BEFORE THE INDEPENDENT HEARING PANEL

UNDER the Resource Management Act 1991

AND

IN THE MATTER OF aresource consent application by RS Sands Limited to the Waipa
District Council and the Waikato Regional Council to establish and

operate a sand quarry at 77 Newcombe Road, Cambridge.

SUMMARY STATEMENT OF CHARLIE LOU WICKHAM - AIR QUALITY AND HEALTH

Introduction

1. My name is Lou Wickham, | am a Director and Air Quality Specialist with
Emission Impossible Ltd. My qualifications and experience are as outlined in
my statement dated 25 March 2025 and | reconfirm my adherence to the code

of conduct(s) for an expert (air quality) witness.

2. This statement provides a summary of my statement dated 25 March 2025 and
responds to the matters raised by Mr Andrew Curtis in his statement dated 31

March 2025.

Summary Statement

3. RS Sand is proposing to establish a large sand quarry, with around 600,000
tonnes per year of material throughput, at 77 Newcombe Road, Cambridge. |
base this statement on the staging plan in the application, which notes that
whilst 400,000 tonnes per year of pit sand and concrete sand are to be
extracted, an additional 200,000 tonnes per year of overburden is also to be

removed.!

1 Kinetic Environmental, 2023. AEE. Appendix C Siting and Staging Plans. At [Summary]. 22/05/2023. [Online]



https://www.waipadc.govt.nz/repository/libraries/id:26zgz4o7s1cxbyk7hfo7/hierarchy/our-services/planning-and-resource-consents/Consent%20Applications%20of%20Interest/LU%200077%2023%20-%2077%20Newcombe%20Road/Applicant%20documents/Appendix%20C%20-%20Site%20and%20Staging%20Plans.pdf

The key discharges to air from the proposal will be particulate matter less than
10 micrometres in diameter (PMio) and respirable crystalline silica (RCS)
measured in the respirable fraction, which is particulate less than 4
micrometres in diameter (PMs). Nuisance dust is also a potential cause for

concern.

My indicative calculations show that PM1o emissions from the proposal will be
significant — in the order of tonnes of PMio per year. This dust is primarily
generated by the mechanical action of heavy vehicles grinding and crushing
unsealed surfaces on haul roads. It includes smaller fractions that are more

important from a health perspective, notably PM1o and RCS.

| have relied on the evidence of Mr Chisnall, a geologist, who has advised that
that the sand to be quarried is around 69% silica, and quartz rich. On this basis,
| retain concerns that the applicant’s air quality assessment, and council’s
review, significantly underestimate potential offsite effects of RCS. This is

important because RCS, like PM1yo, is a Group | carcinogen (lung cancer).

Whilst the applicant has proposed, and council has supported, dust monitoring
and mitigation procedures that are consistent with good practice | retain
concerns that the national environmental standard (NES) for PM1o could be
breached beyond the site boundary. The neighbouring property at 41
Newcombe Road is very close, with a house less than 25 metres from the

boundary with RS Sand’s proposal.

To reflect the seriousness of potential adverse health effects from these
discharges to air (i.e., both PMio and RCS), | recommended an alternative
staging approach to extraction be considered (i.e., no large benched exposed
open face on the northern boundary). | understand a new staging approach
has now been proposed, and this includes leaving a 10-metre-high gully wall

on the northern boundary for the majority, but not all, of the proposed



quarrying activities. | consider this approach would go some way to reduce the
risk of elevated exposure to PMig, RCS and nuisance dust at Mr Powell’s
property —as long as the gully wall remains present. However, an open topped
wall will not stop the wind, and particulate discharges to air from the site will
still be carried beyond the boundary. | also remain concerned about potential

effects on 41 Newcombe Road.

9. | reiterate my recommended additional mitigation and monitoring as
conditions of consent to assist with overall compliance with health-based air
quality standards and guidelines. | have further investigated a suitable ambient
RCS guideline and consider the TCEQ chronic (cancer) environmental screening
level for RCS may be appropriate for comparison with boundary RCS

monitoring (at 41 Newcombe Road).

Rebuttal Evidence of Andrew Curtis

Crystalline Silica Content in Sand to be Quarried

10. Silica is silicon dioxide (SiO2). Crystalline silica is the name for a group of
naturally occurring minerals (quartz, cristobalite and tridymite) found in many
types of rock. These minerals are polymorphs, i.e. they are all silica but have
different crystalline structures. Respirable crystalline silica (RCS) is the fraction
that can enter the upper part of the lungs and is measured as particulate

matter that is less than 4 micrometres in diameter (PMj).?

