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. ENV 1.:0NMENTAL PROTECTION AUTHuKlTY 

2.5 Environmental factors relevant to the scheme 

The EPA has idenlified some environmental factors which are relevant to the scheme area and should be addressed in the Environmental Review document. These 
faclors are listed below (see Table I). 

Table 1: Environments' factors relevant to the scheme 

CONTENT SCOPE OF WORK 

Factors Site specific faclor l Work required for the envtronmental review J Objective I Additional comments 

POLLUTION 

Land Soil contamination It is possible that some land within the area 10 be 
rezoned is effected by soil contamination . .. 
Show, through planning measures, how the 
amendment will ensure that: 
a) prior to development approval being granted for 

any land withih the amendment area, a thorough 
investigation is made for the presence of soil 
contamjnation; 

b) the site investigation identifies the nature and 
extent of contamination; 

c) that a management strategy which details the 
remediation strategy, timing, disposal actions an~ 
validation program will be initiated in the event : 
that soil contamination above levels agreed to by 
the Department of Environmental Protection is : 
detected; and 

d) the site is deaned up to the requirements of the 
Department of Environmental Protection. 

2.6 Deferred environmental factors 

·none iclentilied at this stage (change as required) 

Ensure the rehabilitation of the site 
to an acceptable standard that is 
compatible with the intended land 
use, consislent with appropriate 
criteria. 

Contaminated material ::.hould be 
treated on-site or disposed of off­
site at an appropriate land fill 
facility. v.(here this is not feasible, 
contaminated material should be 
managed on-site to prevent 
groundwater contamination or risk 
to public health. 

2 April, 1998 

It is understood lhat any 
investigations for soil 
contamination will be 
undertaken at a later stage, 
prior to development of lan<.l 
contained within the 
amendment area. 
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1. BCJV SOIL ASSESSMENT Of TUNNEL ALIGNMENT 

The soil sampling program was designed according to the historical potential for 
contamination. The purpose of the sampling program was to identify 
contamination in those areas destined to be excavated so that it could be 
separated from clean material which could be used as clean fill elsewhere. Soil 
contaminated above the ANZECC B environmental investigation level within the 
tunnel alignment corridor was removed separately to the clean fill and disposed to 
landfill. 

Following the completion of the construction works, soil was reinstated over the 
tunnel by BCJV and a program of soil sampling was then implemented to validate 
the contamination status of the reinstated fill. This validation sampling program 
was undertaken by Egis Consulting in 1999, separate to the earlier BCJV soil 
assessment program. 

The results of the tunnel alignment soil contamination assessment and the follow­
up fill validation sampling program are discussed in the following subsections. 
Block A was not assessed as no soil was to be excavated as part of the tunnel 
project. 

1.1 BLOCKB 

A number of past industries were identified as potential sources of contaminants 
in Block B. The industries of concern included a pest control company, a radiator 
manufacturer, metal fabrication and metal treatment works. The soil sampling 
program was undertken on a surveyed 1 Om grid from which soil samples were 
taken to a depth of 1.5 m. A total of 72 soil samples were tested from Block B as 
part of the preliminary soil investigation. 

Soil containing high concentrations of lead (up to 1,100 mg/kg) and zinc (up to 
11 ,000 mg/kg) were detected to a depth of 2 m, this was excavated and disposed 
of to landfill. Zones of lower concentrations of contaminants in soil were also 
detected to 0.5m depth, with lead concentrations up to 620 mg/kg and zinc to 
4,000 mg/kg. This contamination was also removed and disposed of to landfill. 
The HGM assessment report stated that all identified contamination in Block B 
were cleaned up as part of the construction program (HGM, 1998}. 

The validation sampling performed by Egis Consulting on the reinstated soil in 
Block B showed that the soil was clean and contained no contaminants in excess 
of normal background levels. 

1.2 BLOCKC 

The landuses within Block C included: metal fabrication, automotive, electrical 
and refrigeration industries. The soil sampling program was undertaken on a grid 
pattern apart from one property on which a house was still standing at the time of 
the investigation. A total of 45 soil samples were taken from Block C. 

The assessment of contamination indicated levels of lead up to 1 ,500 mg/kg and 
zinc to 1 ,600 mg/kg. The contamination was shallow to a depth of 0.3 m and was 
excavated and disposed to landfill. The HGM assessment report noted that all 
soil contamination was removed as part of the tunnel construction program 
(HGM, 1998). 

The soil validation program performed by Egis Consulting on Block C has shown 
that the soil reinstated over the tunnel construction does not contain 
contaminants over normal background levels. 



1.3 BLOCKD 

Previous landuses identified on Block D included automotive repair and 
drycleaning businesses. The soil sampling program was undertaken on a 
surveyed 1 Om grid. Some random sampling points were also used where a site 
inspection had identified areas of potential or visual contamination. A total 126 
soil samples were taken from Block D. 

Contamination with lead (up to 4,000 mg/kg) and zinc (up to 3,300 mg/kg) was 
detected to a depth of 0.75m. However, the contamination found did not appear 
to be specifically related to any previous landuse. All contamination was 
removed as part of the tunnel construction program (HGM, 1998). 

The soil validation program performed by Egis Consulting on Block D indicate 
that clean fill reinstated over the tunnel construction area contains no 
contaminants above ANZECC B levels. 

1.4 BLOCKE 

The previous landuses on Block E were considered to have a minimal potential 
for soil contamination and therefore limited sampling was undertaken. 
Confirmation sampling was performed by taking 8 random soil samples from 
stockpiles of soil that had been excavated from the western portion of Block E. 
The eastern portion of Block E was not accessible at the time the assessment 
was performed. 

Soil analysis indicated that there were no elevated levels of lead or zinc 
contaminants in the soil excavated from the western portion of Block E. The 
HGM assessment report (HGM, 1998) proposed that further testing be 
undertaken should visual observations suggest the presence of contamination. 

The soil validation program performed by Egis Consulting on Block E has shown 
that the soil reinstated over the tunnel construction is clean with no contaminants 
above ANZECC B levels. 

1.5 BLOCKF 

Potential sources of contamination on Block F were identified as a galvanising 
industry, a furniture store and a plastics company. The HGM assessment report 
(HGM, 1998} states that no soil investigations were carried out on Block F at the 
time of printing. 

Validation sampling performed by Egis Consulting on Block F indicate that clean 
fill reinstated over the tunnel construction area contains no contaminants above 
ANZECC B levels. 

1.6 BLOCKG 

Historical investigations found that the landuse on Block G was limited to 
residential and parkland, therefore no physical soil sampling and assessment was 
performed (HGM, 1998). 

The results of the validation program performed by Egis Consulting indicate that 
the clean fill reinstated over the tunnel construction area contains no 
contaminants above ANZECC B levels. 

1.7. BLOCKH 

A historical study of the land in Block H and site inspection indicated that several 
lots were occupied by automotive repair shops and car hire firms. it was 



determined that these businesses could be a possible source of hydrocarbon 
contamination and that a sampling grid of 1 Om by 20m was therefore initiated. 

A total of 42 soil samples were routinely tested for lead and zinc with a selection 
of samples also tested for arsenic, cadmium, copper and mercury. 

Nine locations were identified as contaminated with heavy metals to levels above 
the ANZECC B investigation level with concentrations of lead detected up to 
600 mg/kg and levels of zinc up to 330 mg/kg. Contamination was detected in 
soil in several areas to a depth of 0.75m. 

The preliminary soil contamination assessment report (HGM, 1998) suggests that 
four lots (Lots 1, 2, 6 and Pt W40) may contain levels of contaminants that require 
excavation and disposal at landfill. The HGM report indicates that soil 
contamination identified during the tunnel construction works would be cleaned 
up as part of the project. 

The validation program performed by Egis Consulting has shown that clean fill 
reinstated over the tunnel construction does not contain contaminant levels above 
ANZECC B levels. 

1.8 BLOCK I 

The historical studies performed on land in Block I identified several landuses that 
had a potential to create soil contamination. One of these landuses was an 
automotive repair business. The site investigation was performed by soil 
sampling on a 1 Om by 20m grid to a depth of 1 m. All samples to 0.5m depth 
were tested for lead and zinc with 8 random samples also tested for arsenic, 
cadmium, copper and mercury. In total, 92 soil samples were submitted for 
laboratory analysis from Block I. 

Twenty locations in Block I were identified as contaminated with heavy metals 
above the ANZECC investigation level with concentrations of lead detected up to 
990 mg/kg and levels of zinc up to 700 mg/kg. 

The preliminary soil contamination assessment report (HGM, 1998) noted that 
contamination in one area appeared to be associated with a band of dark 
coloured material observed at a depth between 0.5 m and 0.85 m. This 
discoloured soil was excavated and disposed to landfill. Another area of 
contaminated soil in Block I, where lower concentrations of metal contaminants 
were detected to a depth of 0.5m was also removed during excavation in the 
tunnel work area. 

