic to
humans (Group 2A)45 , consistent with US EPA's conclusion46 .

38

US EPA (2011). Toxicological Review ofTrichloroethylene. In Support of Summary Information on
the Integrated Risk Information System (IRIS). http://www.epa.gov/iris/toxreviews/O199tr/O199tr.pdf
39
WHO (2000). 'Trichloroethylene' in Air Quality Guidelines for Europe, 2nd ed., World Health
Organization, Geneva. http://www.euro.who.int/ data/assets/pdf file/0005/74732/E71922 .pdf
40
WHO (2010). 'Trichloroethylene' in WHO Guidelines for Indoor Air Quality, Selected Pollutants,
WHO Regional Office for Europe, Copenhagen.
http ://www.euro.who.int/ data/assets/pdf file/0009/ 128 l 69/e94535 .pdf
41
SARC (2015). Statutory Authorities Review Committee into the Environment Protection Authority's
management of contamination at Clovelly Park and Mitchell Park (Submissions)
42
SA Health (2014). Public Health fact sheet - Trichloroethene (TCE).
http://www.sahealth.sa.gov.au/wps/wcm/connect/e8159 l 804e3 88b4 l bd41 bf8ba24f3db9/Trichloroethe
ne+fact+sheet+PHCS+20141110+-+Generic+kb+-+finalised.pdf?MOD=AJPERES
43
SA Health (2011 ). Public Health fact Sheet - Tetrachloroethene (PCE).
http://www.health.sa.gov.au/pehs/topics/tetrachloroethylene-FS-1 l 05 .pdf
44
Guyton, K.Z. et.al. (2014). Human health effects oftetrachloroethylene: key findings and scientific
issues. Environmental Health Perspectives, 122 (4), 325-334. http://ehp.niehs.nih.gov/wp
content/uploads/ 122/4/ehp.13073 59.pdf
45
IARC (2014). 'Tetrachloroethylene (Perchloroethylene)' List of Classification Vol 1-113.
http://monographs.iarc.fr/ENG/Classification/vol l 113 .php (Accessed 14 July 2015).
46
US EPA (2012). Toxicological Review ofTetrachloroethylene (Perchloroethylene). In Support of
Summary Information on the Integrated Risk Information System (IRIS).
http://www.epa.gov/iris/toxreviews/O106tr.pdf
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The assessment of the neurotoxicity studies drew conclusions through an examination
of affected domains (e.g. cognition, vision, motor activity). Human and experimental
animal studies provide complementary evidence regarding the association of
neurobehavioural deficits and PCE exposure. Studies of human exposure can result in
decrements in vision, visuospatial memory and possibly, other aspects of cognition,
and neuropsychological function, including reaction time. Animal studies provide
substanti~l. sugport for associations of PCE exposure with effects in these domains of
neurotox1c1ty .
48

The WHO Guidelines for Indoor Air Quality; Selected Pollutants reaffirmed an
indoor air quality guideline for PCE of 250 µg/m 3 originally set in 200049 based on
long-term effects in the kidney with neurobehavioural symptoms being a supporting
toxicological domain.
The WHO through the Concise International Chemical Assessment Document process
proposes a tolerable concentration of 200 µg/m 3 based on neurotoxicity endpoints 
the most consistent endpoint observed in occupationally exposed cohorts 50 . Similarly
the US EPA focussed on the neurotoxicological endpoint and proposed a chronic
inhalation reference concentration of 40 µg/m 3 based on adverse effects observed in
occupationally exposed cohorts 51 •
It should be noted that correspondence entered into between SA Health and EPA
indicated that an indoor air guidance value of 40 µg/m 3 for PCE was applicable52 , 53
for the Glenelg East assessment. This position has not been subsequently revisited.
Therefore an indoor air guideline value of 40 µg/m 3 for PCE is used in this report to
assess outdoor, indoor and crawl space air measurements.