11. Mr Curtis is correct that x-ray fluorescence analysis does not distinguish
between different forms of silica (this requires x-ray diffraction). | have relied
on Mr Tony Chisnall’'s sampling and analysis identifying 69% silica, and
geological expertise in relation to the published reference for Hinuera

Formation sands being quartz rich. Quartz is all crystalline silica. Mr Curtis has

2 Particulate matter is classified by particle size (defined through aerodynamic diameter) because this dictates
transport processes through the atmosphere and potential health effects in the body when inhaled. PM o can also
enter the upper part of the lungs, whereas PM; s is so small it can also cross the blood-gas barrier in the alveoli.



not provided supporting evidence for his assumption that the majority of silica

present is in the amorphous (non-crystalline) form.

12. As noted in my previous statement, particles formed by physical attrition
processes, such as quarrying operations or dust generation on haul roads, have
chemical compositions identical to the parent material undergoing size
reduction (AWMA, 2000).2 It is reasonable therefore, to assume the fraction of
crystalline silica within emitted particulate matter is equivalent to the fraction
within the parent source. Based on Mr Chisnall’s advice that the (quartz-rich)

sand is 69% silica, this means:

(a) Up to 69% of the total suspended particulate (TSP or nuisance dust)
emitted from the site (that could potentially soil washing and clog

drinking water filters) could be crystalline silica;

(b) Up to 69% of the PM1o emitted from the site (that could potentially
exceed the NES for PM1p and cause adverse health effects including

cancer) could be crystalline silica; and

(c) Up to 69% of the PMs emitted from the site could be respirable
crystalline silica (RCS) and could potentially cause adverse health

effects including silicosis and cancer.

13. The nuisance dust and PMyg fractions are addressed separately and do not
require consideration of the crystalline silica fraction. It is only this last (PMa)
fraction that would require measurement at the boundary and analysis (using
x-ray diffraction), to determine respirable crystalline silica (RCS)
concentrations downwind. | suggest measured ambient RCS may be compared
with the TCEQ chronic (cancer) environmental screening level for RCS, which |

will discuss in more detail below.

3 AWMA (2000). Air Pollution Engineering Manual. Air & Waste Management Association, Second
edition, Canada.



Offsite RCS Impacts

14. With respect to offsite monitoring of RCS, Mr Curtis is not correct that the
Yaldhurst study did not measure elevated monthly levels of RCS downwind of
quarries. The most impacted site in the Yaldhurst study (Site 3, 50 metres
downwind of a quarry boundary) measured 0.4 ug/m3 RCS as a 3-month
average (refer Appendix A).* (As an aside, calibrated daily PM1o measurements
at this site (3) also exceeded the NES for PM1o. All quarries in Yaldhurst are

bunded on all sides).

15. The Yaldhurst study provides the only ambient data on RCS that | am aware of
for New Zealand. Data from the US indicates ambient levels of RCS around
aggregate production operations ranges from 0 — 2.8 ug/m?3 RCS as an annual
average (TCEQ, 2020).° | note, however, that this monitoring was undertaken

up to 2 miles (3.2 kilometres) downwind of aggregate production operations.

16. | have reviewed available health-based chronic guidelines for RCS and, despite
a consensus view of carcinogenicity for RCS being established by IARC in 1997,
most regulatory agencies focus only on the adverse effects of silicosis. (The
(2005) OEHHA annual average guideline of 3 ug/m3 referenced in the Yaldhurst
study addresses silicosis only, but this is because OEHHA reference exposure

levels only address non-cancer health effects).

17. In 2009, the Texas Commission on Environmental Quality (TCEQ) set a cancer-

based environmental screening level for RCS of 0.27 pg/m3 as an annual

4 Mote, 2018. Yaldhurst Air Quality Monitoring, Summary Report: 22 December — 21 April 2018. [Online]. At [Table
14] and reproduced in Appendix A.

5 Texas Commission on Environmental Quality, (2020). Crystalline Silica. Ambient Air Monitoring and Evaluation of
Community Health Impacts Near Aggregate Production Operations. Toxicology, Risk Assessment, And Research
Division. December. [Online]

Aggregates are defined as any commonly recognized construction material originating from an APO from which an
operator extracts dimension stone, crushed and broken limestone, crushed and broken granite, crushed and
broken stone not elsewhere classified, construction sand and gravel, industrial sand, dirt, soil, or caliche (i.e.,
mineral deposits containing calcium carbonate) (30 TAC 342.1). Aggregates do not include clay or shale mined for
use in the manufacturing of structural clay products.


file:///C:/Users/Lou%20Wickham/Downloads/YaldhurstAirQualityMonitoringSummaryReport19June2018-1.PDF
https://www.tceq.texas.gov/downloads/toxicology/publications/community-health-impacts-as-202.pdf

18.