The validation program performed by Egis Consulting has shown that clean fill 
reinstated over the tunnel construction does not contain contaminant levels above 
ANZECC B levels. 



2. SOIL CONTAMINATION STATUS OUTSIDE OF TUNNEL 
ALIGNMENT 

The following sections summarise the level and extent of contamination identified 
in each Block. The criteria used to assess the contamination is based on the 
ANZECC B environmental investigation level and 1998 NEHF Health based 
investigation levels (HIL) for a standard residential setting. Areas nominated in 
the text exclude the tunnel alignment. 

2.1 BLOCKA 

The area of block A is about 0.6 ha. The assessment of contamination in Block A 
has been based on 10 sampling locations to a depth of 1.5 m. No contaminants 
above either ANZECC B or the HIL were detected. 

Results are summarised in Table A. 

Number Number of 
of lots in lots 
Block A sampled 

10 8 

2.2 BLOCKB 

TABLE A 
BLOCK A SUMMARY 

Number of Number of 
sampling uncontaminated 
locations locations 

10 10 

• Contaminants 

None 

The area of block B is about 1.46 ha. The assessment of contamination in Block 
B has been based on 41 sampling locations. A large number of commercial and 
residential buildings and hardstand surfaces limited the number of lots that could 
be accessed. One third of the lots were not sampled for these reasons. 

Soil samples from 19 of the 41 sampling locations exceeded ANZECC B levels. 
Of these, 14 contained concentrations of heavy metals above the environmental 
assesment criteria in the surface to 0.5 m sample only. The main heavy metal at 
these locations was zinc, with some copper and lead contamination also 
identified. 

Contamination in soils below 0.5 m depth was identified at five locations. Of 
these, three locations had concentrations of zinc above the ANZECC B level with 
one location also exhibiting zinc and copper concentrations above ANZECC B. 

One location (B23) was found to contain heavy metal, hydrocarbon and OC 
contamination to a depth of 1.5 m. A maximum lead concentration of 
3,400 mg/kg was identified in the surface to 0.5 m sample. This value is 17 times 
greater than the HIL and ANZECC B level of 300 mg/kg. Samples below 1.5 m 
depth were not able to be recovered. This sample location is adjacent to an 
existing radiator business. 

The 19 locations in which contamination was detected is distributed over 13 lots. 
Three of these lots have been identified as the location of a previous or current 
potentially contaminating landuse. An additional 6 lots back onto a previous 
contaminating landuse. 

Results are summarised in Table B overleaf. 



Number Number of Number of Number of 
of lots in lots sampling uncontaminated 
Block B sampled locations locations 

33 21 41 22 

*Dutch B Criteria applies 

NC No criteria established 

TBA To be assessed. 

TABLE B 
BLOCK B SUMMARY 

Contaminants Number of sampling 
identified locations where 

contamination was 
identified 

>ANZECC 8 >HIL 
Copper 7 0 

Lead 4 4 
Zinc 19 0 

Dieldrin 1 0 
TPH (Cs-Cs) 1 TBA 

Criteria values Maximum 
contaminant 

concentrations 

ANZECC 8 HIL (mg/kg) 
60 1,000 240 

300 300 3,400 
200 7,000 950 
0.2 10 0.5 

1 00* NC 820 



2.3 BLOCKC 

The area of block C is about 1 .19 ha. The assessment of contamination in 
Block C has been based on 45 sampling locations. A large number of 
commercial and residential buildings plus hardstand surfaces limited the number 
of lots that could be accessed. However, almost 80% of lots were able to be 
sampled. 

Heavy metal concentrations in soil samples from 13 locations exceeded 
ANZECC B levels. Of these, 11 contained concentrations of heavy metals above 
the environmental criteria in the surface to 0.5 m depth sample. Heavy metal 
contamination was identified in the 0.5m to 1.0 m sample at only two of the 11 
locations. The principal heavy metal contaminant at these locations was zinc, 
with some elevated concentrations of copper and lead. 

PCB's were detected in the surface to 0.5 m sample at location C52. Adjacent 
samples and samples from the 0.5 m to 1.0 m depth interval exhibited no 
detectable concentrations of PCB's, thus suggesting the contamination is 
localised. An electrical business occupies the lot on which the sample was taken. 
The lot to the east was previously used for metal fabrication. 

The 13 locations in which contamination was identified are distributed over 11 
lots. Four of these lots have been identified as the location of a previous or 
current potentially contaminating landuse. 

Results are summarised in Table C overleaf. 



Number Number of Number of Number of 
of lots in lots sampling uncontaminated 
Block C sampled locations locations 

23 18 45 32 

TABLE C 
BLOCK C SUMMARY 

Contaminants Number of sampling 
identified locations where 

contamination was identified 

>ANZECC 8 >HIL 

Copper 3 0 
Lead 5 5 

Zinc 12 0 
PCB's 1 0 

Criteria values Maximum 
contaminant 

concentrations 

ANZECC 8 HIL (mg/kg) 
60 1,000 130 

300 300 630 
200 7,000 880 

1 10 4 



2.4 BLOCKD 

The area of block 0 is about 1 .58 ha. The assessment of contamination in 
Block 0 has been based on 26 sampling locations. A large number of 
commercial and residential buildings plus hardstand surfaces limited the number 
of lots that could be accessed. Approximately half of the lots were sampled. 

Soil samples from 10 of the sampling locations exceeded ANZECC 8 levels. Of 
these locations, seven contained zinc contamination with one location exhibiting 
copper and zinc contamination in the surface half metre. Two locations on the 
same lot contained zinc contamination in the surface to 0.5 m and 0.5 to 1.0 m 
depth samples. Samples below 1.0 m depth could not be recovered at these 
locations. 

The 10 locations in which contamination was identified are distributed over seven 
lots. Two of these lots have been identified as the location of a previous or 
current potentially contaminating landuse. 

Results are summarised in Table 0 overleaf. 



Number Number of Number of Number of 
of lots in lots sampling uncontaminated 
Block D sampled locations locations 

36 17 26 16 

TABLED 
BLOCK D SUMMARY 

Contaminants Number of sampling 

identified locations where 
contamination was 

identified 

>ANZECC 8 >HIL 

Copper 1 0 

Zinc 10 0 

Criteria values Maximum 
contaminant 

concentrations 

ANZECC B HIL (mg/kg) 

60 1,000 220 

200 7,000 2,100 



2.5 BLOCKE 

The area of block E is about 2.04 ha. The assessment of contamination in 
Block E has been based on 47 sampling locations. A few of the smaller lots 
could not be accessed. The remainder of the block is asphalt covered carpark. 
Sampling access was achieved through existing holes in the asphalt which may 
have potentially concentrated any contamination resulting from spillage. 

Soil samples from 12 of the sampling locations exceeded ANZECC 8 levels. Of 
these, nine contained concentrations of heavy metals above ANZECC 8 in the 
surface to 0.5 m depth interval. The primary heavy metals at these locations 
were zinc and lead with one location also containing elevated copper 
concentrations. Zinc contamination was identified in the 0.5 m to 1.0 m sample at 
three locations. 

The 12 locations in which contamination was identified are distributed over 11 
lots. Two of these lots have been identified as the location of a previous or 
current potentially contaminating landuse. 

Results are summarised in Table E overleaf. 



Number Number of Number of Number of 
of lots in lots sampling uncontaminated 
Block E sampled locations locations 

35 25 47 35 

TABLE E 
BLOCK E SUMMARY 

Contaminants Number of sampling 

identified locations where 
contamination was identified 

>ANZECC 8 >HIL 

Copper 1 0 

Lead 6 6 

Zinc 11 0 

Criteria values Maximum 
contaminant 

concentrations 

ANZECC 8 HIL (mg/kg) 

60 1,000 410 

300 300 780 
---

200 7,000 670 



2.6 BLOCK F 

The area of block F is about 2.54 ha. The assessment of contamination in 
Block F has been based on 67 sampling locations. Approximately 70% of lots 
were accessed. Areas of buildings and hardstand, particularly on Money Street, 
limited the number of lots that could be accessed. Five lots are privately owned 
and were therefore not tested. 

Soil samples from 34 of the sampling locations exceeded ANZECC B levels. Of 
these, 27 contained heavy metals above ANZECC B in the surface to 0.5 m 
depth interval. Heavy metal contamination was found in the 0.5m to 1.0 m 
samples at three locations, and in the 1.0 m to 1 .5 m samples in three additional 
locations. The principal heavy metal contaminant at these locations was zinc 
copper and lead. Cadmium and chromium was also detected. OC contamination 
was identified at seven locations. 

The 34 locations in which contamination was identified are distributed over 22 
lots. Four of these lots have been identified as the location of a previous or 
current potentially contaminating landuse. 

Results are summarised in Table F overleaf. 



