
The highest one hour average concentration occurs in a single hour in a year, the rest of the 

hours in the year have average ground level concentrations that are below the highest, this 

is for 99.99% of the time. Acute hazard indices associated with the 95"^ percentile ground 

level concentrations are 0.018 - 0.14 and indicate no cause for concem. For the majority of 

the year, in fact 95% of the year the hazard indices will be even lower. The 95* percentile 

hazard indices are approximately 8 - 2 4 times less than the hazard index for the highest one 

hour concentration for the 'base case' and 18 - 31 times less for the 'upgrade'. 

From Table 7.1.2 it can be seen that NO2, mercury and arsenic are the greatest contributors 

to the acute hazard index for the highest one hour ground level concentrations of the base 

case, and for the upgrade scenario mercury is the largest contributor. The individual hazard 

quotients for these substances are nonetheless well below unity. 

It is concluded there is little likelihood of an acute adverse effect occurring because: 

• All hazard quotients and hazard indices for all receptor locations, except location 1 

where G L C are most probably over predicted, are less than unity. 

• The highest concentrations are modelled from worst case emission assumptions and 

they will be rarely achieved. 

• The 95*^ percentile acute hazard indices are substantially below unity and 

approximately an order of magnitude less than the 1 hour maximum hazard indices, 

thereby supporting the notion that the latter will be rarely achieved. 

Since the receptor locations were chosen to reflect the worst exposure situations, it is 

unlikely acute health effects will be induced at other locations. This will include people 

travelling across the Alcoa buffer zone to/from the escarpment by car and travelling by train. 
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Table 7.1.2: Contribution of individual hazard quotients to the overall acute 
hazard index for the base case and upgrade scenarios at the 
highest modelled 1 hour ground level concentration. 

Location 1 Location 3 Location 4 Location 7 

1 HQ % HQ % HQ % HQ % 

N02 0.286 25.1 0.184 31.1 0.16 23.7 0.185 31.3 

PIVI2.5 
0.077 6.7 0.031 5.25 0.18 27.4 0.058 9.9 

PM10 0.080 7.0 0.030 5.19 0.035 5.4 0.049 8.2 

Formaldehyde 0.049 4.3 0.020 3.4 0.015 2.4 0.022 3.8 

Mercury 0.28 24.2 0.20 33.3 0.17 25.7 0.14 24.1 

Arsenic 0.26 22.8 0.086 14.6 0.061 9.4 0.068 13.5 

HI 1.14 90.1% 0.59 92.8% 0.65 94% 0.59 90.8% 

NO2 0.289 31.5 0.19 33.8 0.16 32.9 0.19 35.7 

PM2.5 0.058 6.4 0.025 4.5 0.029 6.2 0.049 9.2 

PIVI10 0.060 6.6 0.024 4.2 0.028 6 0.041 7.8 

Formaldehyde 0.051 5.5 0.022 3.9 0.018 3.9 0.023 4.4 

Mercury 0.32 35 0.23 40.5 0.20 40.5 0.17 31.5 

Arsenic 0.043 4.7 0.015 2.7 0.008 1.7 0.0082 1.5 

HI 0.92 89.7% 0.56 89.6% 0.47 91.2 0.53 90.1 
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7.1.2 C h r o n i c 

The chronic hazard indices for the existing plant (base case) and the upgrade are all 

markedly less than unity (Table 7.1.3) indicating the likelihood of health effects from chronic 

exposure to the refinery emissions is unlikely. 

Table 7.1.3: Chronic Hazard indices for Non Carcinogens. 

Base case 
Total Chronic 

HI' 

Upgrade case 
Total Chronic 

Receptor 
Location 1 0.20 0.18 

Receptor 
Location 3 0.11 0.1 

Receptor 
Location 4 0.12 0.11 

Receptor 
Location 7 0.11 0.14 

^ Hazard quotients for each emission component are presented in Appendix 3. 

7.2 Irritation Index. 

The ability of a chemical to cause sensory imtation after an acute exposure to an emission 

can be assessed by comparison of the emitted concentration and an 'irritation threshold'. 

The irritation threshold has been defined (Ruth 1986) as the concentration level where 

irritation begins. However some imtation thresholds record the concentration at which 50% 

of a test panel experience imtation. Sensory irritation response is generally considered to be 

additive or partially additive (Hau 2000). It is noted however, unlike odour, there is little 

empirical data to support the concept of significant additively between irritants. 

Nevertheless, using the assumption that sensory irritation is additive, an irritation index can 

be calculated where: 

Irritation index = Z (concentration substance/irritant threshold) for all components 

The irritation index provides a semi-quantitative evaluation of the likelihood that a mixture of 

substances will be irritating. If the irritation index is substantially less than 1 then the 

emission is unlikely to present an irritation hazard, however if the irritation index is greater 

than 1 then an in-itation hazard may exist that requires further assessment. 
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Appendix 4 details tiie evaluation of the ennission for irritation potential. In summary all of 

the predicted concentrations of individual emission components for which an irritation 

threshold was available were well below their respective irritation threshold. The total 

irritation index for each scenario and location were also below unity (see Table 7.2.1). 

The greatest contributors to the irritation index at each location were formaldehyde and 

benzaldehyde (25% fonmaldehyde and 50% benzaldehyde [Appendices A4.1 & A4.2]). The 

value of the irritation index suggests there is little likelihood that the emissions will cause 

sensory irritation to individuals who may be exposed. It is noted however that for a 

substantial number of emission components an irritation threshold could not be located; 

although this creates some uncertainty regarding the conclusion that sensory irritation is 

unlikely it is considered that for Locations 3, 4 and 7 the irritation index is so low that any 

other compounds that may be moderate to potent irritants (e.g. like the aldehydes) are 

accommodated. 

Table 7.2.1: Irritation Indices for the highest 1 hour average ground level 
concentrations. 
Base Case 

Total Irritation Index^ 
Upgrade Scenario 

Total irritation index' 
Location 1 0.15 0.16 
Location 3 0.057 0.058 
Location 4 0.049 0.053 
Location 7 0.069 0.07 

^ Irritation quotients for each ennission component are presented in Appendix 4. 

7.4 Carcinogenic Risk 

7.4.1 Polyaromatic Hydrocarbons (PAHs).' 

PAHs are genotoxic carcinogens and are assessed in this report by calculating the 

carcinogenic risk associated with the summed congeners using the range of benzo[a]pyrene 

equivalents for each congener as published by the W H O (1998). It should be noted this is a 

conservative approach as there is infomiation to indicate that co-exposure to mixtures of 

PAHs often decreases the carcinogenic potency of the most potent P A H (usually 

benzo[a]pyrene) in the mixture (WHO 1998). 
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Given tlie complexity presented in the different assumptions and experimental approaches 

used to estimate carcinogenic risk of benzo[a]pyrene there are a range of cancer potency 

values (i.e. unit risk values) for benzo[a]pyrene that could be used to calculate cancer risk 

for the Pinjarra refinery (Table 7.4.1). For this risk assessment we have defen-ed to the latest 

value of 8.7 x 10'^ (^g B[a]P ImY quoted by W H O (2000) which represents a value for , 

B[a]P derived from studies in coke-oven workers. 