19.

average for air permit reviews. ® | understand the purpose of this
environmental screening level is to assess whether emissions from industrial
operations could lead to concentrations of pollutants that might pose a risk to
human health over extended periods, typically a year or more. The long-term
environmental screening level is “generally derived from health studies and
represents a level of exposure that, if exceeded, may cause adverse health
effects over a prolonged period”. Notes from my review of the derivation of
the TCEQ chronic (cancer) environmental screening level are attached at

Appendix B.

My understanding is that based on uncertainties in the epidemiology TCEQ has
assumed no threshold for cancer effects and (using health incidence data for
Texas) derived a carcinogen unit risk factor for excess cancer. This approach

appears to be consistent with a precautionary approach for carcinogens.

The TCEQ chronic (cancer) environmental screening level of 0.27 pg/m3 as an
annual average may be applicable for comparison with monitoring at the
boundary of the RCS proposal. | consider RCS monitoring would be best located
by the closest neighbour (i.e., 41 Newcombe Road). Mr Curtis has also raised a
valid point about monitoring background levels of RCS in addition to those
measured at the boundary. This would need to be undertaken in an

appropriate location that is well away from quarrying activities.

My Estimates of PMio Emissions

20.

Mr Curtis has queried some of the assumptions | used to estimate PMio
emissions. My assumption of truck travel of 1,200 metres was for a return
journey from the processing area to the centre of the site (i.e., 600 metres each

way).

6 TCEQ, 2009. Silica, Crystalline Forms. Development Support Document. Final. Prepared by Valerie Meyers, Ph.D.,
Jong-Song Lee, Ph.D., Roberta L. Grant, Ph.D. Toxicology Division. Chief Engineer’s Office. Oct 8, 2009. [Online]


https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.tceq.texas.gov/downloads/toxicology/dsd/final/silica_crystalline_forms.pdf&ved=2ahUKEwjZx6WK1bWMAxWVslYBHWPwO28QFnoECAgQAQ&usg=AOvVaw02iO76mO63ouAFlK-Hpxg3

21.

22.

Based on Mr Curtis advice of 30 — 40 tonne trucks, my indicative estimate
reworked (refer Appendix C) reduces annual average PMio emissions from the
haul roads to 2.7 — 3.1 tonnes per year.” | note that whilst the number of trucks
has reduced, the larger carrying capacity results in an increase in the actual

emission per truck (because the truck is heavier with greater crushing effect).

Mr Curtis is correct that my indicative estimate does not account for wet days
on which dust emissions may be reduced. However, it does assume a generous
70% reduction due to regular watering of haul roads. | have not seen the data
supporting Mr Curtis’ assumption of 30% moisture in the sand to be quarried.
However, it is to be expected that once removed from the ground, transferred
around the site, stockpiled and transferred again, that the sand will start to dry
out. In the absence of any data on precipitation (which Mr Curtis did not
provide) the purpose of these calculations was simply to estimate scale. Even

as amended, my calculations indicate the scale of emissions is still significant.

Measurements of PMio around other quarries

23.

24,

Mr Curtis’ reference to the Yaldhurst quarries study (which | designed and peer
reviewed) of PM1o concentrations between 21 and 27 pg/m?3 is incorrect. He
has referenced the 4-month average PMio concentrations measured around
the quarries. Maximum daily PM1o measurements near the Yaldhurst quarries

ranged between 47 and 65 pg/m3.2

It is further important to note that these concentration values are
uncalibrated. My review of the Yaldhurst study (refer Appendix A) indicates
that calibrated daily concentrations of PM1g in Yaldhurst ranged between 43
and 54 pg/m?3 and would have exceeded the national environmental standard

(NES) for PM1o of 50 pg/m?3 six times during the four months of monitoring

7 This is still less than 200 grams per truck per return trip — refer Appendix A for details.

8 Mote, (2018). Yaldhurst Air Quality Monitoring, Summary Report: 22 December —21 April 2018. [Online]. At Table
E-1 and reproduced in Appendix A.
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25.

26.