Number Number of Number of Number of 
of lots in lots sampling uncontaminated 
Block F sampled locations locations 

48 34 67 33 

Note **12% Cr(lll), 100 Cr(VI) 

TABLE F 
BLOCK F SUMMARY 

Contaminants Number of sampling 

identified locations where 
contamination was 

identified 

>ANZECC 8 >HIL 

Cadmium 1 0 

Chromium 1 0 

Copper 8 0 

Lead 22 22 

Zinc 30 0 

Dieldrin 8 0 

Criteria values Maximum 
contaminant 

concentrations 

ANZECC 8 HIL (mg/kg) 

3 20 3.7 

50 12%/100** 100 

60 1,000 150 

300 300 3,000 

200 7,000 1500 

0.2 10 0.5 



2.7 BLOCK G 

The area of block G is about 0.64 ha. The assessment of contamination in 
Block G has been based on six sampling locations. Block G (Weld Square) has 
historically been a park or open space with no history of contaminating activities. 
No contaminants above ANZECC B levels were detected. 

Results are summarised in Table G. 

Number of Number of 
lots in lots 

Block G sampled 

1 1 

2.8 BLOCKH 

TABLEG 
BLOCK G SUMMARY 

Number of Number of 
sampling uncontaminated 
locations locations 

6 6 

Contaminants 

·· Identified 
.·.·. ·• 

None 

The area of block H is about 0.54 ha. The assessment of contamination in 
Block H has been based on 31 sampling locations. Samples were obtained from 
all lots within Block H. 

Soil samples from 10 of the sampling locations exceeded ANZECC B levels for 
heavy metals. Of these, 7 contained heavy metals above ANZECC B in the 
surface to 0.5 m depth interval. Three contained heavy metal contamination to 
1.0 m depth. The principal heavy metal at these locations is zinc and lead. 
Copper and chromium was also detected. 

Three samples obtained from the same lot (H 11, H 11 A and H 12) contained 
hydrocarbon contamination to a depth of 1.5 m. Samples beyond this depth were 
not able to be recovered. 

None of the blocks where contamination was identified are directly associated 
with an existing or previous contaminating landuse. However the lot on which 
hydrocarbon contamination was identified borders onto lots previously used as a 
car yard and car repairs workshop. 

Results are summarised in Table H overleaf. 



Number of Number of Number of Number of 
lots in lots sampling uncontaminated 

Block H sampled locations locations 

15 15 31 19 

r---· 

Dutch B Criteria 

Note ** 12% Cr(lll), 100 Cr(VI) 

TABLE H 
BLOCK H SUMMARY 

Contaminants Number of sampling 

identified locations where 
contamination was 

identified 

>ANZECC 8 >HIL 

Chromium 1 0 

Copper 1 0 

Lead 4 4 

Zinc 10 0 

TPH (Cw-C36) 3 0 

Criteria values Maximum 
contaminant 

concentrations 

ANZECC 8 HIL (mg/kg) 

50 12%/1 00** 53 

60 1,000 73 

300 300 430 

200 7,000 4,400 

1 00* 5,600 12,500 



2.9 BLOCKI 

The area of block I is about 1.20 ha. The assessment of contamination in Block I 
has been based on 34 sampling locations. Samples were obtained form all but 
two lots. 

Soil samples from 15 of the sampling locations exceeded ANZECC B levels for 
heavy metals. All heavy metal contamination was confined to the surface to 
0.5 m depth interval. The heavy metals identified at these locations were zinc, 
lead and copper. OC's were identified in samples from two locations slightly 
above ANZECC B. 

The 16 locations in which contamination was identified are distributed ·over 11 
lots. One of these lots has been identified as the location of a previous or current 
potentially contaminating landuse. 

Results are summarised in Table I overleaf. 



Number of Number of Number of Number of 
lots in lots sampling uncontaminated 

Block H sampled locations locations 

22 18 34 18 

TABLE I 
BLOCK I SUMMARY 

Contaminants Number of sampling 

identified locations where 
contamination was 

identified 

>ANZECC 8 >HBL 

Copper 6 0 

Lead 8 8 

Zinc 13 0 

Dieldrin 3 0 

Criteria values Maximum 
contaminant 

concentrations 

ANZECC 8 HBL (mg/kg) 
--

60 1,000 270 

300 300 1,000 
--

200 7,000 1,000 

0.2 10 1.3 
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APPENDIX C 
QUALITY ASSURANCE PROGRAM 

Environmental sampling requires specific sampling techniques and a high level of quality 
control. Sampling protocols ensure that the samples submitted for laboratory analysis 
have been sampled in the appropriate manner and are truly representative of the 
conditions. Quality control includes laboratory reanalysis of a number of samples and 
decontamination procedures for sampling equipment to ensure there has been no cross 
contamination between sample locations. 

Soil samples were taken in accordance with an appropriate quality assurance plan which 
details the methods of sampling, handling and transport of samples and decontamination 
or cleaning procedures for sampling equipment. 

All samples were analysed at quality controlled NATA (National Association of Testing 
Authorities) registered laboratories. Samples were. transported in cooled, insulated 
containers and were analysed within their appropriate holding times. 

The quality assurance procedures involved with the two major investigations (HGM, 1998 
& Egis, 1999) which are used to characterise the nature and extent of contamination are 
outlined as follows: 

• I-ICM, 1998: all equipment used for sampling of soil was decontaminated before and 
after use. 

• Egis, 1999: all equipment used for soil sampling was decontaminated before and after 
use with a detergent solution and clean water rinse. Duplicate samples of soil were 
performed including secondary laboratory checks. Duplicate and triplicate samples 
were collected every twenty sampling locations. 
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EXECUTIVE SUMMARY 

The State Government through Main Roads and the Western Australian Planning 

Commission has substantial land holdings in Northbridge adjacent to and including the tunnel 

alignment which are to be redeveloped for high density residential, commercial and 

entertainment purposes. In order to redevelop the land for residential purposes, the 

contamination status of the soil has been assessed in accordance with the Australian and 

New Zealand Environment and Conservation Council (ANZECC) Guidelines for the 

Assessment and Management of Contaminated Sites (1992), to determine suitability and the 

need for any remediation. 

A health risk assessment has then been undertaken to evaluate the risks to human health 

posed by the soil contamination identified in the environmental investigations. The risk to 

future residents is considered to be from exposure to lead and volatile hydrocarbon 

contaminated soil. 

The health risk assessment considered dermal contact, ingestion and inhalation exposure 

pathways. The risk was assessed against maximum contaminant levels so as to reduce the 

chance of underestimating potential exposure levels. 

The response levels for lead and heavy fraction hydrocarbons is taken from the NEHF health 

investigation levels which are shown on Table 3. A commercial setting (NEHF Exposure 

Setting F) has also been included for reference purposes. 

TABLE 3 
PROPOSED RESPONSE LEVELS 
All results expressed as milligrams per kilogram 

CONTAMINANT RESIDENTIAL HIGH DENSITY PARKS/OPEN COMMERCIAL 
EXPOSURE RESIDENTIAL SPACE EXPOSURE 
SETTING A EXPOSURE EXPOSURE SETTING F 

SETTING D SETTING E 

\Lead I 300 I 1,200 I 600 I 1,500 
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Heavy Fraction 5,600 
Aliphatic TPH 

22,400 11,200 28,000 
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1. BACKGROUND TO THE HEALTH RISK ASSESSMENT ISSUE 

1.1 INTRODUCTION 

The State Government through Main Roads and the Western Australian Planning 

Commission has substantial land holdings in Northbridge. The land was acquired for 

the construction of the Northbridge Tunnel. This land is to be redeveloped for 

residential, commercial and entertainment purposes and is termed: The Northbridge 

Redevelopment Area or NRA. 

The Northbridge Redevelopment Area (NRA) is a narrow corridor of land running 

east of Fitzgerald Street towards Lord Str~et. The area is bounded by Aberdeen 

Street to the south and Newcastle Street to the north along the western sector. East 

of Beaufort Street, the area extends northward and is bounded by Newcastle Street 

to the south and Parry Street to the north (Figure 1 ). 

The current landuse within the NRA is a mix of residential and commercial. 

Commercial landuse is focused along the western half of the redevelopment area 

with residential landuse primarily in the eastern part. Past landuses have resulted in 

parts of the NRA land having soil contamination. The contamination status of the 

NRA is provided in detail in the Environmental Review and is summarised in 

Section 2. 

The majority of properties within the NRA are in government ownership, mostly with 

the Western Australian Planning Commission (WAPC) who is the proponent for the 

redevelopment. Twenty properties in the redevelopment area are privately owned 

and have not been investigated, the contamination status of which is unknown. The 

land above the Northbridge tunnel is presently cleared and has been constructed of 

clean fill. 
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1.2 PURPOSE OF THE HEALTH RISK ASSESSMENT 

In order to redevelop the land for residential purposes, the contamination status of 

soils must be assessed to determine suitability and the need for any remediation. 

The NRA has been subject to a number of site investigations which have found 

generally low level superficial soil contamination. The results of the assessment 

phase are subject to a Health Risk Assessment (HRA) which will be used to evaluate 

the risks to human health posed by the soil contamination. The HRA process is 

described in detail in Section 2. 