Table 7.4.1 Range of Unit Risk Factors for Benzo[a]pyrene^ 

W H O 1987, W H O 2000" 8.7x10-^(ugB[a]P/m^)-^ 

W H O 2000= 2x10 - 2 ( ugB [a ]P /mV 

Sloof1989 ' 0.1 ( ngBFa lP /mY 

Muller 1995a,b, 1996' 2.3 X 10-2 (uqB[a]P/m^)-^ 

O E H H A 1999a 1.1 x10-^ (ugB[a ]P /mY 
' Except for WHO (2000) these values are cited in WHO 1998 Environmental 

Health Criteria No. 202 Selected non-Heterocyclic Polycyclic Aromatic 
Hydrocarbons WHO, p 671-672. 

" Based on epidemiological evidence for lung tumours where B[a]P was 
an indicator for air bome PAHs. 
Based on animal data where B[a]P was present as part of a complex mixture. 

The PAH congener profile supplied to Toxikos is provided in Appendix 3.4 (Volume 2), Table 

A3.4.1; in this table the cancer risk calculated by applying the benzo[a]pyrene unit risk factor 

to the total benzo[a]pyrene equivalents of the PAHs emitted at the four receptors in the 

'base case' scenario and the 'upgrade' scenario are presented. A summary of the 

carcinogenic risk attributed to potential exposure to PAHs is in Table 7.4.2 below. The 

carcinogenic risk from airiDorne PAHs are all below the nominated acceptable risk of 1 x 10"^ 

and also less than 1 x lO"^, which is used as an acceptable risk level for public health in 

some other jurisdictions (see Footnote 11). . 
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Table 7.4.2: Summary of calculated cancer risk for 'Base Case' and 'Upgraded 
Scenario' predicted ground level concentrations of benzo[a]pyrene 
equivalents .̂ 

'Base Case' 
B(a)P Equivalence 

Cancer Risk' 

Upgraded Scenario 
B(a)P Equivalence 

Cancer Risk' 
Location 1 

0 .43x10-^ ' 0.43x10"^^ 

Location 3 
0 .12x10^^ 0 .12x10^^ 

Location 4 
0.15x10-°^ 0.15x10-°^ 

Location 7 
0.088 X 10-°^ 0.085x10-°^ 

Calculation of benzo(a)pyrene equivalents and cancer risk for each location is 
detailed in Appendix 3.4. 

Monitoring of V O C s at the Alcoa Pinjarra refinery revealed only the presence of 

naphthalene in emission streams, however monitoring at the Alcoa Wagemp refinery, 

using a different but more applicable analytical method for PAHs , showed other P A H 

compounds to be present in Wagerup emissions. At Wagerup naphthalene was 57.5% of 

the total P A H . Since there are many reasons to believe the fundamental nature and 

composition of the emissions to atmosphere at the Wagerup and Pinjarra refineries. 

including the speciation of compounds, are the same it was assumed the total PAHs 

modelled for the Pinjarra refinery represent only 57.5% of the actual total P A H emitted. 

Potential ground level concentrations for the presumed missing PAHs at Pinjan-a were 

therefore calculated from the relative percentage of naphthalene to the total P A H in the 

Wagerup emissions as follows 

GLCpAH - GLCNaphthalene ^ 
PercentComposit ion PAH 

PercentComposit ion Naphthalene 

Since the resulting carcinogenic risks are below the target acceptable cancer risk adopted 

for this risk assessment it is considered there is not an immediate imperative to measure the 

actual emissions of PAHs from the Pinjarra refinery at this time. This opinion is supported by 

'̂̂  Using US EPA Methods 0030 & 18 (email from K. Hinkiey, Environ on S'" October 2003). 
For Semi-Volatile Organic Compounds (SVOCs) using US EPA Modified Method 5 (email from K. 

Hinkiey Environ on 8'^ October 2003). 
Emails from K. Hinkiey, Environ on 8"" October 2003 and 14"" October 2003. 
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the conservatism embodied with the use of the Ausplunrie model for predicting ground level 

concentrations at Location 1, i.e. at the escarpment. Predicted annual average 

concentrations for arsenic at this location decreased by a third when Calpuff rather than 

Ausplume was used for modelling (see Section 7.4.2). Calpuff is the more appropriate 

model for use at Location 1 (SKM 2003). Modelling of emission constituents other than 

arsenic was not undertaken at Location 1, but it is expected predicted ground level 

concentrations for other components would decrease by a similar amount as for arsenic. 

7.4.2 Total carcinogenic risks. 

The carcinogenic risk associated with the modelled ground level concentrations from the 

Pinjarra facility are presented in Tables 7.4.1 and 7.4.2, and in Appendix 3.3. All 

carcinogenic risks due to individual emission components are less than the nominated 

acceptable risk level, except for arsenic in thei 'baise case' scenario and at only at receptor 

location 1, where it is marginally higher at 1.67 in a million life time excess carcinogenic risk. 

Carcinogenic risks due to individual chemicals in the upgraded scenario are all less than the 

target risk level chosen for this assessment 

Since many of the genotoxic carcinogens in the modelled emissions have the respiratory 

system (nasal epithelium or lung) as target sites of cancer fonnation it is legitimate to sum 

the carcinogenic risk of individual emission components. The sum of all the cancer risks of 

individual chemicals at location 1 in the 'base case' scenario is higher than the target risk 

level (Table 7.4.1) due to arsenic. Arsenic accounts for approximately 63% of the calculated 

carcinogenic risk with nickel, acetaldehyde, benzene and PAHs each contributing 

approximately 5%, 6%, 9% and 16% respectively. 

As with all dispersion modelling of industrial emissions, there is an inherent level of 

uncertainty in predicting ground level concentrations, especially when the sources of 

emissions are diffuse, not readily quantified and there is an area of unusual terrain within the 

modelled domain. It is known the Ausplume model tends to over predict ground level 

concentrations when features such as escarpments create meteorological 

microenvironments. To obtain an indication of the influence that choice of dispersion model 

may have on the ground level concentrations near the escarpment the Calpuff model. 

Email from K. Hinkiey, Environ on 24'" October 2003. 
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. arguably more suited to cope with the terrain, was also used to predict ground level 

concentrations of arsenic at Locations 1 and 12 (SKM 2003). It was found the predicted 

ground level concentrations of arsenic decreased by approximately a third at each Location 

1 and approximately by 50% at Location 12 (Table 7.4.3). The influence that this has on the 

overall carcinogenic risk at Location 1 is shown in Tables 7.4.1 and 7.4.2 for the 'base case ' 

scenario and 'upgrade' scenarios respectively. Total carcinogenic risk decreased. Although 

other components of the emissions from the refinery were not modelled it is anticipated 

similar decreases in predicted ground level concentrations would occur, thus lowering the 

overall cancer risk associated with potential exposure to the emissions at this site. 

Table 7.4.1: Cancer risks associated with Base Case emissions. 