(only one exceedance of the NES for PMig is permitted in any 12-month
period). These exceedances occurred at monitoring locations within 100

metres downwind of the quarry site boundaries.

The Yaldhurst quarries were aggregate quarries, not sand. However, like the
RS Sand proposal, the primary source of PMio emissions at the Yaldhurst
quarries was likely haul roads. | retain my concern that, even with good dust
management and control, discharges to air from the RS Sand proposal may

exceed the NES for PM1o (and also cause dust nuisance) offsite.

Mr Curtis states that he has only rarely experienced off-site dust issues with
other sand mines in the Waikato. | reiterate that my concerns are focused
primarily on the potential health effects of PM1o and RCS, which are the non-
visible fractions of the dust plumes that may be visible onsite. | would welcome

(calibrated) PM1o monitoring data to support Mr Curtis’ opinion.

Standard Method for Monitoring PM1o

27.

28.

Schedule 2 of the Resource Management (National Environmental Standards
for Air Quality) Regulations 2004 (NESAQ) mandates appropriate standard, or
‘reference’, methods for measuring PM1o. Alternative non-standard methods
employ optical (light scattering) techniques but these can be subject to
interference (e.g., from humidity) and require careful calibration if the data are
to be compared with the NES for PMjo. Optical particulate instruments are
typically cheaper, with faster response times than some of the standard
methods (for example, beta attenuation monitors are accurate over a 24-hour
period but not hourly periods). A quicker response time has obvious
operational advantages for industrial activities seeking to manage and control

dust emissions.

Mr Curtis acknowledges that it is necessary to calibrate non-standard methods

for measuring PM1o onsite. | think, at least in the first few years of consent,



29.

that it will be essential to provide robust data with respect to compliance with
the NES for PM1o. | therefore, recommend at least one standard, or ‘reference’
monitor on the boundary. This could be supported by other, non-standard

method monitors in other locations (as long as they are calibrated).

| also note the use of standard methods for measuring PMig is now
commonplace including in the (PM1g polluted) Mount Maunganui Airshed near
the Port of Tauranga. | consider the use of standard methods essential to

provide confidence for local residents.

Relevance of World Health Organization 2021 Air Quality Guidelines

30.

My evidence was clear that the WHO 2021 Air Quality Guidelines are not
mandatory. This does not detract from their relevance to this application for

the reasons | have outlined.

Accuracy of Site Wind Data

31.

32.

Mr Curtis has acknowledged that an anemometer located on a 5-metre mast
will measure lower wind speeds than an anemometer at (the World
Meteorological Organisation standard) 10 metres above ground level. He has

not, however, provided any information on:

(a) the location of the anemometer in relation to standard monitoring

requirements (AS/NZS 3850.14:2014); or

(b) calibration of the anemometer to ensure the results are accurate and

representative.

In the absence of any further information, | retain concerns that the site data

showing 6% elevated wind speeds may not be representative. The location of
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the met station at the site will also need to address potential channelling

effects from the river that | identified on my site visit to 42 French Pass Road.

Recommended Air Discharge Consent Conditions

33.

Some final comments:

(a)

(b)

(c)

(d)

| am concerned that the dust management plan, a second order
document under the consent, may not be effective in practice. |
reiterate my recommendation for a stop-works consent condition, in
the event that particulate exceeds trigger levels at the boundary, to

prevent exceedance of the NES for PM1p offsite.

| disagree with waiting 12 hours before acting on elevated dust levels
and reiterate my recommendation for a 1-hour dust trigger level of 100

pg/m?3 (and stop works condition after 3 hours).

| also consider the application of a long-term trigger level (consistent
with the WHO annual guideline of 15 pug/m?3) to be necessary. Risk
ratios for chronic (annual) exposure to particulate are an order of
magnitude higher than those for acute (daily) exposure (WHO, 2021).
In simple terms, this means that long-term exposure is the most
important from a public health perspective. By way of context, the
four-month PMio concentrations measured near Yaldhurst quarries
were 19-50% higher than the four-month PMjio concentration
measured at a background location. Itis therefore, important to control

both short-term and long-term exposure to offsite emissions.

| understand Mr Curtis to be agreeing with my recommendation for
wind speed trigger levels (5 m/s). If his meteorological data are correct

this trigger level would rarely be exceeded.



11

(e) Mr Curtis is correct that data will require quality assurance before
reporting to Council. This is why | have recommended suitable caveats
be posted with the live-streamed data for the public. Making this

information available to neighbours will build trust.