Qualitative description of the results
The source site has elevated groundwater and soil vapour concentrations for PCE and
TCE. The groundwater appears to be migrating down gradient in a north westerly
direction (Figure 2 and 3). At this stage neither the groundwater or soil vapour plume
has been delineated. Inferred groundwater concentration contours 54 indicate a
47

Guyton, K.Z. et.al. (2014). Human health effects oftetrachloroethylene: key findings and scientific
issues. Environmental Health Perspectives, 122 (4), 325-334. http://ehp.niehs.nih.gov/wp
content/uploads/ l 22/4/ehp.1307359 .pdf
48
WHO (2010). 'Tetrachloroethylene' in WHO Guidelines for Indoor Air Quality, Selected Pollutants,
WHO Regional Office for Europe, Copenhagen.
http://www.euro.who. int/ data/assets/pdf file/0009/l 28169/e94535 .pdf
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concentration gradient from the source into the residential community for TCE, while
it appears that there are two hot spots for PCE, one at the source and another
approximately 150m down gradient from the source.
Soil vapour data imply that PCE and TCE are the chemicals of concern driving the
health risk assessment of properties near the source (i.e. an approximately 50m arc to
the north, north-west and west of the site). Further down gradient the health risk
assessment becomes more challenging due to presence of crawl space dwellings in
this area.
Outdoor air measurements for PCE and TCE taken onsite (i.e. likely worst case
ambient air scenario) were below nominated air guideline values.
Crawl space air measurements at 35 Cliff Street, Glenelg East suggests that the
vapour intrusion pathway is open (i.e. complete) at this property. External soil gas to
crawl space air data pairings indicates a 50 - 100 fold attenuation for TCE and PCE at
this property55 .

Vapour Intrusion Screening Assessment
As noted above in the limitations of the data, providing a reliable exposure assessment
to the community is not possible using the available data. There are, however various
ways the data may be assessed to ascertain the relative risk that may be posed by the
groundwater and soil vapour contamination of the Glenelg East EPA Assessment
Area. This report uses inferred shallow external soil vapour concentrations and
compares these against soil vapour GV's to provide soil vapour contours for further
investigation. This report also extrapolates inferred (predicted) indoor air levels using
standardised attenuation factors and calculated soil vapour concentrations at source
(using groundwater contaminant concentrations). Both approaches have significant
limitations however taken together these modelled outputs should be sufficient to
inform the next steps in the EP As decision making process for this site.

Shallow external soil gas to predicted indoor air
This concept assumes a shallow external soil gas measurement taken to delineate a
soil gas plume is uniformly representative of soil gas directly beneath residential
properties in the surrounding area. An attenuation factor is then applied to the
inferred soil gas concentration below a residential property to obtain a predicted
indoor air concentrations for the property.
The scientific consensus indicates that shallow external soil gas measurements are not
a good estimation for 'actual soil gas' concentrations underneath nearby residential
properties 56 . Therefore shallow external soil vapour measurements are a relatively
between sampling points. Where field data was of insufficient spatial density, but significant
concentration, the contours remain open (the model was not restricted) indicating that additional data
would be required to delineate the contaminant plume.
55
Calculations not shown. External soil gas to crawl space air attenuation in the 50 - 200 fold range
have been observed at other sites located over shallow volatile chlorinated hydrocarbon groundwater
contamination.
56
US EPA (2012). Conceptual Model Scenarios for the Vapour Intrusion Pathway.
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unreliable method for predicting indoor air concentrations of nearby dwellings. To
compensate for this some jurisdictions apply health protective attenuation factors
shallow external soil vapour measurements to identify areas for further investigation
or alternatively go straight to mitigation options57 .
As an initial screen the ASC NEPM Variation 2013 would suggest further
investigation of all properties that lie within a shallow soil vapour contour of 2000
µg/m 3 for PCE or 20µg/m 3 for TCE58 (Figure 4 and 5).
A less conservative approach would be to apply 50 fold attenuation factor from
external soil vapour as a guideline value. There is some indication (i.e. measurement
data at 35 Cliff Street) that this may represent actual vapor intrusion into the crawl
space of dwellings. For the purposes of this report it is assumed that crawl space air is
a complete surrogate for indoor air (i.e. no attenuation between the crawl space and
indoor air) 59 .
A 50-fold attenuation should also lie between the 90th - 95thgercentile attenuation
(i.e. relatively health protective) for slab on grade dwellings 0 . In this scenario
measured shallow external soil gas collected in the vicinity of residential properties is
assumed to represent the ' inferred' soil gas concentration directly below those slab
on-grade properties.
The less conservative vapour screening approach would suggest further investigation
of all properties that lie within a shallow soil gas contour of 2000 µg/m 3 for PCE or
3
1OOµg/m for TCE (Figure 4 and 5).
Vapour concentration at source to predicted indoor air.
This concept uses measured groundwater contaminant concentrations (Cgw) to
calculate contaminant soil vapour concentration (Csg) at source using unitless
Henry's Laws constant (PCE- 0.72 and TCE- 0.40 at 25C)61 in the following
equation:
Csg (µg/m 3)

=

Cgw (µg/L) x Henry's law constant (unitless) x 1000 (L into m3).