Substance Cancer Risk Cancer Risk Cancer Risk Cancer Risk 
RL1 R L 3 R L 4 RL7 

Acetaldehyde 0.17x10-^ 5 . 0 4 x 1 0 ^ 6.89x10"^ 4 . 7 8 x 1 0 ^ 
Benzene 0.23x10"^ 7.74x10"^ 9 . 3 0 x 1 0 ^ 5.90x10-** 
PAHs 0.43x10-^ 1 .19x10- ' 1 .52x10" ' 8.79 X 10^ 
Arsenic 3 .80x10" ' 4 . 01x10 " ' 3 . 00x10 - ' 

Cadmium 4.50x10-^ 1.03x10-^ 1.08x10"*' 7.92x10"^ 
Nickel 0 . 1 3 x 1 0 ^ 3 . 4 0 x 1 0 ^ 4.64X 10"^ 2.88 X 10^ 
Vinyl Chloride 8.00x10 -^2 2.39x10 -^2 3.82x10- ' " 1.74x10"'2 

TOTAL j 0 . 6 7 x 1 0 ^ 0.77x10-* 0 .53x10" ' 

] (1.56x10-^) M 
^ Ground level concentrations near the escarpment, I.e. at Location 1, are over predicted by 
Ausplume, risks associated with ground level concentrations of arsenic predicted by Calpuff (a more 
appropriate model for the terrain) are in brackets. 

Table 7.4.2: Cancer risks associated with Upgrade Scenario emissions. 

Substance Cancer R i sk Cancer Risk Cancer Risk Cancer Risk 
RL1 R L 3 R L 4 RL7 

Acetaldehyde 0.13 x 10"^ 3 . 6 6 x 1 0 ^ &.00X 10"^ 3.83x10"* 
Benzene 1.84x10"^ 5.41 X 10-' 7 .38x10" ' 6 .54x10" ' 
PAHs 1.10x10"** 3 .19x10 - ' 4 . 35x10 " ' 3.34 X 10"' 
Arsenic 0.35x10"^ 

(0.12x10"^)^ 
7.50x10"** 9.00x10"* 7 . 5 0 x 1 0 ^ 

Cadmium 9.13 X 10"^ 2.25x10-^ 2.41 X 10"' 1 .82x10" ' 
Nickel 2.52 X 10-" 6 .35x10" ' 8 .02x10- ' 5 .36x10 - ' 
Vinyl Chloride 8.69x10-^2 2.36x10 - '2 3.00x10"'2 1.70x10-^2 

TOTAL 0.54 X 10-* 0.13x10"* 0 . 1 6 x 1 0 ^ 0.13x10-* 
(0.31 X 10-*)^ 

^ Ground level concentrations near the escarpment, i.e. at Location 1, are over predicted by 
Ausplume, risks associated with ground level concentrations of arsenic predicted by Calpuff (a more 
appropriate model for the terrain) are in brackets. 

5 
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In the upgrade scenario the total cancer risk at Location 1 is less than the target risk level of 

1x10 " * when either the Ausplume or Calpuff models are applied to predict ground level 

concentrations (Table 7.4.2). 

Table 7.4.3: Influence of model on predicted ground level concentrations ^ at 
locations near the escarpment (pg/m^). 

Emission Scenario Location Ausplume 
model 

Calpuff 
model 

'Base case' 1 0.00111 0.00037 'Base case' 
12 0.00086 0.000465 

'Upgrade' 1 0.00023 0.0000796 'Upgrade' 
12 0.00020 0.000092 

^ Data provided by K. Hinkiey, Environ in email 24* October 2003. 

7.5 Dioxins 

Whether modelled as a gas or particulates the predicted annual average ground level 

concentration for dioxins showed little variation; the predicted ground level concentrations 

being between 1.4x 1 0 " t o 8.6x 10 ' " pg TEQ/m^ (Appendix5); i.e. 1.4x 10-^to 8.6x 10"* 

pg TEQ/m*. In this risk assessment Toxikos has used the highest of any of the 

concentrations that occurred by either modelling method and at any of the modelled receptor 

locations. This was at location 1 for the 'upgrade' scenario. It is noted however there is 

virtually no difference between the 'base case' and the 'upgrade' scenarios since at Location 

1 the highest predicted ground level concentrations were 8.1 x lO^^pg TEQ/m^ and 8.6 x 10"* 

pg TEQ/m^ respectively. 

Dioxins have long biological half lives (approx 7 - 1 0 yrs, N H M R C 2002) and it takes 

approximately 30 - 40 years for steady state body burdens to be achieved. To emphasise 

the relatively long time frames required for exposure to dioxin like substances before effects 

are likely to occur the Australian N H M R C / T G A recommend '* (NHMRC 2002) a monthly 

tolerable intake of 70 pg TEQ/kg bw; this is instead of the more common Tolerable Daily 

The TGA recommendation for a tolerable monthly intake of dioxin-like substances for Australians is 
based on deliberations of the WHO (1998), EC-SCF(2001) and JECFA (2001) and was endorsed by 
the NHMRC on 24*" October 2002. The guideline was established through the NHMRC process to 
ensure national acceptability. The report upon which the guideline is based underwent public 
consultation processes and was subject to external review before finalisation. This health reference 
value for dioxin-like substances is the appropriate value for use in risk assessments for Australia. 
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Intakes recommended for most other substances. There are no official estimates for 

background intake of dioxin like substances for Australians; as discussed in Section 4.7, a 

background dioxin intake of 1.4 pg TEQ/kg bw/d from NZ data has been used. This daily 

estimate is likely to be an overestimate since breast milk concentrations for Australian 

women, an indication of body burden are approximately 20% lower than for NZ women (Van 

Leeuwen and Malisch 2002). 

Hence monthly background intake = MBI 
= Daily Background Intake x 30 
= 1.4 pg/kg bw/d based on NZ data x 30d 
= 42 pg l-TEQ/kg Id. 

The average amount of air breathed per day by a 70 kg adult is 20 m^, therefore at the 

highest ground level concentration of 8.6 x 10'^ pg TEQ/m^ and assuming 100% absorption 

across the lungs, the monthly dose of absorbed dioxin is: 

8.6 x 10"* pg TEQ/m^ x (20m^/d x 30d)] ^ 70kg 

= 7.4 x l O ^ ' p g TEQ/kg bw. 

= 0.00074 pg TEQ/kg bw 

Thus the dioxin dose from direct inhalation is 0.002% of background intake and is therefore 

a negligible contributor to total dioxin intake and body burden. 

It is noted the toxic equivalency factors used for calculating the T C D D TEQ equivalency of 

the dioxin content of Pinjarra emissions were NATO values and not WHOgs values. Toxikos 

was unable to convert the data because the conger profile had not been provided. 

Nevertheless it is not expected that the use of WHOga values will change the outcome of the 

assessment. 

7.6 Ground Level Concentrations and "Air Toxics" 

In May 2003 the National Environment Protection Council (NEPC) released a draft National 

Environment Protection (Air Toxics) Measure (NEPM) for public consultation Toxikos has 

been requested to compare the predicted ground level concentrations at the Locations 

around the Pinjarra refinery with this draft N E P M . it is noted the public consultation phase 

National Environmental Protection (Air Toxics) Measure. Draft NEPM for Public Consultation May 
2003 http://www.ephc.gov.au/nepms/air/air toxics.html 
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for this NEPI\/I has not been completed and the N E P M not finalised, it is highly likely the 

"investigation values" in the N E P M will change. In addition the "investigation levels" of the 

N E P M and the averaging times to which they apply are not health guidelines intended to be 

used for assessing health impacts of the 'air toxics'; the N E P M values are intended to be 

used as measurement references for the jurisdictions while they gather data over the next 

eight years. Nevertheless a comparison is presented for Location 1 in Table 7.6.1; it can be 

seen that the predicted ground level concentrations are substantially below the draft N E P M 

investigation levels. Location 1 has the highest predicted ground level concentrations. 