O/ ou @J}CLC é‘éu,_\

Lou Wickham

3 April 2025
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Appendix A Mote, 2018 RCS and PM1y Monitoring Results

Table 14 RCS monitoring results for 22 Jan — 20 Apr 2018
Location Pre sample Post sample Mass (PM4) Air sampled RCS Concentration
weight weight
(e) ] (re) (m?) (ne/m’)
Site 1 19-31 Jan 0.013673 0.014154 481 35.5 <20 <0.6
Site 1 9-20 Feb 0.012564 0.013238 674 57.0 <20 <0.4
Site 1 20 Feb - 20 Mar 0.011691 0.012581 890 83.5 <20 <0.2
Site 1 20 Mar - 20 Apr 0.011513 0.011773 260 97.8 <20 <0.2
Site 1 Average 19 Jan - 20 Apr 2018 <0.3*
Site 2 19 Jan - 20 Feb 0.011214 0.012274 1060 92.8 <20 <0.2
Site 2 20 Feb - 20 Mar 0.012293 0.013466 1173 83.6 <20 <0.2
Site 2 20 Mar - 20 Apr 0.01211 0.012473 363 97.8" <20 <0.2
Site 2 Average 19 Jan - 20 Apr 2018 <0.2
Site 3 19 Jan - 20 Feb 0.010458 0.012374 1916 92.2 30 0.33
Site 3 20 Feb - 20 Mar 0.011066 0.01245 1384 83.7 <20 <0.2
Site 3 20 Mar - 20 Apr 0.011883 0.012547 664 97.8" 75 0.76
Site 3 Average 19 Jan - 20 Apr 2018 0.4
Site 4 19 Jan - 20 Feb 0.011389 0.012468 1079 92.1 <20 <0.2
Site 4 20 Feb - 20 Mar 0.011488 0.012104 616 83.7 <20 <0.2
Site 4 20 Mar - 20 Apr 0.011795 0.011958 163 97.8 <20 <0.2
Site 4 Average 19 Jan - 20 Apr 2018 <0.2

Location Pre sample Post sample Mass (PMa) Air sampled RCS Concentration
weight weight
(e) (e) (me) (m®) (ng/md)

Site 5 19 Jan - 20 Feb 0.012501 0.014311 1810 92.2 <20 <0.2
Site 5 20 Feb - 20 Mar 0.01606 0.01703 970 83.5 <20 <0.2
Site 5 20 Mar - 20 Apr 0.012019 0.012451 432 97.8" <20 <0.2
Site 5 Average 19 Jan - 20 Apr 2018 <0.2
Site 6 19 Jan - 20 Feb 0.012886 0.014078 1192 92.2 <20 <0.2
Site 6 20 Feb - 20 Mar 0.011234 0.012096 862 83.5 <20 <0.2
Site 6 20 Mar - 20 Apr 0.012068 0.012252 184 97.8" <20 <0.2
Site 6 Average 19 Jan - 20 Apr 2018 <0.2
Site 10 20 Feb - 20 Mar 0.01102 0.011765 745 83.6 <20 <0.2
Site 10 20 Mar - 20 Apr 0.011987 0.012245 258 97.8" <20 <0.2
Site 10 Average 19 Jan - 20 Apr 2018 <0.2

A detailed review of the RCS data has identified that the proportion of particulate material collected on the filter (PMa) has decreased relative to the PMwo
measured by nephelometer. We suspect that the flow controllers on the RCS monitors are not moderating the flow sufficiently to correct for the drop in
temperature during the onset of winter. Whilst this does not affect the accuracy of the RCS mass measured on the filter, it may be increasing the uncertainty
of the calculated flow rate and the subsequent calculated RCS concentration. We reduced the temperature of the flow controllers in a controlled environment
and measured the reduction in flow (as a result of reduced temperature). Based on this, we estimate the uncertainty of the three-month RCS concentration to
be £23%.
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Table E-1 Maximum hourly, daily and average PM1o measured at six monitoring sites 22 Dec 17 —21 Apr 18

(including background location, site 4 - shaded)*

Distance from PM1o Concentration (pg/m3)
monitor to
nearest quarry Maximum Maximum Average
b d
oundary (m) 1-hr 24-hr 4-month
Site 1 50 208 62 24
Site 2 183 58 23
190
Site 2 (BAM)* -* 47 21
Site 3 50 284 63 27
Site 4 99 57 19
4,800
Site 4 (BAM)* = 45 16
Site 5 80 205 65 26
Site 6 160 147 56 21