In settings with homogenous soils and a vapour source in the groundwater table
directly beneath the building, the soil gas and indoor air concentrations for volatile
organic compounds are inversely related to the distance between the source and the
building (i.e. the deeper the groundwater, the lower the predicted indoor air
57

Minnesota Pollution Control Authority (2015). ' What does your vapor intrusion test results' .
http://www .pea.state.mn.us/index. php/waste/waste-and-c lean up/ cleanup/ s uperfund/vapor
intrusion/understanding-your-vapor-intrusion-test-res ults. html (Accessed 10 July 2015)
58
National Environment Protection Council (1999). National Environmental Protection (Assessment of
Site Contamination) Measure 1999, Amended 2013. http ://www.scew.gov.au/nepms/assessment-s ite
contamination
59
US EPA (2015). OSWER Technical guide for assessing and mitigating the vapor intrusion pathway
from subsurface vapor sources to indoor air.
60
US EPA (2012). EPA ' s Vapor Intrusion Database: Evaluation and Characterization of Attenuation
Factors for Chlorinated Volatile Organic Compounds and Residential Buildings. Table 19.
61
US EPA (2013). OSWER Vapor Intrusion Assessment- Vapor Intrusion Screening Level (VISL)
Calculator Version 3 .1 , June 2013 RSLs - Parameter Summaries
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concentrations). Modelled outputs provided by the US EPA consensus documents
suggest that for the shallowest source (3m below ground surface), the concentration
below the foundation is about 90% of the source concentration for the basement
scenario and about 30-80% of the source concentration for the slab-on-grade
scenario 62 .
'Inferred' predicted indoor air concentrations can be calculated using groundwater
attenuation factors for a depth to water 3-5 m, which is consistent with measured
groundwater depths in the Glenelg East EPA Assessment Area63 . For screening
purposes it is proposed to use a health protective 95th percentile (attenuation - 0.002)
and less conservative median (i.e. 50 percentile attenuation - 0.00004) to calculate
predicted indoor air based on calculated soil vapour concentration at groundwater
source (Figures 6 - 9).
The relationship between vapour concentration (calculated or measured) at source (i.e.
groundwater) and crawl space has not been well investigated in consensus vapor
intrusion documents and is therefore open to much conjecture that can only be
examined using appropriate measurement data.

Characterising the Vapour Intrusion Screening Assessments
At this point in time the groundwater and soil vapour plumes are not yet delineated.
Soil vapour hot-spots for PCE and TCE in a 50 meter arc to the north, north-west and
west of the site warrant further investigation. In this area both PCE and TCE appear
to be drivers of health risk (Figure 4 and 5) 64 •
The investigation could usefully include a review of dwelling construction, sub-slab
or crawl space air investigations and indoor air measurements conducted concurrently
with retesting of groundwater and soil vapour monitoring wells.
Further investigation is warranted in the first instance for crawl space properties
located within the groundwater and soil vapour plumes.
The report is unable to characterise the risk to properties to the south and east of the
site. Should the low level detects at nested soil gas monitoring point SGP20 be
repeatable over time then it is likely that the risk to properties adjacent to that well
will be low.
The relationship between groundwater contamination concentrations and external soil
gas concentrations for PCE and TCE appears complex in the Glenelg East EPA
Assessment Area. The housing construction characteristics in this area are also likely
to be complex. This makes the reliability of 'inferred' predicted indoor air
concentrations using standardised attenuation factors from calculated soil vapour at
source (i.e. groundwater) difficult to interpret at this stage (Figure 6 - 9).
62