Table 7.6.1: Comparison of predicted ground level concentrations at receptor 
location 1 with the draft 'investigation guidelines of the 'Air Toxics NEPM. 

Compound 
Draft NEPM 

"investigation 
level". 

Averaging 
period 

Predict 
(Mg 

ed GLC 
Compound 

Draft NEPM 
"investigation 

level". 
Averaging 

period 
'Base case' "Upgrade' 

Benzene 0.003 ppm 
(9.6 pg/m^) 

Annual 
average 

0.038 0.0031 

Benzo(CT)pyrene 
as marker for 
P A H 

0.3 ng/m^ 
(0.0003 pg/m^) 

Annual 
average 0.0000049' 0.000005' 

Formaldehyde 0.015 ppm 
( ISpg /m" ) ' 

24 hours 
4.87^= (0.68)^ 5.06'= (0.72)'' 

Toluene 2 ppm 
(7,530 pg/m^)" 

24 hours 
21"= (1.98)'^ 8.62'' (0.89)" 

Xylenes 0.2 ppm 
(868 pg/m^)" 

24 hours 
4.8= (0.48)'' 3.93'= (0.40)" 

^ Benzo(a)pyrene was not detected in emissions, total B(CT)P equivalents for the summed PAHs are 
presented in the table. 

Conversion from ppm to jjg/m^ has been done assuming normal temperature and pressure (NTP: 
25°C and 760 torr) by the equation pg/m^ = (ppm x MW x 10^)/(24.45). 

Maximum one hour average ground level concentration (from spread sheet 
"modei_results_summary_final" supplied by Environ). 

Maximum 24 hour average from modelled maximum emissions (from spread sheet 
"model_results_summary_final" supplied by Environ). 

8 Uncertainties. 

In assessing the potential risks associated with assumed exposure to emissions from the 

Pinjarra refinery uncertainties associated with the assessment need to be considered. The 

risk assessment process involves a number of steps (e.g. exposure assessment, toxicity 

assessment and risk characterisation), each of which incorporates the use of assumptions 

and simplifications. Without such assumptions and simplifications it would not be possible to 
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quantitatively evaluate the potential for health effects. Although uncertainties in the risk 

assessment may influence its accuracy, reliability and interpretation, the assumptions used 

herein to cope with the uncertainties en- on the side of safety and therefore tend to over 

predict the risks. 

A general qualitative discussion of the major uncertainties associated with the risk 

assessmerif is provided in this section. For this risk assessment the uncertainties fall into the 

following major categories. 

• Exposure estimation, 

• Receptor specific, 

• Contaminant specific. 

Elsewhere in the report, when particular risks, chemical classes or health endpoints are 

discussed/assessed, additional specific discussion of the uncertainty is provided. Table 8.1 

presents a listing of the major areas of uncertainty and the potential effect on the 

assessment of health risks calculated in this report. 

Table 8.1: Uncertainties in the risk assessment and potential effect on HRA 
outcome. 

Uncertainty/Assumption Comment Effect on Risk Assessment 

Exposure Estimation 

Identification & quantification 
of emissions. 

Some emission components 
may not have been identified or 
quantitated. 

it is unlikely significant emission 
points or components have 
been overlooked. Emissions 
from the Alcoa Wagerup 
refinery have been extensively 
characterised and this 
knowledge has been 
transferred to Pinjarra. 
Analytical techniques have the 
capability of measuring a 
multitude of VOCs but only 
relatively few have been 
detected. However some 
emissions at Pinjan-a have not 
been extensively investigated, 
to compensate data from 
Wagerup has been adapted 
(e.g. PAHs, Section 7.4.1). 

It is possible the extent of 
emissions has been 
underestimated. However the 
likelihood is minimal & the 
impact on the risk calculations 
minimal since any 'missing' 
emission components will be 
minor constituents and 
predicted GLCs below the 
CoNTC. 
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Uncertainty/Assumption Comment Effect on Risic Assessment 

Prediction of GLCs. 

Use of dispersion modelling to 
predict ground level 
concentrations. 

Variability in emission levels. 

Bacl<ground Exposures 

In some situations background 
intakes of pollutants may 
contribute significantly to overall 
exposure. 

Modelling techniques contain 
inherent uncertainty. To 
compensate maximum as well 
as 95*" percentile GLCs are 
used in the HRA. Where there 
was a choice of GLC from 
differing modelling 
assumptions, the highest GLC 
has been used. 

Inherent variability in refinery 
emissions is linked to variability 
in process throughput, this has 
been compensated by using 
peak, not average, production 
volumes to predict GLCs for 
evaluation of acute health 
effects. 

Background exposures for the 
majority of emission 
components are unknown but 
likely to be tiny (Section 4.7). 
Conservative background 
intake of dioxin like compounds 
is assumed. 

The difference between the 
maximum & 95*" percentile 
hazard indices is more than an 
order of magnitude. However 
even use of maximum predicted 
GLCs shows little likelihood of 
adverse health effects. The 
uncertainty in modelling is 
biased towards overestimation 
of GLCs, as shown by use of an 
altemate model for Location 1 
(Section 7.4.2). 

GLCs are over estimated and 
hence the risk calculations 
conservative i.e. err on the side 
of safety. 

Impact of background on acute 
& chronic risk estimates is 
minimal. Total intake of dioxin 
like substances is over 
calculated; nevertheless 
adverse health effects are 
unlikely (Section 7.5). 

Receptor Uncertainty 

Receptors within the dispersion 
zone have not been 
characterised with respect to 
demographics or susceptible 
traits. 

It is not usual to characterise 
the exposed population in a 
HRA of this nature. The use of 
public health air guidelines 
established to account for the 
variability in human response 
largely compensates for the 
lack of receptor 
characterisation. Nevertheless 
the potential presence of 
unusually responsive 
individuals is not known, and is 
unable to be known with 
certainty using standard 
demographic survey 
techniques. 

Impact on the conclusions of 
the HRA is minimal. However it 
is recognised there may be a 
very small, unlikely, possibility 
of an adverse health reaction if 
unusually sensitive individuals 
are exposed. This is no different 
than any other public health 
assessment using regulatory 
guideline values. 
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Uncertainty/Assumption Comment Effect on Risk Assessmen 

Contaminant Uncertainty 

Defining toxicological 
potency of emission 
components. 

Dose response relationships. 

Health guideline values 

Components of unknown toxicity. 

Interactive health effects 
between emission components. 

Dose response relationships of 
individual emission components 
have not been evaluated. The 
HRA relies on regulatory 
guidelines established to 
protect public health. While 
summary information regarding 
NOELs and safety factors is 
provided (Appendix 2) an 
assessment of the whether the 
guideline specificaily considers 
sensitive subgroups has not 
been done. 

Calculation of risk is very 
sensitive to the numerical value 
of the health guideline 
reference values. These are 
subject to science policy 
judgments of various regulatory 
regimes and are influenced by 
the legislative arenas. For 
these reasons, wherever 
possible Australian accepted 
data has been employed in the 
calculations in this report as 
recommended by enHealth 
(2002). 

There are a large number of 
emission components for which 
no regulatory guideline exists. 
For substance with very low 
GLCs the CoNTC has been 
established. The toxicological 
potency of other substances is 
unknown, however the mere 
fact a guideline does not exist 
suggests these substances are 
not of high toxicological 
potency. 