*Beta attenuation monitor (reference method) is not accurate to 1-hour average

Table 1 summary Yaldhurst Air Quality Monitoring: Dec 2017 - Apr 2018

1 East Rural/residential Nephelometer PMig
RCS

2 North (east) | Rural/residential Nephelometer PMig
BAM PMig

Nephelometer PM; 5
RCS
Meteorology

3 South (east) | Rural Nephelometer PMg
Nephelometer PMzs
RCS

4 Background | Rural Nephelometer PMig
BAM PM 1o

Nephelometer PMzs

RCS

5 South (west) | Rural Nephelometer PMyq
RCS

6 North (west) | Rural/residential Nephelometer PMig

RCS
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Table A-1. Elevated* daily PMio concentrations in the 2018 Mote Study.

PM;o (ug/m3, 24-hour average) **
Date Site 1 Site 2 Site 3 Site 4° Site 5 Site 6
24-hour average NES for PM1o = 50 pg/m?

09-Jan-18 47 49 51 47 52 44
16-Jan-18 48 44 53 45 55 43
01-Feb-18 - - 52 - - -
05-Apr-18 53 - 44 - - 48
17-Apr-18 - - 53 - - -
19-Apr-18 - - 54 - - -

50 190 50 4,800 80 160

Distance (m) to nearest quarry

*>40 ug/m?
** Measured using nephelometer and adjusted using equations developed from co-location with reference monitors (Site 2,y =
0.8179x + 1.8897, R2 = 0.89) for all Yaldhurst locations and (Site 4, y = 0.7885x + 1.9583, R? = 0.93) for Site 4.

Site 2

. -
~ “

Figure A-1. Map of Yaldhurst Study Monitoring Locations.
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Appendix B Consideration of RCS Carcinogenicity

TCEQ - Chronic Environmental Screening Level: ° (Cancer) 0.27 pg/m3

An RCS unit risk factor (URF) was calculated by TCEQ based on lung cancer mortality
in silica exposed workers (as pooled by Steenland etc. al. 2001; 65,980 workers from
a range of industries). This utilised:

e Lung cancer mortality and survival data from Texas; and

e A log linear model using cumulative dose, a 15-year lag, and a default linear
extrapolation from the POD to zero. (POD is the point of departure, or the
starting point for extrapolation of risk from no or low observed effect level);

e Acalculated URF of 3.6 x 10 per pg/m?3 (that is an increased risk of 3.6 excess
cancer cases per 100,000 people per 1 pg/m?3 of lifetime exposure to RCS).

Based on the URF, the derived chronic silica concentration at 1 in 100,000 excess
cancer risk is:

1x10°/3.6x10”
=0.27 pg/m3

The reason Texas is different to other jurisdictions is that Texas has assumed no
threshold for cancer effects. They assume a linear relationship from the POD to zero
in the absence of definitive carcinogenic mode of action information.

“There is not a consensus among the scientific community on whether the
carcinogenic mode of action for silica is non-linear or linear or whether silicosis
is necessary for the development of lung cancer”.

This is different to other jurisdictions. For example, a 2013 review by Minnesota
Department of Health concluded that if exposure to silica is maintained at levels below
those that result in silicosis the likelihood of increased risk of developing lung cancer
is minimal (because levels are below the levels where this is evidence of cancer
impacts). Their website states:

We do not currently know what impacts silica has at lower concentrations such
as those typically found in air. At this time, there is no evidence that exposure
to low-levels of breathable crystalline silica in air has adverse health effects.
This continues to be an area of on-going research.

10 TCEQ, (2009). Silica, Crystalline Forms. Development Support Document. Final. Prepared by Valerie Meyers,
Ph.D., Jong-Song Lee, Ph.D., Roberta L. Grant, Ph.D. Toxicology Division. Chief Engineer’s Office. Oct 8, 2009.
[Online]


https://www.health.state.mn.us/communities/environment/hazardous/topics/silica.html#healthbase
https://www.health.state.mn.us/communities/environment/hazardous/topics/silica.html#healthbase
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.tceq.texas.gov/downloads/toxicology/dsd/final/silica_crystalline_forms.pdf&ved=2ahUKEwjZx6WK1bWMAxWVslYBHWPwO28QFnoECAgQAQ&usg=AOvVaw02iO76mO63ouAFlK-Hpxg3
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A more recent meta-analysis (Shahbazi et al., 2021) was inconclusive on the presence,
or otherwise, of a no-effects threshold finding increased risk at all exposures:

Fatemeh Shahbazi, Mina Morsali, Jalal Poorolajal, The effect of silica exposure
on the risk of lung cancer: A dose-response meta-analysis, Cancer
Epidemiology, @ Volume 75, 2021, 102024, ISSN 1877-7821.
https://doi.org/10.1016/j.canep.2021.102024.