The objective of the HRA is to consider and assess any potential risks related to 

future residents or occupiers of sites within the NRA. The results of the HRA will be 

used to determine those sites that require remediation prior ts> redevelopment. 

Groundwateruse is not expected due to the proposed densities of the redevelopment 

which are up to R 160. Thus the contamination status of the underlying groundwater 

has not been considered. 

The protection of the health of workers engaged in the removal of contaminated 

materials is outside the scope of this document. This issue will be addressed by the 

remediation contractor at a later date as part of their occupational health and safety 

management plan. 
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2. THE HEALTH RISK ASSESSMENT PROCESS 

2.1 GENERAL 

Health Risk Assessment (HRA) is commonly used to assess the health impacts 

associated with contaminated soil and groundwater. This process allows for the 

development of site-specific risk-based criteria which can be applied as response 

levels for remedial works (ie clean-up criteria for remediation or levels requiring 

management action). 

HRA is a primary component in an overall risk-based approach to decision making 

which seeks to manage risk to human .health and facilitate redevelopment of 

contaminated land. Determining the level of risk of an adverse effect on human 

health uses a structured and well-recognised process outlined in the Australian and 

New Zealand Environment and Conservation Council (ANZECC) Guidelines for the 

Assessment and Management of Contaminated Sites (1992). 

The principal components of this process are: 

hazard identification; 

exposure assessment; 

• toxicity evaluation; 

• risk characterisation. 

The Health Risk Assessment process is illustrated on Figure 2. 

An important tenet of HRA is that the underlying objective is to effectively protect the 

most sensitive individuals in the exposed population (for example children or the 

elderly). In sufficiently protecting the more sensitive receptor groups in the 

population it is assumed that the general population is protected. This objective is 

evidenced in the commonly adopted levels of acceptable incremental risk of cancer 

used in decision making; usually in the range 1 in 10,000 (1 x 1 o·4) to 1 in 1,000,000 

(1 x 10-6
) per lifetime (ie. one additional case of cancer in 10,000 to 1,000,000 

people). 

HRA seeks to determine the intake of a chemical by an individual and how this level 

compares to a nominal dose that is considered acceptable. With respect to soil 

contamination, exposure may arise from a range of routes, including ingestion of soil, 

inhalation of volatiles or particulates, dermal absorption and food chain exposure. 

Exposure to contaminated groundwater may arise from consumption, direct contact 

with waterbodies, irrigation and exposure via the food chain. 
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In assessing possible adverse effects on human health, consideration is given to a 

range of carcinogenic and non-carcinogenic effects. lt is often the carcinogenic 

effects that are limiting in terms of possible adverse effects. 

2.1.1 Risk Assessment Process 

Health risk assessment is primarily used to determine the risk posed to human health 

rather than the environment. Firstly, the nature and extent of contamination is 

determined by an Environmental Site Assessment (ESA). Analytical results are 

compared to Tier 1 criteria which normally comprise both environmental artd human 

health investigation levels. Where Tier 1 criteria is exceeded, a site specific or Tier 2 

risk assessment maybe undertaken. The results of the Tier 2 assessment then 

determine the need for management or remediation of the contamination. 

Risk assessment can be performed either in a forward or back calculation mode. 

Forward risk assessment is where the current contamination status is considered 

acceptable to remain based on site specific factors. Back calculation is where the 

level of acceptable risk is first determined and then a response or clean-up level is 

calculated based on site specific factors. 

For the NRA, this risk assessment process will be forward and will be based on 

maximum observed contaminant levels. This approach has been undertaken due to 

the large size of the proposed project and on the frequency of testing performed as 

part of the initial soil sampling program. 

As the ESA was a Phase 1 investigation, the scope of works was to determine what 

the contaminants of concern are rather than full delineation of the extent of impact. 

Therefore conservatism must be applied to the results to ensure the worst case 

scenario is considered in the HRA process. 
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2.2 SITE CHARACTERISATION 

This section broadly outlines the nature and extent of the contamination identified in 

the NRA. it is based on the findings of environmental investigations detailed in the 

Environmental Review. The physical characteristics and environmental setting of the 

site are also described. 

2.2.1 Hazard Identification 

The objective of undertaking this stage of the HRA process is to identify all chemical 

substances that are present within the NRA which have the potential to cause harm 

to human health. 

Hazardous substances are usually identified by considering which materials may 

have been used, stored or disposed of on a site, or may have arrived through 

dumping or site filling. The contaminants identified in the NRA are based on the 

Phase 1 ESA program which found the following contaminants above environmental 

investigation levels (these are fully described in Section 2.3): 

• Heavy Metals 

);> Cadmium 

);> Chromium 

);> Copper 

);> Lead 

);> Zinc 

• Hydrocarbons (TPH or Total Petroleum Hydrocarbons: aliphatic) 

• Chlorinated Hydrocarbons 

);> Organochlorine Pesticides (Dieldrin, DDT & derivatives) 

);> Polychlorinated Biphenyls (PCB) 

lt is noted that neither biologically or physically hazardous materials are an issue with 

the NRA and that only chemical toxicants are considered. 

2.2.2 Analvtical Results 

The analytical results derived from the assessment phase are shown overleaf on 

Table 1. Only those contaminants which exceeded environmental investigation 

levels have been included. 
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BLOCK A 

BLOCK B 

BLOCK C 

I BLOCK D 

BLOCK E 

BLOCK F 

I BLOCK G 

BLOCK H 

BLOCK I 

NONE 

Copper 

Lead 

Zinc 

Dieldrin 

TPH (Ce-Cs) 

Copper 

Lead 

Zinc 

PCBs 

Copper 

Zinc 

Copper 

Lead 

Zinc 

Cadmium 

Chromium 

Copper 

Lead 

Zinc 

Dieldrin 

NONE 

Chromium 

Copper 

Lead 

Zinc 

TPH (C1o-C3e) 

Copper 

Lead 

Zinc 

Dieldrin 

60 240 
300 3,400 
200 950 
0.2 0.5 
100 820 

60 130 
300 630 
200 880 

1 4 

60 220 
200 2,100 

60 410 
300 780 
200 670 

3 3.7 
50 100 
60 150 
300 3,000 
200 1,500 
0.2 0.5 

50 53 
60 73 

300 430 
200 4,400 
1000 12,500 

60 270 
300 1,000 
200 1,000 
0.2 1.3 
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2.2.3 Hvdrogeologv 

The Northbridge Redevelopment Area lies primarily within the Spearwood Dune 

geomorphological unit which is of eolian origin (GSWA, 1986). The lithology of this 

area is characterised by pale and olive yellow, medium to coarse grained quartz sand 

derived from Tamala limestone. On the northern flank of the redevelopment in the 

region of Block F is areas of peaty sand associated with swamp deposits. The 

lithology is characterised as grey and black quartz sand with peat lenses. 

The direction of groundwater flow is generally between south and southeast towards 

the Swan River. Depth to groundwater ranges from 1 m in low lying areas to a 

maximum of 10 m (WRC, 1997). 

2.3 ENVIRONMENTAL INVESTIGATION LEVELS 

The Western Australia Department of Environmental Protection (DEP) currently. 

employs the Australian and New Zealand Guidelines for the Assessment of 

Contaminated Sites (ANZECC/NHMRC 1992) and in their absence for certain 

. chemical compounds, the Dutch Guidelines for Soil Remediation (1983) for the 

assessment of soil contamination. 

The ANZECC guidelines include Environment Investigation Threshold (B) levels and 

Proposed Health Investigation Level Guidelines. Where contamination is identified at 

concentrations in excess of the thresholds, further investigation and evaluation on a 

site-specific basis may be warranted. A site-specific evaluation would include a 

consideration of future site use, human health risks and other impacts on the 

nominated beneficial uses. 

The ANZECC Health Investigation Level Guidelines apply to lead, cadmium, arsenic 

and benzo(a)pyrene which are frequently occurring contaminants of significance. 

These levels have been developed using a health risk assessment approach and can 

only be applied with reference to particular exposure settings. 

Where no Environmental Investigation Threshold is nominated, the ANZECC 

guideline recommends use of the Dutch B guidelines. lt should be noted that the 

listed concentrations are "investigation thresholds" and indicate the soil contaminant 

concentration level above which further investigation is required. They are not 

intended to be regarded as absolute upper bound concentration levels which must 

not be exceeded. 
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The Dutch (The Netherlands Department of Housing, Physical Planning and the 

Environment) guidelines which have been widely used for assessing appropriate 

levels for a range of contaminants in soils, nominate various action levels for a range 

of contaminants. The Dutch A levels represent a background or reference value. 

The Dutch B levels represent an investigation threshold, above which further 

consideration of the impact of contamination or land use is warranted. Contaminant 

levels below Dutch B are generally considered acceptable for sensitive landuses 

such as residential. The Dutch C levels represent a threshold of contamination at 

which clean-up is likely to be required. Levels below Dutch C are generally 

considered appropriate for a commercial or industrial land use. 