Regardless of effect or mode of 
oxicological action additivity of 
either dose or effect is assumed 
to occur between emission 
components. See Section 4.6. 

It is possible health guideline 
values used to characterise risk 
may not be protective of 
sensitive sub-groups in the 
exposed population. However 
given the large margins of 
safety between the NOEL and 
guideline for the majority of 
emission components it is 
unlikely the guidelines used will 
not protect all or nearly all 
individuals. 

Where ever possible Australian 
or WHO guideline values have 
been adopted. However values 
from other regulatory regimes 
have been used, but only if they 
are regarded being competent 
& the aim of the guideline is 
protection of public health (e.g. 
cai EPA, US EPA, RIVM). It is 
unlikely the HRA 
underestimates risk due to the 
use of an inappropriate 
guideline. 

The HRA captures the vast 
majority of the mass of 
emissions from the refinery. 
This uncertainty has the 
potential to cause an 
underestimation!of the 
calculated risk; however it is 
unlikely a substance of high 
toxicoiogical potency has been 
overlooked. See also Section 
4.5 and Addendum 1. 

This practice causes the HRA to 
overestimate the risks to 
combined exposure to emission 
components, it compensates for 
those components of unknown 
toxicity. 

Page 41 of 54 TR121003-RJF 



9 References. 

C F R (2001). United States Code of Federal Regulations 170.39 Threshold of regulation for 
substances used in food-contact articles, 21 C F R 170.39 US Government Printing Office 
page 17-20. 

E C (2003). European Commission Health & Consumer Protection Directorate-General 
Directorate D - Food Safety: production and distribution chain D3 - Chemical and physical 
risks; surveillance Food Contact Materials Practical Guide, Updated to 15 April 2003. 

E C - S C F (2001) Opinion of the Scientific Committee on Food and on the Risk Assessment of 
Dioxins and Dioxin-Like P C B s in Food. (Update based on new scientific information 
available since the adoption of the S C F Opinion of 22"" November 2000). European 
Commission, Brussels, Belgium. Document CS/CNTM/DIOXIN/20 final. Adopted on 30 
May 2001. 

enHealth (2002). Environmental Health Risk Assessment - Guidelines for assessing human 
health risks from environmental hazards. Department of health and Ageing, and enHealth 
Council, Commonwealth of Australia. 

Environ (2003). Air Quality Data for the Environmental Protection Statement - Pinjarra ? 
Efficiency Upgrade. 

Hau, K.M., Connell, D.W. and Richardson, B.J . (2000). Use of partition models to evaluate 
guidelines for mixtures of volatile organic compounds. Regul Toxicol Pharmacol 32: 36-41. 

J E C F A (2001) 57*^ J E C F A Meeting, Rome, 5-14 June 2001: Summary and Conclusions, 
Annex 4, p24-40 and J E C F A (2002) Polychlorinated Dibenzodioxins, Polychlorinated 
Dibenzofurans, and Coplanar Polychlorinated Biphenyls in P451-629 in W H O Food 
Additives Series 48, Safety evaluation of certain food additives and contaminants. Prepared 
by the 57 * meeting of the Joint FAQ/WHO Expert Committee on Food Additives (JECFA). 

Liepio, R.G. and Meek, M.E. (2002). Inhaled fomialdehyde: Exposure estimation, hazard 
characterisation, and exposure-response analysis. J . Toxicol. Environ Health Part B 6:85 -
114. 

Muller, P., Leece, B. and Raha, D. (1995a) Estimated risk of cancer from exposure to P A H 
fractions of complex mistures. In: Fifteenth international symposium on polycyclic aromatic 
compounds: Chemistry, biology and environmental impact, Blegirate, Italy, 19-22 
September 1995. Ispra, Joint Research Centre European Commission, PI 59-160 as quoted 
in WHO (1998). Environmental Health Criteria 202: Selected non-Heterocyclic Polycyclic 
Aromatic Hydrocarbons. Intemational Programme on Chemical Safety, World Health 
Organisation, Geneva. 

Muller, P., Leece, B. and Raha, D. (1995b) Dose-response assessment P A H . Ottawa, 
Ontario Ministry of the Environment and Energy,197p, as quoted in WHO (1998). 
Environmental Health Criteria 202: Selected non-Heterocyclic Polycyclic Aromatic 
Hydrocarbons. International Programme on Chemical Safety, World Health Organisation, 
Geneva. 

P a g e 4 2 o f 54 TR121003-RJF 



Muller P., Leece, B. and Raha, D. (1996) Scientific criteria document for multimedia 
environmental standards development: Polycyclic aromatic hydrocarbons (PAH). Part 1. 
Dose Response assessment. Ottawa, Ontario Ministry of the Environment and Energy, 203 
p, as quoted in WfHO (1998). Environmental Health Criteria 202: Selected non-Heterocyclic 
Polycyclic Aromatic Hydrocarbons. International Programme on Chemical Safety, World 
Health Organisation, Geneva. 

N E P M (1999). Schedule B(4) Guideline on Health Risk Assessment Methodology. National 
Environment Protection (Assessment of Site Contamination) Measure, National Environment 
Protection Council. 

N H M R C (2002). Dioxins: Recommendation for a Tolerable Monthly Intake for Australians. 
National Health and Medical Research Council, Commonwealth of Australia. 

NZ MfE (1997). Chapter 5 Soil Acceptance Criteria, In "Health and Environmental 
Guidelines for Selected Timber Treatment Chemicals". New Zealand Ministry for the 
Environment Publication Reference; ME240. 
http://www.mfe.qovt.nz/publications/hazardous/timber-quide-iun97/ (accessed October 

. 2003). 

NZ MfE (1998). Concentrations of P C D D s , P C D F s and P C B s in retail foods and an 
assessment of dietary intake for New Zealanders. Authors Buckland, S .J . , Scobie, S. and 
Heslop, v., Organochlorines Programme, New Zealand Ministry for the Environment 

NZ MfE (1999). Guideline for Assessing and Managing Petroleum ydrocarijon Contaminated 
Sites in New Zealand. User's Guide. New Zealand Ministry for the Environment, August 
1999. ISBN o 478 09065 X . 

NZ MoH (2000). Drinking Water Standards for New Zealand. New Zealand Ministry of 
Health, ISBN 0-478-23904. 

Ruth, J .H . (1986). Odor Thresholds and Irritation Levels of Several ChemicalSubstances, A 
review. A m Ind Hyg Assoc J 47, A142-A151. 

S K M 2003. Pinjarra Efficiency Upgrade - Air Dispersion Modelling. Sinclair Knight Mertz 
report to Alcoa Worid Alumina - Australia October, 2003. L 

Slooff, W., Janus, J.A., Matthijsen, A . J . C . M . et al (1989) Integrated criteria document on 
P A H S (Report No. 758474011). Bilthoven, National Institute of Public Health and 
Environmental Protection, P I 5-36 as quoted in WHO (1998). Environmental Health Criteria 
202: Selected non-Heterocyclic Polycyclic Aromatic Hydrocarbons. International Programme 
on Chemical Safety, World Health Organisation, Geneva. 

Smith, A . H . and Lopipero, P. (2001). Evaluation of the toxicity of dioxins and dioxin-like 
P C B s : A health risk appraisal for the New Zealand population. Ministry for the Environment, 
Wellington, New Zealand. ISBN 0-478-09091-9. 
http://www.mfe.qovt.nz/publications/hazardous/dioxin-evaiuation-feb01.html 

T G A (2001). Dioxins: Proposal for Setting an Australian Tolerable Daily Intake. Department 
of Health and Aged Care, Therapeutic Goods Administration, Canberra. November 2001. 
(Available from www.health.qov.au/tqa/new.htm). 