Background

The relationship between silica and the risk of developing lung cancer has been
established in previous literature, but how much the level of exposure to silica
can increase the risk of lung cancer is a question that has been addressed in
this review.

Methods

Three electronic databases, including MEDLINE, Scopus, and Web of Science
were searched for relevant literature. For the dose-response relationship
between exposure to silica and developing lung cancer, we performed a meta-
analysis using the random-effects model. For each level of exposure, we
calculated the overall risk ratio (RR) with 95% confidence intervals (Cl).

Results

Nineteen studies were included in the meta-analysis. There was a positive and
significant increasing dose-response trend between silica exposure and the risk
of developing lung cancer as follows: < 0.50 mg/m? 1.14 (95% Cl: 1.05, 1.23; I
=79%), 0.50-0.99 mg/m? 1.34 (95% Cl: 1.05, 171; I?> = 45%), 1.00-1.99 mg/m?>
1.14 (95% CI: 1.00, 1.30; I? = 70%), 2.00-2.99 mg/m?> 1.47 (95% CI: 1.05, 2.06;
? =57%), 3.00-3.99 mg/m>® 1.44 (95% Cl: 0.99, 2.11; I° =58%), and
>4.00 mg/m3 1.64 (95% Cl: 1.20, 2.24; I°> = 88%). The heterogeneity across
studies was mild to moderate.

Conclusions

The presence of a dose-response relationship favors the causal relationship
between exposure to silica and developing lung cancer.

A 2023 conference abstract (Brandariz et al., 2023) was similarly inconclusive:!?

11 Brandariz et al., (2023). Respirable Crystalline Silica Exposure and Lung Cancer Risk: A Review of Cut-off Points,
Journal of Thoracic Oncology. Vol 18. Iss 11. Suppl, 2023. Pages S421-S422. doi.org/10.1016/].jth0.2023.09.759



https://doi.org/10.1016/j.jtho.2023.09.759
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Respirable Crystalline Silica Exposure and Lung Cancer Risk: A Review of Cut-
off Points, Journal of Thoracic Oncology.

Introduction

Respirable crystalline silica (RCS) is associated with the development of lung
cancer. However, there is uncertainty in aspects such as the establishment of
exposure limits. The aim of this study was to review the cut-off points above
which there is a risk of mortality and development of lung cancer from
occupational exposure to RCS through a systematic review.

Methods

A literature search was performed in PubMed. Cohort and case-control studies
published after 2004 were included that assessed various categories of RCS
exposure and reported relative risks (RR), odds ratios (OR) or hazard ratios
(HR), accompanied by their 95% confidence intervals (95%Cl), of RCS exposure.
A Google search was also performed on the limits established by different
international organizations related to occupational health.

Results

Twenty studies were included with a total sample size of 280,894 subjects.
Thirteen studies assessed the risk of lung cancer mortality associated with RCS
exposure, while seven studies assessed the incidence of lung cancer. Half of the
studies were conducted exclusively in men and the rest in both men and
women. In most studies that assessed the risk of lung cancer mortality, the risks
were not significant in most exposure categories. In one study, the risk of lung
cancer mortality in men began to be significant at cumulative exposure >10
mg/m?3-years (RR>1.47). In another study a significant HR was observed from
an exposure of 2.6 mg/m3-years (HR>1.89) and in two studies significant HRs
were detected for all exposure categories with HRs above 32%. In most studies
estimating lung cancer risk, again, the estimated effect measures were not
significant. However, in one of the most recent studies with the largest sample
size, significant ORs were found for all exposure categories. Thus, the lowest
OR was found for >0-0.39 mg/m3-years (OR: 1.15 CI95% 1.04-1.27) and the
highest for 2.4 mg/m3-years (OR: 1.45 C195% 1.31-1.60). Exposure limits were
located in 11 countries. Most countries set the RCS exposure limit at 0.05mg/m?
for an 8-hour day, although others have limits of 0.1mg/m? and 0.025mg/m?.