The Risk Assessment and Environmental Quality Division of the Minister of Housing, 

Spatial Planning and Environment in the Netherlands has provided a revised version 

of the 1983 Dutch guidelines known as the 1994 Environmental Quality Objectives. 

The former "A, B and C" criteria have been replaced by target and intervention 

values. Target levels indicate the concentration of a contaminant in which the risk of 

adverse effects on the ecosystem and functional properties of the environment are 

considered to be negligible. The intervention levels are considered contaminant 

concentrations which repr~sent serious environmental pollution and therefore will 

require "clean-up" or remediation. 
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3. EXPOSUREASSESSMENT 

3.1 GENERAL 

Exposure assessment involves evaluation of the following key areas: 

1. identification of receptor groups, both on-site and off-site; 

2. identification of complete exposure pathways; 

3. estimation of concentrations in media to which humans may be exposed; 

and 

4. estimation of the exposure likely to be experienced by human receptors. 

3.2 RECEPTOR GROUPS 

The NRA must be suitable for residential purposes. Therefore the primary receptor 

group is considered to be future residents living on the redeveloped site which may or 

may not have been subject to remediation. The most sensitive receptor in this group 

is considered to be young children of about 2 years of age (toddlers). 

The behaviour patterns of toddlers gives rise to the greatest exposure potential to 

contaminants in soil. They have relatively higher soil ingestion rates, and dermal and 

inhalational exposures relative to body weight compared to older age groups (NEHF, 

1998). Therefore this subgroup of future residents has been identified as the one 

requiring greatest protection from soil contaminants. 

The rate of incidental ingestion of soil by toddlers has been conservatively estimated 

at 100 mg/day which is approximately four times higher than the adult rate. With 

their lower body weight and higher daily incidental ingestion of soil, it is considered 

that young children are at greater risk from soil contaminants than adults. Inhalation 

and dermal routes of exposure are considered relatively insignificant except for 

volatile compounds (ANZECC/NHMRC, 1992). Exposure routes are considered in 

Section 3.3. 

By affording protection to this subgroup, all other possible human receptors are 

therefore covered such as workers involved with soil·contact (e.g. gardeners, trench 

diggers). 
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Probable exposure pathways at the NRA are: 

• dermal contact with soil; 

• ingestion of soil; 

• inhalation of soil emissions; and 

• consumption of produce grown in contaminated soil. 

Consumption of home grown produce is a very unlikely scenario as the proposed 

residential densities would not provide sufficient space for such gardens. Therefore 

this exposure pathway is not considered. Groundwater exposure routes have also 

not been considered in the exposure pathway analysis as this was considered 

unlikely given the proposed development scenario. 

The National Environmental Health Forum (NEHF) 1998 nominates health-based 

investigation levels (HIL) for soil. These levels are based on health considerations as 

distinct from environmental protection of soil organisms and plants. Differing HIL's 

apply to distinct exposure settings. The exposure settings are: 

• A 'Standard' residential with garden/accessible soil. 

• B Residential with substantial vegetable garden including poultry. 

• C Residential with substantial vegetable garden excluding poultry. 

• D Residential with minimal opportunities for soil access. 

• E Parks, recreational open space and playing fields. 

• F Commercial/Industrial. 

The greater the opportunity for exposure to soil contaminants, both direct and 

indirect, the higher the level of protection that is required. Therefore exposure 

settings D, E and F tolerate a higher level of residual soil contamination compared to 

residential settings A through to C. 

An exceedence of the relevant NEHF value which is the Tier 1 generic health-based 

criteria normally prompts development of site specific criteria or a Tier 2 risk 

assessment. The Tier 2 risk assessment considers the level of contamination in 

context with site specific parameters as distinct from the default parameters used in 

the NEHF exposure settings. 
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The proposed Northbridge redevelopment will include a mix of high density 

residential and commercial development. Such developments will provide minimal 

opportunity for access to soil, so the appropriate Tier 1 assessment of soil 

contamination is the HIL Exposure Setting D. 

Where there is redevelopment with ready access to soil, Exposure Setting D cannot 

apply so an appropriate exposure setting should be followed with contaminants 

assessed against the relevant investigation level. 

Exposure setting D is described as a 'Residential with minimal opportunities for soil 

access; includes dwellings with fully and permanently paved yard space such as 

high-rise apartments and flats'. Table 2 has been revised to show only those 

locations which exceed the health based investigation level for Exposure Setting D. 

These locations are considered to require a site specific health risk assessment 

which is detailed in Section 5. 

The exposure settings used by the NEHF are appropriate to be used for the NRA as 

they have been determined for Australian conditions and lifestyle choices based on 

local statistics for population and housing characteristics, residence duration and 

backyard food production. 

Compared to the Exposure Setting - D health investigation level, only two areas; 

Blocks B and E are considered to require detailed site-specific risk assessment. The 

contaminants of concern are lead and volatile fraction hydrocarbons. The toxicity of 

these compounds is discussed in Section 4 with a risk assessment response 

provided in Section 5. 
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TABLE2 
ANALYTICAL RESULTS IN EXCESS 
OF HEALTH INVESTIGATION LEVEL 
All results expressed as milligrams per kilogram 

BLOCK A NONE 

BLOCK B Lead 

TPH (Cs-Ce) 

BLOCK C NONE 

BLOCK 0 NONE 

BLOCK E NONE 

LOCK F Lead 

BLOCK G NONE 

BLOCK H NONE 

BLOCK I NONE 

1,200 3,400 

100 820 

1,200 3,000 
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4. TOXICITY ASSESSMENT 

4.1 GENERAL 

Having identified the contaminants and those with the potential for adverse effects, 

the level of exposure associated with the onset of adverse effects is now evaluated. 

The level of exposure at which an adverse effect may occur is characterised using a 

dose-response factor. This information is chemical specific, not site specific. 

In considering possible adverse effects on human health, information may be drawn 

from epidemiological studies (i.e. studies of human populations occupationally or 

environmentally exposed), animal bioassays (conducted in the laboratory) and a 

range of cellular tests (e.g. genotoxicity assays). 

A toxicity evaluation for each of the hazardous substances of concern present in soils 

at the NRA is necessary in order to develop acceptable levels protective of human 

health. Toxicity may be either carcinogenic (i.e. causes cancer) or non-carcinogenic. 

Discussion and calculation of both types of risk to human health are outlined in 

Section 5. 

4.2 CONTAMINANTS OF CONCERN 

The toxicity of those contaminants found at the NRA are subject to a toxicological 

appraisal to determine whether they are carcinogenic or non-carcinogenic. The 

identified contaminants above both the relevant human health and environmental 

investigation levels are outlined in the appraisal. 

The health investigation level exposure setting A or "standard residential" has been 

included to provide an indication of toxicity risk for those compounds with 

concentrations below the exposure setting D levels. 

4.2.1 Heavv Metals 

Heavy metal contaminants include cadmium, chromium, copper, lead and zinc, all 

are considered to be non-carcinogenic with ingestion as the primary exposure 

pathway. Some metals are more toxic than others with only lead being identified in 

excess of the high density residential- HIL screening level (exposure setting D). 
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Cadmium 

Cadmium is a relatively toxic metal but was found in the NRA at a maximum 

concentration of 3.7 mg/kg which is 18% of the Residential Exposure A~ HIL. At 

such low concentrations, cadmium is not considered a health issue. 

Chromium 

Chromium can result in skin hypersensitivity in sufficient concentration. At the NRA, 

the maximum observed chromium concentration was 100 mg/kg which is at the 

Residential Exposure A - HIL. At such low concentrations, chromium is not 

considered a health issue. 

Copper 

Copper can be toxic to infants less than one year of age. This receptor group has a 

minimal exposure to dermal contact or ingestion and are excluded as a receptor 

group for risk assessment purposes. The maximum observed copper concentration 

at the NRA is 410 mg/kg which is only 41% of the Residential Exposure A- HIL. At 

such low concentrations, copper is not considered a health issue. 

Lead 

High blood lead levels in children has been linked to neurological effects such as 

decreased IQ. Lead concentrations as high as 3,400 mg/kg have been found at the 

NRA. This is 11.3 times the Residential Exposure A- HIL. This lead concentration 

is also 2.8 times the Residential Exposure D - HIL. This lead concentration is 

considered to require application of site specific risk assessment to fully evaluate 

potential health risks. 

Zinc 

Zinc is an essential element required by the body and is not considered as toxic 

except for intake of significant amounts. The maximum observed zinc concentration 

at the NRA is 4,400 mg/kg which is 63% of the Residential Exposure A- HIL. At 

such low concentrations, zinc is not considered a health issue. 
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4.2.2 Hydrocarbons 

Hydrocarbon contaminants include both volatile and heavier fraction petroleum 

hydrocarbons. There is much complexity regarding this group of chemicals with 

many that are carcinogenic such as benzene. Where no such carcinogenic or 

indicator compounds have been detected, the level of risk decreases as a function of 

limited environmental mobility and low volatility. 

