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SUMMARY

In February 2002, approximately 2000 cigarettes from two commercially available brands
were purchased by ESR from aretail outlet in Wellington and sent to acommercial testing
laboratory (Labstat International, Inc., Ontario, Canada). The two brands selected for testing
were Holiday Special Filter (HSF) and Holiday ExtraMild (HEM). The HSF brand has the
largest overall market share in New Zealand, and the HEM brand has the largest market share
of the “mild, extramild, or light” brands. These brands were tested for a range of constituents
identified in aprevious ESR report. This activity is condg stent with similar international
effortsin Australiaand British Columbiato characterise the toxic constituents of cigarette
smoke and the chemical constituents in unburned cigarette tobacco.

The HEM brand was tested under both standard 1SO methods, and for smoke constituents also
under “intense” conditions, the methodological details of which are supplied by L abstat
International, Inc. These methods have been used extensively by public health agenciesin
Australiaand Canada. Intense smoking methods atempt to cgpture the compensatory
smoking behaviour of smokers of low nicotine yield cigarettes, which are not reflected in
standard 1SO smoking machine yields.

The results of the analyses show that, compared with 13 ‘mild’ or ‘extramild’ brandsin
Australiain 2002, nicotine yield in HEM was not sgnificantly different. However, tar from
HEM was dlightly higher on average (p = 0.089), and the T:N ratio of HEM was significantly
higher than the Australian brands tested (p = 0.0029 intense, and p = 0.038 1SO methods).
This difference was even more pronounced when compared to 10 brands of ‘mild’ and ‘light’
cigarettes reported by the British Columbia Ministry of Health in Canadain 2000.

The carbon monoxide levelsin the HEM were significantly higher than in Australian 'mild'
brands (p = 0.04), but were similar to Canadian 'mild' brands. The HEM had greater tar and
CO levels than any of the Australian mild brands tested when intense ISO conditions were

used.

Theyield ratings on packets at the time of the study were: HSF (tar = 16 mg, nicotine =

1.2 mg, and CO = 15 mg per cigarette), and HEM (tar = 12 mg, nicotine = 0.8 mg, and CO =
10 mg). Both products conformed to the ratings on their packets, using 1SO test conditions.
Under intense 1SO smoking conditions, the HEM yields were considerably higher (up to
three-fold) than the packet ratings suggest.

Cancer risk was estimated using yield information combined with published cancer potency
factors, thereby integrating all of the carcinogenicity data into one cancer risk estimate. The
cancer risk to nicotine ratio for HEM was higher than in Australian brands, and much higher
than in Canadian brands. The T:N ratio and the cancer risk to nicotine ratio, were aso higher
for HEM than for HSF. These results show that, for a given intake of nicotine, thereisa
greater exposure to hazardous substances in HEM than ‘mild’ brandsin Australia or Canada,
and also even when compared with the 'regular' brand HSF.

In order to ensure that these findings were not a one-off occurrence, we re-tested the brands
six months later under the same conditions, using the same internationally accredited
laboratory, and obtained similar results for tar, nicotine, and CO.
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1. PURPOSE OF THISREPORT

Thisreport collates and interprets the anaytical results of two New Zea and cigarette brands
(Holiday Special Filter, and Holiday Extra Mild) as tested by L abstat International, Inc.
Canada, for the Ministry of Health.

2. INTRODUCTION

An ESR report in 2000 described priority chemical constituents in cigarette smoke that could
be used to quantify the cancer and non-cancer hazards of cigarettes (1). While the concept of a
'safe cigarette’ iswidely criticised, the basic tenets of toxicology dictate that efforts be made to
reduce the dose, and therefore the effect, of the most hazardous chemicals in cigarette smoke.
Therefore while a‘ safe cigarette’ islikely impossible, a‘reduced risk cigarette’ is plausible.
Thus, moves to reduce exposure to carcinogens, cardiovascular and respiratory toxicants
would be expected to reduce the burden of disease from smoking, al other factors remaining
the same. Thisbasic idea has been reviewed recently by the US National Academy of
Sciences (NAS), where the term “ Potential Reduced-Exposure Products’ (PREPs) has been
proposed (2). In their review, the NAS concluded that “ ...current knowl edge of the dose-
response relationships is sufficient to support risk reduction through exposure reduction as a
goal for the individual through the use of these various products.” Bates (3) suggested that a
reduction in nicotine should accompany areduction in tar, so that the intake of inhaled
toxicants did not increase during a smoker’s compensation for reduced nicotine yield.