Conclusions

There is great variation in RCS exposure levels both between studies and
between the organisms and countries assessed. However, in some of the
studies, it is observed that high exposure levels are significantly related to lung
cancer risk. It is not possible to establish a consensus exposure limit with the
results obtained, although there seems to be a consensus that at limits below
0.1 mg/m?3 the risk of lung cancer is low.


https://www-sciencedirect-com.libraryproxy.openpolytechnic.ac.nz/topics/medicine-and-dentistry/systematic-review
https://www-sciencedirect-com.libraryproxy.openpolytechnic.ac.nz/topics/medicine-and-dentistry/occupational-health
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Appendix C Amended PM;, Calculations

20 tonne truck

6.0 Trucks on unsealed areas of site
6.1 Trucks on haul roads

PM,, kx (s/12)7(W/3)° b/ VT Total  No. trucks PM,, Duration PM,, No. trucks/year
11b/VMT 281.9 g/VKT Stage 1 990,000 49,500 6,529 kg 1.7 years 3,841 kgfyr 29,118
k 1.5 Table 13.2.2-2 Industrial roads Stage 2 2,655,000 132,750 17,510 4.4 3,980 30,170
a 0.9 Table 13.2.2-2 Industrial roads Stage 3 4,692,600 234,630 30,948 7.8 3,968 30,081
b 0.45 Table 13.2.2-2 Industrial roads Stage 4 4,098,600 204,930 27,031 6.8 3,975 30,137
s =Silt content Stage 5 15,717 4 3,929 29,790
s 4.8 Table 13.2.2-1 Plant road, sand processing Sur 4.7 A
W =mean vehicle weight (tons)
Truck capacity 0T Average 25,859
Empty truck 5
Full truck 25
Average truck 15  tonnes
W 13.6 tons
FM,, 1.3 lo/VMT
366 g/VKT
0.37 kg/VKT
Assume each truck 1200 m travelled on unsealed ground on site (i.e. 600 m one way and 600 m back)
Assume watering control reduction 70%
30 tonne truck
6.0 Trucks on unsealed areas of site
6.1 Trucks on haul roads
PM,, k x (s/12)3(w/3)" Ib/vMT Total  Mo. trucks PM,, Duration PM,, No. trucks/year
11b/VMT 281.9 g/VKT Stage 1 990,000 33,000 5,171 kg 1.7 years 3,042 kg/yr 19,412
k 1.5 Table 13.2.2-2 Industrial roads Stage 2 2,655,000 88,500 13,869 4.4 3,152 20,114
a 0.9 Table 13.2.2-2 Industrial roads Stage 3 4,692,600 156,420 24,513 7.8 3,143 20,054
b 0.45 Table 13.2.2-2 Industrial roads Staged 4,098,600 136,620 21,410 6.8 3,149 20,091
s =Siltcontent Stage 5 2,383,200 12,449 4 3,112 19,860
s 4.8 Table 13.2.2-1 Plant road, sand processing Sum 14,819,400 24.7 A 3,120
W =mean vehicle weight (tons)
Truck capacity 0T Averoge 15,906
Empty truck 7
Full truck 37
Average truck 22 tonnes
W 20.0 tons
PM,, 1.5 Ib/VMT
435 g/VKT
0.44 kg/VKT
Assume each truck 1200 m travelled on unsealed ground on site (i.e. 800 m one way and 600 m back)

Assume watering control reduction 70%



40 tonne truck

6.0 Trucks on unsealed areas of site
6.1 Trucks on haul roads
PMy,
1 1b/VMT

wow O oo =

W

Truck capacity
Empty truck
Full truck
Average truck
W

PMyg

Assume each truck
Assume watering control reduction

k x (s/12)3(W/3)° Ib/VMT
281.9 g/VKT
1.5 Table 13.2.2-2 Industrial roads
0.9 Table 13.2.2-2 Industrial roads
0.45 Table 13.2.2-2 Industrial roads
= Silt content
4.8 Table 13.2.2-1 Plant road, sand processing
=mean vehicle weight (tons)
a0 T
10
50
30 tonnes
27.3 tons
1.8 Ib/VMT
501 g/VKT
0.50 kg/VKT
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Total
990,000
2,655,000
4,692,600
4,098,600
2,383,200

19,400

1200 m travelled on unsealed ground on site (i.e. 600 m one way and 600 m back)

70%

No. trucks
24,750
66,375

117,315
102,465
59,580

370

PM,,
4,460 kg
11,960
21,138
18,463
10,735

Duration
1.7 years
4.4
7.8
6.8

PM,,

No. trucks/year

2,623 kgfyr

2,718
2,710
2,715
2,684

-

Average

14,559
15,085
15,040
15,068
14,895