Volatile Fractions 

The NEHF has not set HIL's for volatile hydrocarbon fractions (<C15) due to complex 

environmental behaviour pathways and carcinogenicity issues. The exposure 

pathway related to soil emissions is an important consideration, especially in 

permeable soils such as sands with a high potential for vapour transfer. The 

observed volatile hydrocarbon concentrations were 820 mg/kg or 8.2 times the 

Dutch 8 criteria. As there are no HIL's for this fraction, application of a site specific 

risk assessment is required to fully evaluate potential health risks. 

Heavv Fraction 

Heavy fraction hydrocarbon contamination was detected at 2.2 times the Residential 

Exposure A - HIL. However the TPH concentration is only 55% of the Residential 

Exposure D - HIL. Given that the level is below the high density residential criteria, 

no further risk assessment is required for that particular landuse. 

4.2.3 Chlorinated Hydrocarbons 

Chlorinated hydrocarbons are a very stable group of chemicals which are persistent 

in the environment. This group includes organochlorine (OC) pesticides and PC8's. 

OC pesticides have been implicated as possible Group 28 carcinogens (IRIS, 1999). 

Such carcinogens are considered probable with evidence of cancers in animals but 

not humans. 

The primary exposure pathways with this group is dermal and inhalation uptake. 

DC Pesticides 

The maximum observed OC concentration was 1.3 mg/kg which is 13% of the 

Residential Exposure A- HIL. At such low concentrations, OC's are not considered 

a health issue. 
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PCB's 

PCB's were detected in only one location throughout the whole NRA at a 

concentration of 4 mg/kg. This level is 40% of the Residential Exposure A..:.. HIL. At 

such low concentrations, PCB's are not considered a health issue. 
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5. RISK CHARACTERISATION 

5.1 GENERAL 

The results of the exposure and toxicity assessments are combined to provide an 

estimate of the risk of adverse effects to human health. As part of the risk 

characterisation component, consideration should be given to both: 

• presenting the uncertainty associated with the risk estimates, and 

• communication of risk estimates to relevant decision makers. 

The risk to future residents at the NRA based on the findings of the Phase 1 ESA 

and toxicity assessment performed as part of this HRA, is from exposure to lead and 

volatile hydrocarbon contaminated soil. To assess the risk posed by these 

contaminants a site specific risk assessment is required which incorporates site 

conditions rather than generic assumptions regarding exposure pathways. 

The calculation of risk for both carcinogenic and non-carcinogenic substances is 

described in the following sections. 

5.1.1. Calculation of Non-carcinogenic Risk 

Non-carcinogenic risk is evaluated by comparing the exposure level of a substance 

over the duration of exposure against a reference dose (RfD) derived for a similar 

exposure period. The reference dose or Tolerable Daily Intake (TDI) is a safe intake 

of a substance over a particular exposure period with no adverse health effects. 

There are both chronic and sub-chronic RfD's for assessing short or long term 

exposures. 

The TDI has been determined by the National Health and Medical Research Council 

or the World Health Organisation and is the toxicological basis for levels derived in 

the 1998 NEHF health investigation levels. 

The ratio of exposure for a particular chemical and the individual pathway to the RfD 

is called the hazard quotient (HQ). The HQ's are usually added together across all 

chemicals and exposure routes to estimate the hazard index (HI). If the HI is below 

1, no adverse health effects occur, even if the receptor is exposed to this dose 

continuously over a lifetime. Hazard indices above 1 indicate a potential health risk 

and the need for further investigation work or remedial action. 
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5.1.2. Calculation of carcinogenic Risk 

Carcinogenic risk assumes that exposure to any amount of a carcinogen will 

increase the risk of cancer and that there is no safe (zero risk) dosage. Carcinogenic 

risk is based on incremental probability, so the greater the exposure, the higher the 

risk. This potency factor is referred to as the slope factor. 

The slope factor is the result of application of a low-dose extrapolation procedure and 

is applied to the LADD (lifetime average daily dose) to determine the individual 

excess lifetime cancer risk or IELCR. The IELCR or carcinogenic risk is expressed 

as the chance of developing cancer, normally expressed at 1 in 10,000, 1 in 100,000 

or 1 in 1 ,000,000. 

5.2 LEAD 

Lead is a difficult chemical to assess as there is no validated toxicity criteria and 

developing a site specific Tier 2 response level is beyond the scope of most risk 

assessment projects and generic computer models. For all compounds except lead 

an acceptable daily exposure can be derived. Whereas for lead, acceptability is 

. based on blood lead levels which can only be calculated using a physiologically­

based pharmacokinetics model. 

The NEHF recommends that the conservative HIL's should be used rather than the 

results of biokinetic modelling which generate higher values for tolerable lead levels 

in soil. Given the complexity in determining site specific lead levels and the 

conservatism surrounding lead and its effects on young children, the proposed 

response level for the NRA is the HIL Residential Exposure Setting D value of 

1 ,200 mg/kg. 

5.3 VOlATILE HYDROCARBONS 

Volatile hydrocarbons present a risk to human health as outlined previously in 

Section 4. The contamination detected was subject to a site specific health risk 

assessment using the BP RISC (Risk-Integrated Software for Cleanups) software 

program. The results of the risk modelling are attached as Appendix A An outline of 

the software model, assumptions and parameters used in its application are 

described in Section 5.4. 
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The risk assessment considered the following exposure pathways: 

• Ingestion of soil, 

• Dermal contact with soil, and 

• Inhalation of outdoor air. 

The hazard index (HI) for each route of exposure is shown as Figure 3 and is 

discussed in the following sections. The total HI for all exposure routes is around 7E-

05 or 7X 1 o-s which is at least four orders of magnitude below the hazard risk of 1. 

Therefore the presence of the volatile soil contamination does not represent a risk to 

human health and does not require remedial action. 

No groundwater exposure pathways were considered as part of the site specific risk 

assessment as access to groundWater was unlikely. 

The modelling exercise was undertaken on a receptor who is both a child and adult 

occupying the site with access to the soil. This is a conservative scenario, as a child 

has much more exposure to soil, combined with a lower body weight resulting in a 

higher contaminant burden compared to an adult. 

5.3.1 Ingestion of Soil 

Ingestion of soil is calculated to be the most significant exposure route for a child with 

a very low hazard index of 3.29E-04 which is four orders of magnitude below the 

hazard risk of 1. Ingestion as a child represents the greatest possible health risk 

from the hydrocarbon contamination. 

5.3.2 Dermal Contact 

Dermal contact is calculated to be the main exposure route for an adult with a very 

low hazard index of 5.20E-05. The child hazard index was 3.23E-04. 

5.3.3 Inhalation of Outdoor Air 

Inhalation is a minor exposure route with respective child and adult hazard indices of 

3. 79E-05 and 8.33E-06. The calculated current average outdoor air concentration. 

based on the vadose soil model is 0.215 mg/m3
. 
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5.3.4 Degradation Rate 

The soil vapour emissions and soil concentrations (vadose soil model) are expected 

to decline rapidly within two years to effectively a zero level. This is however a simple 

computer model prediction which is based on a number of assumptions and should 

be viewed only as a guide. 

Given that the volatile hydrocarbons are rapidly degrading due to volatilisation, the 

contamination will be considered remediated in approximately two years and will no 

longer be an environmental or human health issue. Should buildings or hardstand 

surfaces be constructed over the contamination, the rate of degradation is expected 

to significantly reduce compared to an open outdoor scenario. 

5.4 RISK ASSESSMENT MODEL 

The BR RISC (Risk-Integrated Software for Cleanups) software program can be 

used to estimate the potential for adverse human health impacts for up to nine 

exposure pathways. The software also contains vadose zone, saturated zone, and 

air and fate transport models for estimating receptor point concentrations. 

With regard to the NRA, BP RISC has been used to determine the hazard index (HI) 

for Aliphatic TPH (C6-C8). The inhalation exposure pathway was calculated using a 

Vadose Soil Model which simulates contaminant transport through unsaturated soil. 

This fate and transport model is one dimensional using an advective-dispersion 

solute transport equation. Volatilisation losses are used as the source in a box 

model which is used to calculate outdoor air concentrations. Algorithms then 

determine the HI for each of the nominated exposure pathways. 

Limitations of the BP RISC model are: 

• water table fluctuations are not considered, 

• contaminant source has a uniform concentration across the specified volume, 

and 

• derived moisture content is constant for the entire depth· of the soil column. 
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6. UNCERTAINITY ANALYSIS 

This health risk assessment has been performed using analytical information 

supplied in the Environmental Review for the Northbridge redevelopment. Given that 

the Phase 1 environmental site assessment comprised 307 sampling locations over 

an area of 11.8 ha which did not include non-government land, there exists the 

potential that "hot spots" of significant contamination may have been missed. 

Adoption of maximum contaminant concentrations for assessment purposes should 

reduce the chance of underestimating potential exposure levels. 