The current project aimed to test two brands of New Zeaand cigarettes, purchased from a
retail outlet, using test methods that have been established in overseas health agencies,
establishing an objective method by which hazard compari sons between cigarettes can thereby
be made. This could help form a baseline set of information for use as atemplate for future
testing requirements, if such were desired.

Earlier this year, the Australian Department of Health published alist of hazardous substances
in cigarette smoke, by brand, for 15 brands (4). In 1999, Canadawas the first country to place
chemical information on cigarette brands on their “What’sin Tobacco?’ website through the
British Columbia Ministry of Health (5). The BC data are required by law and updated
annualy. The data published by BC use methods developed and approved by Health Canada,
and the cigarettes tested are available throughout Canada. The New Zealand test results are
compared with those from Australia (2002 data) and Canada (2000 data), as the same testing
|aboratory and test methods were used in all three cases.
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3. METHODS

3.1 Brand selection

It was decided that this project should focus on the brand with the largest overall market share,
and also include the brand in the 'light' or 'mild' category with the largest market share. Using
these criteria, the two brands selected were Holiday Special Filter, and Holiday Extra Mild.
Cigarettes were purchased in four cartons of 200 each for each brand from amajor
supermarket in Wellington on 6 February 2002.

The cigarette cartons were shipped by air freight to Labstat International, Inc. for testing.
Complete test results were made available within six weeks of purchase.

3.2 Intense smoking conditions

We had one brand (HEM) tested for both standard 1SO and ‘intense’ SO smoking machine
yields. The sgnificance of the ‘intense’ 1SO method is that it provides an upper estimate of
the actual intake, under conditions that mimic compensatory smoking behaviour through
blockage of ventilation holes and greater puff volumes and frequency. The method for thisis
that which is used by Health Canada. It neither sets an absolute upper limit on the intake of
chemica constituents, nor does it necessarily provide amore accurate central value. Itis
probable that arealistic central estimate lies somewhere between the ISO and intense methods.

3.3 Chemical constituents tested

A list of priority chemicals for constituent testing was based on the contribution to health risk
identified in aprevious report (1). Thislist isasubset of amuch larger list of 44 chemicals
used by the British Columbia Ministry of Health. The priority list is shown below in Table 1
(next page).
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Table 1.

(from Fowles and Bates, 2000)

Combined list of priority chemicalsin cigarette smoke

Chemical Health Effect Analysed in this study
1,3 — butadiene cancer, reproductive/developmental Yes
Acetaldehyde cancer, respiratory irritation Yes
Acrolein respiratory irritation Yes
Acrylonitrile cancer, respiratory irritation Yes
Arsenic cancer, cardiovascular, Yes
reproductive/developmental
Benzene cancer, reproductive/developmental Yes
Cadmium cancer Yes
Carbon monoxide cardiovascular Yes
Chlorinated Dioxins and Furans | cancer, cardiovascular, No*
reproductive/devel opmental
Chromium (V1) cancer, respiratory irritation Yes
m+ p + o Cresol cardiovascular No
Formaldehyde cancer, respiratory irritation Yes
Hydrogen cyanide cardiovascular Yes
N-nitrosonornicotine (NNN) cancer Yes
N-nitrosodi methylamine cancer No
(NDMA)
N-nitrosopyrrolidine (NP) cancer No
Ammonia Nicotine availability Yes

* Dioxinswere not analysed in the this study, as a subsequent risk assessment indicated that they are not priority contributors
to cancer risk from smoking (OTAG, 2002). Cresolswere not included asthey need a separate analysis tha was not felt to be
judtified, in this project, by their contribution to health risk.