Page 43 of 54 TR121003-RJF 



us E P A (1989). Risk Assessment Guidance for Superfund (RAGS) Part A , Chapter 6. 
Exposure Assessment. Office of Emergency and Remedial Response, US Environmental 
Protection agency, Washington, D C . EPA/540/1-89/002. 

U S E P A (1999). Screening level risk assessment protocol for hazardous waste combustion 
facilities. Peer Review Draft, E P A 530-D-99-001 A. 

Van Leeuwen, F.X.R. and Malisch, R. (2002). Results of the third round of the W H O -
coordinated exposure study on the levels of P C B s , P C D D s and P C D F s in human milk. 
Organohalogen Compounds 56: 311- 316. 

W A E P A (2000). Guidance Statement for Risk Assessment and Management: Off-Site 
Individual Risk from Hazardous Industrial Plant No.2., July 2000, Westem Australia 
Environmental Protection Authority. 

W H O (1987) Polynuclear aromatic hydrocarbons (PAH). In: Air quality guidelines for 
Europe. Copenhagen, Regional Office for Europe, 105-117 (WHO Regional Publications, 
European Series, No. 23) as quoted in WIHO (1998). EnvironmentalHealth Criteria 202: 
Selected non-Heterocyclic Polycyclic Aromatic Hydrocarbons. Intemational Programme on 
Chemical Safety, World Health Organisation, Geneva. 

W H O (1998). Assessment of the Health Risk of Dioxins: Re-evaluation of the Tolerable Daily 
Intake (TDI). Executive Summary, W H O Consultation, May 25-29,1998, Geneva. World 
Health Organisation. 

W H O (1998). Environmental Health Criteria 202: Selected non-Heterocyclic Polycyclic 
Aromatic Hydrocarbons. International Programme on Chemical Safety, World Health 
Organisation, Geneva. 

W H O (2000). Air Quality Guidelines for Europe 2"" Edition W H O Regional Publications 
European Series No 91. 

Page 44 of 54 TR121003-RJF 



10 Addendum 1: Derivation of the Concentration of No 
Toxicological Concern (CoNTC). 

9.1 Introduction and background. 

The concentration of no toxicological concem (CoNTC) is developed from the notion that 

very low levels of chemicals in air are intuitively, and according to common sense not of a 

health concern. In addition on the basis of classical pharmacological and toxicological 

concepts of dose response, scientific opinion has long held the view that exposure to trace 

levels of chemicals represents at most, a trivial risk. However in the past it has been difficult 

to detemnine the concentration at which it is possible to objectively state a health impact is 

very unlikely, i.e. there is trivial risk, without conducting a fomnal risk assessment on the 

substance. This is problematical for compounds which have no air quality criteria assigned, 

for which regulatory agencies have not derived estimates of toxic potency, or for compounds 

that do not have sufficient toxicological infomnation upon which a guideline value can be 

based. In addition it is impractical to develop guideline values for all minor components 

present in industrial emissions even if the data were available to do so. 

There is regulatory precedence for being able to legitimately regard small exposures to 

chemicals of known toxicological potency as being of potential health concern; this is the 

reason why standards protective of public health are created, the standards are based upon 

the concentration or dose of chemical that is without adverse health effect. In this case 

'small ' is regarded as being less than the guideline criteria. 

There is also precedence for legitimately discounting very small exposures to chemicals with 

no health guideline and/or of unknown toxicological potency as being of no health impact 

and therefore of no concern. The concept a generic threshold intake for toxicity is used by 

the U S Food and Drug Administration (FDA) and the European Commission (EC) to decide 

when they should consider the need for health risk assessments and/or possible regulatory 

action for contaminants in food. Although muted for many years as a pragmatic solution for 

addressing low concentrations of additives in food (Munro 1990, 1996; Frawley 1967), the 

concept was first developed in a regulatory sense by the U S FDA (1995, C F R 2001), and 

has been adopted the European Commission (EC 2003), to address chemicals migrating 

from plastic packaging into food. The concept has also been adapted by Wilson et al (2000) 
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for derivation of soil risk management criteria for chemicals of unknown toxicological hazard 

and/or potency at contaminated sites and is applied by the Joint FAO/WHO Expert 

Committee on Food Additives (JECFA) to evaluate flavouring substances (Munro et al 1999, 

W H O 1996). 

There are direct parallels between the risk assessment issues of low concentrations of 

substances in food and soil, whose potential for causing health effects is unknown, with 

minor components of industrial emissions whose toxicological profile is also unknown but 

nonetheless after dispersion may be present in the breathing zone of an individual at very 

low concentrations. But what is a low concentration? The notion of a 'Concentration of No 

Toxicological Concern' (CoNTC) for airborne chemicals is developed herein as a screening 

toolfor inclusion, or not, of minor components of emissions in the direct inhalation exposure 

pathway for the health risk assessments of industrial emissions. It is applied to those air 

emission components which have very low ground level concentrations. In this risk 

assessment the concept has not been applied to the evaluation of imtancy potential of 

emissions or to the assessment of risk from genotoxic carcinogens. These substances have 

been included in the formal risk assessment regardless of whether their predicted ground 

level concentration is less than the CoNTC. 

The C o N T C has been developed by: 

• considering the US FDA intake level of no toxicological or regulatory concern, 

• apportioning a fraction of the generic intake of no concem to intake by inhalation, 

• the amount of air breathed by an individual during various life stages, and 

• the ensuing intake of a substance assuming 100% absorption across the lungs. 

9.2 The US FDA Regulatory Level of No Concem. 

After analysing the toxicological data on hundreds of carcinogenic and non-carcinogenic 

substances, the US FDA (1995, C F R 2001) and other leading researchers (Munro et al 

1996, 2002) have concluded that, if no toxicological data is available on a chemical, intakes 

of 1.5 pg/person/d, equivalent to 0.00002 mg/kg bw/d (0.02 pg/kg bw/d for a lifetime average 

body weight of 70 kg) are unlikely to result in appreciable health risk even if the substance 

was later found to be a carcinogen. The derivation of this threshold is based on an analysis 

of a Carcinogenic Potency Data Base for 500 carcinogens tested in 3,500 experiments. The 
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distribution of the chronic dose rates to be able to induce tumours in half the test animals 

was calculated and transformed to a distribution of exposure corresponding to a risk of 1 x 

As a result the FDA indicated that at an intake of 1.5 pg/person/d the carcinogenic risk 

is so negligible that it is not expected to present a health concem (FDA 1995). 

In relation to establishing the threshold of toxicological concern, an evaluation of 

toxicological databases has also been undertaken for non-carcinogenic endpoints (Munro et 

al 1996, 1999, Kroes et al 2000). In these evaluations some 900 non-carcinogenic organic 

chemicals were assigned to three 'classes' based on their chemical structure, presence of 

structural alerts for toxicity and known metabolic pathways. In Class ! are substances of 

simple chemical structure with known metabolic pathways and innocuous end products 

which suggest a low order of toxicity. Class II contain structures that are intennediate, they 

are chemicals that are less innocuous, they may contain reactive functional groups but do 

not contain the structural features suggestive of toxicity. Chemicals were placed in Class III 

if their structural features and/or likely metabolic pathways permit no strong presumption of 

safety, or may even suggest significant toxicity. The 5 * percentile NOEL of these 'classes' 

were divided by a safety factor of 100 to yield threshold of toxicity values that are somewhat 

higher than that created by the US FDA for carcinogens (see Table A1). 