Levels adopted in this risk assessment for all contaminants other than volatile 

hydrocarbons is based on a high density residential exposure setting where there is 

no ready access to soil. Should areas of the redevelopment have access to soil such 

as parks, the allowable level of contaminants in the soil will reduce. This variation in 

allowable soil levels applies only to lead and heavy fraction hydrocarbons. For all 

other tested contaminants, adoption of more sensitive exposure settings is not an 

issue. 

The response levels for lead and heavy fraction hydrocarbons is taken from the 

NEHF health investigation levels which are shown on Table 3. A commercial setting 

(NEHF Exposure Setting F) has also been included for reference purposes. 

TABLE3 
PROPOSED RESPONSE LEVELS 
All results expressed as milligrams per kilogram 

CONTAMINANT RESIDENTIAL , HIGH DENSITY PARKS(OPEN COMMERCIAL 
EXPOSURE RESIDENTIAL · SPACE E?<POSURE( · 
SETTING A ,EXPOSURE EXPOSURE SE

1
TfiNG F t~ 

SETTING D SETTING E •" ..... 

Lead 300 1,200 600 1,500 

Heavy Fraction 5,600 22,400 11,200 28,000 
Aliphatic TPH 
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APPENDIX A 
CALCUlATION OF RISK-FOR 

ALIPHATIC TPH lC&-Cal 



Title: 
New Project 

File not saved 

Scenarios: 
~dult Resident - Typical 

Child Resident - Typical 

Routes: 
INGESTION OF SOIL 
DERMAL CONTACT WITH SOIL 
INHALATION OF OUTDOOR AIR 

Chemicals: 
TPH Aliphatic C6-8 

SUMMARY OF INPUT PARAMETERS 
SCENARIO: 

1 2 

---------------------------------------------------------------------
Lifetime and Body Weight 

Body Weight (kg) 
Lifetime (years) 

INGESTION OF SOIL 

Soil Ingestion Rate (mg/day) 
Exp. Frequency Soil (events/year) 
Exp. Duration Soil (years) 
Absorption Adjustment Factor for 

Ingestion of Soil (-) 
TPH Aliphatic C6-8 

Soil Bioavailability (-) 
TPH Aliphatic C6-8 

DERMAL CONTACT WITH SOIL 

Fraction Skin Exposed to Soil (-) 
Adherence Factor for Soil (mg/cm~2) 
Exposure Freq. Soil (events/year) 
Exposure Duration Soil (years) 
Absorption Adjustment Factor for 

Dermal Exposure to Soil (-) 
TPH Aliphatic C6-8 

Soil Bioavailability (-) 
TPH Aliphatic C6-8 

INHALATION OF OUTDOOR AIR 

Inhalation rate (m~3/hr) 
Time outdoors (hours/day) 
Lung Retention Factor (-) 
Exp. Freq. Outdoor Air (events/yr) 
Exp. Duration Outdoor Air (yr) 
Absorption Adjustment Factor for 

Inhalation (-) 
TPH Aliphatic C6-8 

MEDIA CONCENTRATIONS 

70.00 
70.00 

40.00 
40.00 

9.00 

1.0 

1.0 

. 1 1 

.20 
40.00 

9.00 

.so 

1.0 

.83 
1. 10 
1. 00 

350.00 
9.00 

1.0 

16.00 
70.00 

90.00 
130.00 

5.00 

1.0 

1.0 

.13 

.20 
130.00 

5.00 

.50 

1.0 

.83 
2.20 
1. 00 

130.00 
5.00 

1.0 



:oncentration in Outdoor Air (mg/m~3) 
Obtained from Fate and Transport output 
AVERAGE Concentration (over exposure duration) 
(used to calculate carcinogenic risk) 

Exposure Duration (years) 9.0 5.0 
TPH Aliphatic C6-8 

Concentration used to calculate hazard index 
(Minimum of 7 years or exposure duration) 

Exposure Duration (years) 
TPH Aliphatic C6-8 

:oncentration in Soil (mg/kg) 

2.61E-03' 4.70E-03 

7.0 5.0 
3.36E-03 4.70E-03 

Used in calculating carcinogenic risk and hazard index 
TPH Aliphatic C6-8 8.20E+02 8.20E+02 

SLOPE FACTORS AND REFERENCE DOSES 

Ingestion Slope Factor [1/(mg/kg-day)] 
TPH Aliphatic C6-8 

Ingestion Reference Dose (mg/kg-day) 
TPH Aliphatic C6-8 

Inhalation Slope Factor [1/(mg/kg-day)] 
TPH Aliphatic C6-8 

Inhalation Reference Dose (mg/kg-day) 
TPH Aliphatic C6-8 

~ermal Slope Factor [1/(mg/kg-day)] 
TPH Aliphatic C6-8 

Dermal Reference Dose (mg/kg-day) 
TPH Aliphatic C6-8 

ND 

5.0 

ND 

5.0 

ND 

5.0 

SCENARIO: 

SUMMARY OF RESULTS 

INGESTION OF SOIL 

TPH Aliphatic C6-8 
CDI (mg/kg-day) 
LADD (mg/kg-day) 
Cancer Risk (-) 
Hazard Index (-) 

DERMAL CONTACT WITH SOIL 

TPH Aliphatic C6-8 
CDI (mg/kg-day) 
LADD (mg/kg-day) 
Cancer Risk (-) 
Hazard Index (-) 

INHALATION OF OUTDOOR AIR 

TPH Aliphatic C6-8 
CDI (mg/kg-day) 
LADD (mg/kg-day) 
Cancer Risk (-) 
Hazard Index (-) 

1 

5.14E-05 
6.60E-06 
O.OOE+OO 
1. 03E-05 

2.60E-04 
3.34E-05 
O.OOE+OO 
5.20E-05 

4.20E-05 
4.20E-06 
O.OOE+OO 
8.33E-06 

2 

1.64E-03 
1.17E-04 
O.OOE+OO 
3.29E-04 

1.61E-03 
1.15E-04 
O.OOE+OO 
3.23E-04 

1.91E-04 
1.37E-05 
O.OOE+OO 
3.79E-05 

ND 

5.0 

ND 

5.0 

ND 

5.0 



Hazard Index for Each Route 

0.000 

0.0003 

Hazard Index 0.0002 

0.0001 

0.0000 ~ 
lng. of Soil Outdoor Air 

Dermal Soil 

Exposure Route 

I Adult Resident -
Typical 

I Child Resident -
Typical 



Hazard Index for Each Chemical 

0.0000 

0.0000 

Hazard Index o.oooo 

0.00000 
TPH Aliphatic C6 

Chemical 



Vadose zone model used to estimate outdoor air concentration 

Title: New Project 

Simulation time (years) .......... . 

Vadose Zone Source Parameters 

Thickness of contamination (m) ......... . 
Depth to top of contamination (m) ...... . 
Length of source (m) ................... . 
Width of source (m) .................... . 

Unsaturated Zone Properties 

Total Porosity in vadose zone (cm3/cm3) 
Residual water content (cm3/cm3) ....... . 
Fraction organic carbon (g oc/g soil) .. . 
Soil bulk density ( g I cm3) .............. . 
Infiltration Rate (cm/yr) .............. . 
Saturated conductivity (m/d) ........... . 
Van Genuchten" s N ...................... . 
Thickness of vadose zone (m) ........... . 
Air content in capillary fringe(cm3/cm3) 

OUTDOOR AIR PARAMETERS 

Height of box (breathing zone) (m) ..... . 
Width of box (m) ....................... . 
Wind speed (m/s) ....................... . 

TPH Data for Unsaturated Zone Source 

10 

.500 

.000 
10.0 
10.0 

.300 
5.000E-02 
2.000E-03 

1. 70 
85.0 
5.00 
2.68 
4.00 
.000 

2.00 
10.0 
4.70 

Concentration of TPH in soil (mg/kg).... . 000 
Molecular weight of TPH (g/mol)......... .000 

CHEMICAL DATA INPUT: TPH Aliphatic C6-8 

Diffusion coeff. in air (cm2/s) .... . 
Diffusion coeff. in water (cm2/s) .. . 
Solubility (mg/1) .................. . 
KOC ( rnl I g) ......................... . 
Henry"s Law Coefficient (-) ........ . 
Molecular Weight (g/rnol) ........... . 
Density of chemical (g/crn3) ........ . 
Degradation rate sat. zone (1/d) ... . 
Degradation rate unsat. zone (1/d) .. 

.100 
1.000E-05 
5.40 

3.980E+03 
51.0 
100. 
.680 
.000 
.000 

Source Concentrations: TPH Aliphatic C6-8 

Source Cone. for unsaturated zone model (mg/kg) ... 820. 