US EPA (2012). Conceptual Model Scenarios for the Vapour Intrusion Pathway.
US EPA (2012). EPA' s Vapor Intrusion Database: Evaluation and Characterization of Attenuation
Factors for Chlorinated Volatile Organic Compounds and Residential Buildings. 6.2 Groundwater
Attenuation Factors.
64
Unable to plot shallow soil gas at 2.5m due to data quality assurance issues.
63
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Conclusions
More than 50 years of operation at the Glenelg Dry Cleaners, 37 - 41 Cliff Street,
Glenelg East have resulted in the generation of hazardous wastes and environmental
contamination on- and off-site, including the contamination of groundwater and soil
vapour under nearby residences. Volatile organic compounds that are present in the
groundwater can enter residential indoor air via a process known as vapour intrusion.
Plume-relate contaminants of concern for the residential neighbourhood include
trichloroethene and tetrachloroethene.
This report is informed by data collected specifically to attempt to delineate the
groundwater and soil vapour plumes, as well as, some further site specific information
(i.e. crawl space and outdoor air). The environmental assessment data indicates that
the groundwater and soil vapour plume is not yet delineated. It is noted that
tetrachloroethene was measured at a concentration of 500 µg/L in the groundwater,
approximately 150m down gradient in the established residential area.
Assessment of crawl space air at 35 Cliff Street, Glenelg East indicates the vapour
intrusion pathway is open (complete) at that this property. A property survey across
the investigation area is warranted to identify properties that are likely to have crawl
spaces and or cellars.
Consistent with Australian environmental health guidance, the groundwater and
shallow soil vapour data used to inform this report cannot, in this instance, reliably
infer predicted indoor air contaminant concentrations for the purpose of charactering
health risk from vapour intrusion in the Glenelg East EPA Assessment Area.
However a qualitative assessment of the data supports the following;
•
•
•

There is a need to delineate the groundwater and soil vapour plume,
Soil vapour hot-spots for tetrachloroethene and trichloroethene in a 50 m arc
to the north, north-west and west of the site warrant further investigation, and;
Further investigation is warranted for crawl space properties located within the
groundwater and soil vapour plumes.

Public health risk, if any, would be ameliorated by the following;
1. Remove the source of the groundwater and soil vapour contamination as this
will have ongoing public health benefits into the future for the surrounding
residential community,
2. Delineate the nature and the extent of the groundwater and soil vapour
contamination in the Glenelg East EPA Assessment Area, and extent the
Assessment Area if necessary,
3. Apply a precautionary policy based approach to the assessment and
management of health risk based on limited groundwater and soil vapour
contamination, or
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4. Collect appropriate measurement data over an appropriate period ohime to
assess, characterise and manage the potential health risk to the community
through the inhalation of volatile substances associated with groundwater and
soil vapour contamination in the Glenelg East EPA Assessment Area.
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Declaration
SA Health received a request on 6th July 2015 to provide a human health risk
assessment for the Glenelg East EPA Assessment Area to EPA by 24th July 2015.
Data for modelling purposes was provided on 9th July 2015. Quality assurance issues
with the data provided has lead SA Health to focus on data collected in April 2015.
Case-by-case judgement was used where ambiguities existed and to address model
over fitting in the April 2015 data. All attempts have been made to make the report
factual - errors and omissions that might be present in the report are unintentional.
The report was completed by Dr Ian Delaere and Dr Richard Evans, Scientific
Services Branch on 16th July 2015 for consideration and sign off by the Director
Public Health Services, South Australia Department of Health and Ageing.

Dr Kevin Buckett
Director, Public Health Services
System Performance and Service Delivery
South Australia Department of Health and Ageing
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Figure 2 - TCE Groundwater contours ( <1 µg/L cut-off April 2015 sampling round)
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-Figure 3 - PCE Groundwater contours (50 µg/L cut off April 2015 sampling round)
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Figure 4 - Inferred PCE external soil vapour contours at 1.5 m with a 2000 µg/m3 demarcation (April 201 5)
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Figure 5 - Inferred TCE external soil vapour contours at 1.5 m with 20 and 100 µg/m 3 demarcations (April
2015)
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Figure 6 - 'Inferred' predicted indoor air PCE concentrations using a 95th percentile attenuation and
calculated soil vapour at source (i.e. groundwater)
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Figure 7 - 'Inferred' predicted indoor air PCE concentrations using a 5Qth percentile attenuation and
calculated soil vapour at source (i.e. groundwater)

E• .,11na Jroun
-

5,·,, B;:,

dal)

Public II -Al

Figure 8 - 'Inferred' predicted indoor air TCE concentrations using a 95th percentile attenuation and
calculated soil vapour at source (i.e. groundwater)
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Figure 9 - 'Inferred' predicted indoor air TCE concentrations using a
calculated soil vapour at source (i.e. groundwater)
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