In addition to the compounds listed in Table 1, the following compounds (and pH) were
analysed at the sametime. These are shown below:

e Acetone

e Propionaldehyde

» Butylaldehyde

e Toluene

* Nitrosoanabasine (NAB)
e Sdenium

. pH

Crotonaldehyde

Methyl ethyl ketone
Isoprene
Nitrosoanatabine (NAT)
Nickel

Lead

The results from these additional compounds are tabulated in the raw data report from Labstat,
but no further interpretation is made as they are viewed as additional compounds of uncertain
health significance at the doses received from smoking. While these compounds would be
expected to contribute to the overall toxicity of the smoke, there were no published values that
specifically alowed for the quantification of cancer, cardiovascular, or respiratory risk from
exposure to these compounds. The exception is lead, for which there is a cancer potency
factor available and this was included in the cancer risk estimate. However, the influence of
lead on overall cancer risk was negligible.
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3.4 Analytical testing

The chemical analyses of cigarette smoke and unburned tobacco were conducted by L abstat
International Inc., using accredited methods originally developed by Health Canada.

3.5 Composite hazard estimates

A proportion of cancer risk attributable to the leading carcinogens (T able 1) was assigned by
combining the yield measurements with the respective cancer potency estimate (CPF)
published by the USEPA or California EPA, using the method aready described (1).

Constituent 1 (mg/cigarette) x CPF1 (mg/kg/day™) = cancer risk; (per
cigarette/kg bodywei ght/day)

Table 2. Cancer potency factors and reference exposure

levels used for composite hazard estimates

Chemical CPF (mg/kg/day)-1 (LE/Erhg)

Acetaldehyde 0.01 9

Acrolen 2

Acrylonitrile 1 2

Benzene 0.1

1,3-Butadiene 0.6

Cadmium 15

CcO 10000

Formaldehyde 0.021 2

HCN 3

Lead 0.042

NNN 14

The CPFs and RELs in this table can be found at the California EPA website (6,7).

The most critical cardiovascular toxicants, hydrogen cyanide, arsenic, and carbon monoxide,
were all assessed individually, and are shown as a composite hazard index to published
reference exposure levels (RELs). Similar comparisons were made for the most significant
respiratory toxicants (acrolein, acrylonitrile, acetaldehyde, formaldehyde, and chromium).

Constituent; (pg/cigarette) / REL; (ug/m®) = hazard index (per cigarette/
cu minhaled per day)

3.6 International comparisons

The Australian Department of Health and the British Columbia Ministry of Health each
publish cigarette smoke yield data on websites. All of the available Australian data for 'milds
(n = 13 brands) were used for comparison with the HEM, and an additional 10 'mild' or 'light'
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brands from the BC M OH data (randomly chosen) were also added for comparison. For the
purposes of this report, no distinction was made between cigarettes that were labelled "Light",
"ExtraLight", "UltraLight", "Mild", "ExtraMild", "Super Mild", or "UltraMild".

Similar comparisons were not done for Holiday Specia Filter, as there were only two brands
for comparison in the Australian data, and a so because we did not have intense smoking data
for thisbrand. Instead, the HSF data, using ISO methods, isincluded for comparison with the
equivalent 1SO results from the HEM.

Table 3. The international brands selected for comparison
Australia (2002 data) Canada (2000 data)
Long Beach Mild Benson & Hedges light 100s
L ong Beach UltraMild Rothmans Special Mild King Size
L ong Beach Super Mild Players Extra Light King Size
Peter Jackson Ultra Mild Rothmans Ultra Light King Size
Peter Jackson Super Mild Players Light King Size
Peter Jackson Extra Mild Viscount Extra Mild
Horizon Mild du Maurier Extra Light King Size
Horizon Super Mild Craven A Special Mild Regular
Horizon Ultra Mild Matinee Extra Mild King Size
Holiday 8 Super Mild HP Matinee Slims Extra Mild
Benson & Hedges ExtraMild 8
Winfield Super Mild King Size HP
Winfield ExtraMild 25 HP

The tar to nicotine ratio was used to compare the machine measured yields of the New Zealand
brands with published mean values of the brandsin Table 3 as well as reported yield ratios
from thousands of brands (US NCI, 2001). The T:N ratio has been proposed by researchers as
away to standardise the regulation of cigarettes (NCI, 2001).