The threshold of toxicity concept was reviewed by the E C Scientific Committee for Food 

(SCF 1996) who questioned whether neurotoxic, developmental, immunotoxic, allergic 

reactions or endocrine activities could occur at low dose levels. The Intemational Life 

Sciences Institute (ILSI) Europe initiated an expert group to compile and evaluate the 

available literature for these endpoints and to explore whether there are reasons to assume 

such endpoints may have thresholds below the proposed generic threshold of 0.02 pg/kg/d 

(Kroes et al 2000). It was found the thresholds for these endpoints were similar to that of the 

Class ill compounds of Munro et al (1996,1999) or, in the case of neurotoxicity slightly more 

sensitive. The latter was driven by the organic phosphate esters and the inhibition of 

cholinesterase. Although on relatively limited data, it was concluded that immunotoxicity was 

not a more sensitive end point than other endpoints. Thus all these potential health effects 

are accommodated by the generic threshold of toxicity level of 0.02 pg/kg/d established by 

the FDA for carcinogens. It was concluded by the expert group that intake at or below this 

level provides adequate safety assurance. 

Thus for non- carcinogenic compounds without structural alerts for genotoxicity or 

mutagenicity higher thresholds of toxicoiogical concern may be developed (Table A l , Kroes 
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and Kozianowski 2002). However in this risk assessment a distinction between compounds 

based on chemical structure has not been invoked and the generic threshold of toxicity from 

the U S FDA analysis of the carcinogenicity potency data base has been used as the starting 

point for derivation of the CoNTC. 

Table A1: Thresholds of toxicological concern for chemical 'Classes' and 
certain toxicological endpoints. 

Chemical Class/ 
Toxicological endpoint 

5"̂  Percentile 
NOEL (mg/kg/d) 

Intake for human 
toxicological 
threshold ' 
(ug/kg/d) 

Reference 

Stcuctural Class 1 3 30 Munro et al 1996, 1999 

Structural Class II 0.91 9 Munro etal 1996,1999 

Structural Class III" 0.15 0.15 Munro etal 1996,1999 

Developmental toxicity 2,076 21 Kroes et al 2000 
Kroes & Kozianowski 
2002 

Neurotoxicity I S ' ' 0.18 Kroes et al 2000 
Kroes & Kozianowski 
2002 

Genotoxic 
carcinogenicity 

5" percentile 
associated with 10"® 

carcinogenic risk 

0.02 US FDA 1995 
CFR 2001 . 1 

^ Calculated by dividing the 5* percentile NOEL by a safety factor of 100. 
''substances whose structure or presumed metabolism permit no strong presumption of safety, or 
even suggest significant toxicity. 

This NOEL is driven by inhibition of cholinesterase by phosphate esters. 

9.3 Calculation of the Concentration of No Toxicological Concem (CoNTC). 

The concentration of no toxicological concem (CoNTC) is established from the US FDA 

threshold of toxicity for carcinogens (0.02 pg/kg/d) by assuming 100% absorption across the 

lungs and an average lifetime daily breathing rate calculated from anthropogenic data for 

each life stage (Table AA2). 

Page 48 of 54 TR121003-RJF 



Table AA2: Dally respiratory rates for time spent outdoors and indoors. 

Age 

(years) 

Outdoors 

light activity 

Hr/d mv m /̂d 

Indoors lying 

Hr/d mv m /̂d 

Indoors sitting/ 

standing/walking 

Hr/d mv m'/d 

Total age 
weighted 
volume of 
air 

breathed, 

m'/d 

Time 
weighted 
body 
weight 

0-1 0 0 16 1.5 1.44 8 4.2 2.02 3.5 8 

2 - 5 5 10.5 3.15 10 6.19 3.71 9 6.7 3.22 10.1 15.4 

6 - 1 5 5 14 4.2 8 7.51 3.6 11 8.5 5.61 13.4 32.4 

16 -70° 6.85 24 9.86 8 8.93 4.28 9.15 10.6 5.82 20 70 

' Inhalation rate (IR x)( m /̂d) = exposure frequency(Er') (hours/d) x minute volume (mv) (LVmin) x 60 min 
/1000 during activity. Minute volumes were obtained from Langley (1996) for the activities described in the above 
table. 

Assumed these individuals are outside woricing for a maximum of 8 hrs per day 6 days per week = 48 
hours/week, i.e. average of 6.85 hrs/d. 

Average lifetime daily intake of substance (ADI) (pg/kg/d) for each life stage 

= Ca (iJg/m") X IR (m^/d) x ED (yr) x E F (d/yr)/BW (kg) x L (d) Equation 1 

Where Ca = Air concentration of substance (pg/m^). 
IR = Inhalation rate (nn%), see above Table. 
ED = Exposure duration = life stage interval (yr). 
EF = Exposure frequency (d/yr), assumed to be al! day every day per year, i.e. 365. 
L = Lifetime (70 X 365d). 

Time weighted average daily intake (TWADI) for a lifetime (0 - 70 yrs). 

TWADI (0-70) = TWADI (o.i) + TWADI (2^) + TWADI (6.15) + TWADI (I6.70) 
Substituting specific life stage parameters from Table AA1 into Equation 1 : 

TWADI (0-1) = Ca X 3.5 X 1 X 365/8 X 70 X 365 = 0.00625 
TWADI (2-5)= Ca X 10.1 X 4 X 365/15.4 X 70 X 365 = 0.035 
TWADI (6 _ 15) = Ca X 13.4 X 10 X 365/32.4 x 70 x 365 = 0.059 
TWADI (16-70) = Ca X 20 X 55 x 365/70 x 70 x 365 = 0.224 

TWADI (0.70) = 0 .0063Ca + 0 .035Ca + 0 .059Ca + 0.224Ca 
= 0 .324Ca 

TWADI(0-70) = 0.324(m^/d.kg') x C ^ (pg/m^) .Equation 2 

The regulatory intake of no concern is a daily Intake of 0.02 pg/kg over a lifetime (see 

Section 9.2); if 50% of this is apportioned to air then the average daily intake allowed from 

air is 0.02 x 0.5 = 0.01 pg/kg/d. 
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Substituting 0.01 |jg/l<g/d for TWADI (0-70) in equation 2 to solve for the concentration (Ca) 

that is without harm; 

0.01 Mg/kg/d = 0.324 (m^/d.kg"') x Ca (pg/m'), 

Conclusion: The screening criterion for minor substances in emissions is a 
modelled average ground level concentration of 0.03 pg/m^as a 24 hour average. 
However for pragmatic reasons for the air dispersion modeller this can be 
transformed to a 1 hour average number of 0.05 pg/m^ as a 1 hour average using 
Turner's Power Rule. 

However for extra conservatism the CoNTC has been applied In this risk assessment 
as 0.03 pg/m^ regardless of time of exposure. 