MODEL OUTPUT FOR: TPH Aliphatic C6-8 

VADOSE ZONE MODEL OUTPUT 

Effective Diffusion Coefficient for Vadose zone 

Total thickness of subunit [cm] ............... 1.00E+OO 
Air-filled porosity[-] ....................... 2.00E-01 
Water-filled porosity [-]..................... l.OOE-01 
Total porosity[-] ............................ 3.00E-01 

(sum of air-filled and water-filled porosities) 
Effective diff. coeff. for subunit .... [cm~2/s] 5.18E-03 

Effective Diffusion Coefficient for Lens 

Total thickness of subunit [cm] ............... O.OOE+OO 
Air-filled porosity[-] ....................... 9.16E-02 
Water-filled porosity [-]..................... l.SBE-01 
Total porosity [-] ............................ 2.50E-01 

(sum of air-filled and water-filled porosities) 
Effective diff. coeff. for subunit .... [cm~2/s] S.SSE-04 

Source concentration is ABOVE residual limit 

Source total decay term--Beta .............. 6.803E-02 
Source loss term--liquids only [1/day] ..... 1.804E-05 
Source loss term--vapor only [1/day] ....... 6.801E-02 
Initial source. vapor concentration [kg/m~3] 2.754E-01 
Diffusion path length [m] .................. 2. 600E-01 
Average vertical thickness of the source[m] S.OOOE-01 

Dispersivity limited to dispmax: .146E-04 

Dispersivity limited to dispmax: .146E-04 

Dispersivity limited to dispmax: .146E-04 

Dispersivity limited to dispmax: .146E-04 

Dispersivity limited to dispmax: .146E-04 

Dispersivity limited to dispmax: .146E-04 

Dispersivity limited to dispmax: .146E-04 

Dispersivity limited to dispmax: .146E-04 

Calculated vertical dispersion coefficient (m~2/day) 1.46E-05 

CUMULATIVE LOSSES (from the Unsaturated Zone) 
TPH Aliphatic C6-8 

Total Mass Mass Loading Volatilization Liq. Mass Los 

Time in Source to Groundwater Losses From Source 

(yr) (kg) (kg) (kg) (kg) 



------ -------------- --------------
1.0 1.15E-09 O.OOE+OO 
2.0 1.51E-15 O.OOE+OO 
3.0 1.51E-15 O.OOE+OO 
4.0 1.51E-15 O.OOE+OO 
5.0 1.51E-15 O.OOE+OO 
6.0 1.51E-15 O.OOE+OO 
7.0 1.51E-15 O.OOE+OO 
8.0 1.51E-15 O.OOE+OO 
9.0 1.51E-15 O.OOE+OO 

10.0 1.51E-15 O.OOE+OO 

VADOSE ZONE CONCENTRATION WITH DEPTH 
TPH Aliphatic C6-8 

TIME .0 years 

Depth 
(m) 

• 5 
• 9 

1.3 
1.7 
2 . 1 
2.5 
2. 8 
3.2 
3. 6 
4.0 

Liquid Phase 
Concentration 

(mg/1) 

5.40E+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

TIME 1.0 years 

Depth 
(m) 

. 5 
• 9 

1.3 
1.7 
2. 1 
2.5 
2.8 
3.2 
3.6 
4.0 

Liquid Phase 
Concentration 

(mg/1) 

8.88E-11 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

TIME 2.0 years 

Depth 
(m) 

. 5 
• 9 

1.3 
1.7 
2 . 1 
2.5 
2. 8 
3.2 

Liquid Phase 
Concentration 

(mg/1) 

1. 46E-21 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Total Soil 
Concentration 
Below Source 

(mg/kg) 

7.57E+01 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Total Soil 
Concentration 
Below Source 

(mg/kg) 

1.24E-09 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Total Soil 
Concentration 
Below Source 

(mg/kg) 

2.05E-20 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

-------------- -------------
6.97E+01 1.85E-02 
6.97E+01 1.85E-02 
6.97E+01 1.85E-02 
6. 97E+01' 1.85E-02 
6.97E+01 1.85E-02 
6.97E+01 1.85E-02 
6.97E+01 1.85E-02 
6.97E+01 1.85E-02 
6.97E+01 1.85E-02 
6.97E+01 1.85E-02 



3.6 
4.0 

O.OOE+OO 
O.OOE+OO 

TIME 3.0 years 

Depth 
(m) 

. 5 
• 9 

1.3 
1.7 
2. 1 
2.5 
2. 8 
3.2 
3.6 
4.0 

Liquid Phase 
Concentration 

(mg/1) 

2.40E-32 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

TIME 4.0 years 

Depth 
(m) 

• 5 
• 9 

1.3 
1.7 
2. 1 
2.5 
2.8 
3.2 
3.6 
4.0 

Liquid Phase 
Concentration 

(mg/1) 

3.95E-43 
1.56E-44 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

TIME 5.0 years 

Depth 
(m) 

• 5 
• 9 

1.3 
1.7 
2. 1 
2.5 
2.8 
3.2 
3.6 
4. 0 

Liquid Phase 
Concentration 

(mg/1) 

6.49E-54 
6.65E-12 
3.64-122 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

TIME 10.0 years 

Depth 

(m) 

. 5 

. 9 
1.3 
1.7 
2.1 
2.5 

Liquid Phase 
Concentration 

(mg/1) 

7.80-108 
2.92E-34 
O.OOE+OO 
1. 53E-83 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

Total Soil 
Concentration 
Below Source 

(mg/kg) 

3.36E-31 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Total Soil 
Concentration 
Below Source 

(mg/kg) 

5.53E-42 
2.18E-43 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Total Soil 
Concentration 
Below Source 

(mg/kg) 

9.09E-53 
9.32E-11 
5.11-121 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Total Soil 
Concentration 
Below Source 

(mg/kg) 

1.09-106 
4.09E-33 
O.OOE+OO 
2.15E-82 
O.OOE+OO 
O.OOE+OO 



2.8 
3.2 
3.6 
4.0 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

LIQUID PHASE CONCENTRATION 
TPH Aliphatic C6-8 

Time 
(yr) 

. 0 
1.0 
2. 0 
3.0 
4.0 
5.0 
6. 0 
7.0 
8.0 
9.0 

10.0 

Concentration 
at source 

(mg/1) 

5.40E+OO 
4.92E-02 
8.09E-13 
1.33E-23 
2.19E-34 
3.60E-45 
5.91E-56 
9.72E-67 
1.60E-77 
2.63E-88 
4.32E-99 

OUTDOOR AIR CONCENTRATION 
TPH Aliphatic C6-8 

Time 
(yr) 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7. 0 
8.0 
9.0 

10.0 

Concentration 
Outdoors· 
(mg/m~3) 

2.35E-02 
3.87E-13 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Concentration 
at Water Table 

(mg/1) 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

The maximum concentration occurred at the following time: 
.1 2.15E-01 



SOIL CONCENTRATION AT SOURCE AND WATER TABLE 
TPH Aliphatic C6-8 

Time 
(yr) 

• 0 
1.0 
2.0 
3.0 
4. 0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 

Concentration 
in Source 

(mg/kg) 

8.20E+02 
7.47E+OO 
1.23E-10 
1. 78E-14 
1. 78E-14 
1. 78E-14 
1. 78E-14 
1.78E-14 
1. 78E-14 
1. 78E-14 
1. 78E-14 

Concentration 
at Water Table 

(mg/kg) 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 



Volatilization Losses [kg/yr] 
80-.----·-····------·-·-----··-----·-------···-·-· ···- --··-····--··-·-· ·--·-··········-·· ···---··---

1 

60-t---- -----j------------ --------·----- -·----·-··- ···--···---·----

Volati I ization 
Rate [kg/yr] 40-e------ -~--------------------+-------------

20-e-------1-t---+------- -------------j 

OL---~--~----~--~--~ 
0 2 4 

Years 

6 8 10 

/ TPH Aliphatic C6 8 



Air Cone. 
[mg/ml\3] 

Outdoor Air Concentration [mg/m/\3] 
0. 025-r-·--------- -------- ········-·-···----------- ·····-··· ........... ·--,-·-·-------

0 020-- -----·- ---··------····-·--------- -- ······---···---------i . --····----- ----------

0 01 5. I . . -----+-------------- ---- --·-·-·····---• --.---- -------·- --···- -- --

0. 01 0-1---- -------- --------l--------------------1---

0.005-1------- -1---+-----------------1 

0.000 L----1----4------+----+----; 
0 2 4 

Years 

6 8 10 

/ TPH Aliphatic C6 8 

---------------------------



c 

Soil Concentration in the Vadose Source [mg/kg] 
1 000-r--------------·- : 

I 
l 

-------···--- -----·----------- ··-----···-··--- ···-·-. ------···--------- ----~ 

I 
I 

800- r--·----- -·I - . --------··---------·-·-1---------!------·-··--·-----··-- ----····-·-

I 

600-c--·--·-·--·--- ------------···---- ---~----··-·-·--··--·-------------

400-r---- -------··-··-------·---------T---

200------·---- -------1-------------------+-------

0 L_~l~~-------+------~------~----~ 
0 2 4 

Years 

6 8 10 

/ TPH Aliphatic C6 8 
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