3.7 Statistics

All results are expressed as arithmetic mean and standard deviations. Comparisons between
mean val ues were performed using the Student's t-Test (2-tailed) assuming equal variance.
A 95% confidence interval comparison was also performed on the brands reported by
Australiaand Canadain comparison with the New Zea and brand.

3.8 Graphics

The bar graphsin this report are overlaid to show 1SO and intense smoke yields. The intense
smoke yield segment of each bar isin addition to, or inclusive of the ISO part of the bar.
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4. RESULTS

4.1 Cigarette tobacco

In addition to the composition of cigarette smoke, which was the main focus of this project,
severa components of cigarette tobacco were chemically analysed by Labstat International,
Inc. Constituents of unburned tobacco are important because they can influence the
composition of the smoke that isinhaed and they also help to identify the source of the
tobacco (persona communication with Murray Kaiserman, Health Canada 2002). The
unburned cigarette tobacco was anaysed and the results are summarised in Table four below:

Table 4. Cigarette Tobacco Composition (per gram of tobacco)
Constituent tested NZ Holiday Extra Mild | NZ Holiday Special Filter
Nicotine (Lg/g) 16084 (354)° 18465 (506)
Nornicotine (Lg/g) 316 (16) 299 (10)
Anabasine (Lg/g) 91.5(0.3) 105 (5)
Myosmine (Lg/g)

Anatabine (Lg/g) 536 (9) 603 (24)
Nitrate (mg/q) 253(0.43) 1.78 (0.29)
NNN (ng/g) 212 (72) ---P
NAT (ng/g) 281 (32) 331 (28)
NAB (ng/g)

NNK (ng/g) 90-307° 90 —307
Sorbitol (pg/g)

pH 5.30 (0.01) 5.15 (0.01)
Moisture (%) 941 115

Dry matter (%) 90.6 (0.2) 88.5(0.3)

®Data are expressed as averages of three replicates with standard deviations in parentheses. Missing values
indicate the result was below the detectable limit for that constituent.

® The Limit of quantification for NNN was 203 ng/g, and the limit of detection was 61 ng/g.

¢ The Limit of quantification for NNK was 307 ng/g, and the limit of detection was 90 ng/g. NNK was detected
in both brands and in al replicates, but the levels were not quantifiable and are given as the range.

4 The LOD for sorbitol was 82.8 po/g, and al replicates were below this level.

The unburned tobacco did not appear to differ greatly between the two brands. Nicotine
content was dlightly less per gram of tobacco in HEM compared with HSF. On the other hand,
the amount of NNN, an important tobacco-specific nitrosamine, was high enough to be able to
be quantified in HEM but not in HSF, while the concentration of NAT was not significantly
different. The Limit of Quantification (LOQ) for NNN was at alevel close to that reported for
HEM, so the two brands may not actually be greatly different in NNN content. Nitrate levels
were higher in HEM, which, combined with the dightly higher nornicotine content, may help
explain the higher NNN value. The pH value was slightly higher with HEM compared to HSF
(thisis also true of the pH of the smoke, as shown in Table 5 below).
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The US National Cancer Institute (8) published measurements of nicotine content in
American, British, and Canadian cigarettes. Of the brands tested in these countries, the
highest nicotine content per cigarette (18.3 mg) was found in one brand of Canadian
cigarettes, British cigarettes had ahigh of 15.9 mg, and American cigarettes a high of 13.4 mg.
The nicotine content of HSF in this report (18.46 mg/g tobacco) corresponds to alevel of
approximately 13.2 mg/cigarette, assuming a cigarette contains about 0.7 g of tobacco. Thisis
at the high end of the range of American brands tested, and isin the mid-range for Canadian
and British brands. The HEM nicotine content (16.08 mg/g tobacco) corresponds to avalue of
about 11.6 mg per cigarette. There were no equivaent data on unburned tobacco from the
Australia Department of Heal th.

4.2 Cigarette smoke

Table 5 shows the breakdown of cigarette smoke constituent yields for both standard 1ISO
smoking machine methods, and intense smoking yields. Both New Zeaand brands tested

were compared with Canadian and Australian brands as shown (next page).