9.4 Potential impact of the CoNTC on the risk assessment. 

It is stressed the 'Concentration of No Toxicological Concern' is not a dividing line between 

an exposure being safe or unsafe. Exposures may be substantially higher than the C o N C 

and present no health risk, on the other hand the C o N C has been derived in such a manner 

that exposure to concentrations at or below this level are, with a high degree of confidence, 

unlikely to cause adverse health effects. 

• It is noted that where background concentrations of chemicals of potential concem 

are available, with the exception of some metals (Cd & Hg), they are all higher than 

the screening CoNTC (See Appendices A2.2 & A2.3). In this risk assessment 

cadmium and mercury are included in the fonnal quantitative risk assessment. It is 

appreciated the background concentrations listed in Appendices A2.2 & A2.3 are 

data for Europe (WHO 2000). Nevertheless, since the CoNTC is lower than the 

reported European background concentrations of most of the substances identified 

as being of interest for the health risk assessment, it follows that concentrations 

present at the CoNTC are unlikely to cause an incremental increase in health effects 

, . over and above that which may be associated with background exposures. 

Hence; Ca (pg/m^) 
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• It is further noted that although the breathing rates used to calculate the C o N T C are 

relatively conservative, on occasion breathing rates greater than those used in Table 

AA1 may be experienced. However the C o N T C has been derived using the 

equivalent of a tolerable daily intake (see section 9.2), consequently occasional 

excursions above the intake are unlikely to be a health threat (for example see 

N H M R C 2002). Furthemnore, the C o N T C assumes 24 hour exposure, whereas in 

reality meteorological conditions and people movement are such that for a large part 

of the time there will be no exposure. It should also be recognised that the modelled 

ground level concentrations to which the C o N T C is compared are maximum one 

hour averages or annual averages. 

• The intake level of no toxicological concern, 0.02 pg/kg/d, is derived for substances 

that even if they were subsequently found to be genotoxic carcinogens the intake 

would not present an unacceptable risk. I.e. a risk of not greater than 1 in a million 

(US FDA 1995). However in this risk assessment the C o N T C is not applied to known 

genotoxic carcinogens. For substances that are not genotoxic carcinogens Munro et 

al (1996) evaluated approximately 613 chemicals with good supporting toxicological 

information which were placed into three 'classes' of presumptive toxicity based on 

chemical structure. For these 'classes' an analysis of the distribution of the N O E L s 

was undertaken. The 5*" percentile NOEL was divided by a 100-fold safety factor ^ 

to detennine human intake thresholds for an unknown substance in each 'class'. The 

intakes of no toxicological concern so derived were 25, 7.7 and 1.3 pg/kg/d for the 

three classes. The lower value, for 'class il l ' substances is 65 times higher than the 

FDA (1995, C F R 2001) intake of no toxicological concern, and is for substances that, 

on chemical structure and/or metabolism considerations, permit no strong initial 

presumption of safety or may even suggest significant toxicity. It is therefore 

considered the use of the U S FDA intake level of 0.02 pg/kg/d to derive the C o N T C 

is conservative and provides a margin of safety for non-carcinogens of the order of 

6,000 fold. 

A sensitivity analysis has been conducted on the impact of omitting substances from the 

fonnal risk assessment if their predicted ground level concentration is less than 0.03 pg/m^. 

The 5 percentile was chosen because this value would provide 95% confidence that the NOEL of 
any other substance in the same structural class but of unknown toxicity would not have a NOEL less 
than that at 5* percentile. This was considered to be much more conservative than dividing the 50'^ 
percentile NOEL by the 100-foid safety factor. 
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o Of the 85 compounds that had anticipated ground level concentrations less than the 

C o N T C there were 6 with a regulatory assigned chronic health guideline. At their 

predicted ground level concentration these substances would have contributed an 

extra 0.0026% to the chronic hazard index. 

o Furthermore, if it is assumed these substances were present at the same 

concentration as the C o N T C the extra contribution to the chronic hazard index would 

beonly 1% (Table AA1). 

b If a substance for which a guideline value had not been set by a regulatory agency 

was present at the CoNTC and subsequently a value equivalent to the lowest 

guideline of the V O C s in the emissions, i.e. acetaldehyde whose health guideline 

value is 9 pg/m^ (Table A2.2 in Appendix 2), was assigned to the substance the extra 

contribution to the hazard index would be 0.003 (0.3%). 

[Hazard Quotient = GLC/Guidel ine = 0.03 pg/m^ /9 pg/m^ = 0.003] ^ 

From the above it is concluded that omitting substances whose predicted ground level 

concentration is less than the C o N T C does not significantly affect the outcome of the 

calculated hazard indices in Sections 7.1.1 & 7.1.2. . 

Table AA3: Chronic Hazard Quotients for Compounds below the CoNTC. 

Compounds where 
predicted GLC < 
CoNTC 

Guideline 
Value ̂  

Predicted 
annual 
GLC at 
Location 1 
O /̂g/m") 

Hazard 
Quotient 
(HQ) 

Assume 
GLC = 
CoNTC 
(/[/g/m") 

Hazard 
Quotient 
(HQ) 

bromomethane 5 0.00013 0.000026 0.03 0.0060 ; 
carbon disulphide 700 0.000014 2 x 10"^ 0.03 0.000043 
carbon tetrachloride 6.1 0.000058 9.5x10-® 0.03 0.0049 
chlorobenzene 500 0.000004 8 x 1 0 - ' 0.03 0.000060 
chloromethane 90 0.000023 2x10 -^ 0.03 0.00033 
cyclohexane 6000 0.000066 1.1 X 10-* 0.03 0.000005 

SUM OF HAZARD QUOTIENTS 
0.000026 0.011 

^ Because these compounds were not identified as chemicals of potential concem due to their 
predicted ground level concentration being below the CoNTC, their guideline value summaries were 
not included in Appendices A2.1 & A2.2. For convenience summaries of the guideline value 
derivation is in Table AA3 below. . 
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Table AA4: Summary of derivation of guideline values for those chemicals 
with predicted ground level concentrations below the C o N T C but 
for which there exists a regulatory derived air guideline value. 

Compound 

Annual 
ambient 
air level 

Health 
endpoint 

Critical effect 
level I>/g/m l̂ UP 

Guideline 
Value 
!//g/m^] 

Ave 
Time Source 

Carbon 
tetrachloride 

0.5-1 liver damage 6.1 (NOAEL) 1000 6.1 1 year WHO 
2000 

Carbon 
disulphide 

10-1500 Functional CNS 
changes in 
workers 

B M C (10%) 
19.7 

30 700 Not 
specified 

U S E P A 
1995 

Chloro 
benzene 

0.2-3.5 Decreased 
food intake, 
increased 
organ weight, 
lesions and 
changes in 
blood 
parameters 

341 (LOAEL) 1000 500 1 year W H O 
2000 

Bromo 
methane 

0.05-0.8 nasal epithelial 
hyperplasia 

0.48 (LOAEL 
adjusted for 
continuous 
exposure) 

100 5 Not 
specified 

U S E P A 
1992 

Cyclohexane not 
available 

Developmental 
toxicity 

BMCL(isd) 
(adjusted for 
continuous 
exposure): 
1,822 

300 6000 Not 
specified 

U S E P A 
2003 

Chloro 
methane 

not 
available 

central nervous 
system 

NOAEL(adjuste 
dfor 
continuous 
exposure): 94.6 
mg/m^ 

1000 90 Not 
specified 

U S E P A 

' The source for all background levels is WHO (2000). 
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