Table5. Yields of chemicalsin cigarette smoke from Holiday Specia Filter and
Holiday Extra Mild brands of New Zealand cigarettes.
‘Mild’ brands Regular brand

Chemical Holiday Australian British Holiday

Constituent ExtraMild ‘Milds Columbia Special Comments

(N2Z) (n=13) ‘Milds (n=10) | Filter (N2)

Nicotine (mg/cig) 3-fold higher
ISO 0.64 0.72 (0.21)" | 0.85 (0.36) 11 yield with intense
Intense 1.82 196 (0.32) | 2.72(0.52) method

Tar (mg/cig) *HEM >
ISO 9.07 757 (2.50) | 8.02(3.76) 14.3 Australian milds
Intense 32.6* 25.33(3.79) | 32.69 (5.17) (p=0.089 Int.)

Tar:Nicotine *HEM > others
ISO 14.08* 1040 (1.01) | 9.26 (1.01) 13 (p=0.004 150,
Intense 17.92 12,94 (0.81) | 12.22 (1.37) p <0.0005 Int.)

Carbon monoxide *HEM > Aus

(mg/cig) milds (p = 0.04)
ISO 9.31 6.98 (2.0) 8.01 (3.69) 13.6
Intense 26.4* 21.29 (2.16) | 30.99 (4.41)

Cyanide (ug/cig)

ISO 934 70.08 (33.5) | 70.53 (38.8) 138 *HEM > Aus
Intense 282* 230.5(28.8) | 296.9 (37.9) milds (p =0.1)
continued ...
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Table 5 (continued)

‘Mild' brands Regular brand

Chemical Holiday Australian | British Holiday

Constituent ExtraMild | 'Milds Columbia Special Comments

(N2) (n=13) 'Milds (n=10) | Filter (N2)

Acetaldehyde No significant

(Hg/cig) difference across
ISO 424 404 (147) 389 (176) 545 brands
Intense 1198 1098 (152) | 1340 (167)

1,3-Butadiene

(Ho/cig) HEM > BC milds
ISO 354 31.75(11.4) | 22.46 (8.9) 46.9 (p=0.01) intense
Intense 94.6 88.86 (11.3) | 72.28 (7.7)

Ammonia (mg/cig) No significant
ISO 8.45 9.06 (3.28) | 8.19(2.80) differences across
Intense 21.1 21.58 (3.92) | 24.69 (4.68) 111 brands

pH No significant
ISO 6.14 6.09 (0.07) |6.21(0.11) 6.07 difference across
Intense 5.94 5.98 (0.10) brands

Cancer risk (x10-4)

Icigarette/day No significant
1SO 48 4.3(1.6) 3.8(16) 45 difference across
Intense 13.3 12.3(1.6) 135(1.5) brands

Cancer risk:

Nicotine

(risk x 10"-4

/cig/img nicotine/day)

ISO 75 5.6 (1.6) 4.4(0.7) 58 HEM > BC milds
Intense 11.3 9.8 (0.8) 7.2 (0.6) (p =0.001)

Cardiovascular

Hazard Index

(Hl/cigarette/day)

ISO 16 12(055) |1.2(0.67) 24
Intense 48 39(0.69) |5.1(0.84)

Respiratory

Hazard Index

(HI/cigarette/day) HEM > Aus milds
ISO 128 100 (41) 102 (56) 176 (p=0.14Int.)
Intense 381* 305 (46) 387 (61)

! Results are expressed as means with standard deviations in brackets. The NZ brands represent the mean of 5

replicates.

Thevaluesin Table 6 describe the variability in the means within abrand (i.e. HEM and HSF), and
between brands (Australian and Canadian results). It can be seen that the inter-brand variability is far
higher than the variability between replicates (shown for HEM and HSF), which is essentially the
variability inherent in the measurement. All statistical comparisonsto overseas values were done
assuming that a similar degree of variability exists between New Zealand brands and those from

Overseas.
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Table6a. Comparison of coefficients of variation among replicates — Canadian,
Australian, and New Zealand cigarettes.

1SO

Nicotine |Tar CcO
HEM 4.0% 1.9% 3.9%|1 brand, 5 replicates
HSF 3.4% 3.1% 4.4%|1 brand, 5 replicates

Australian | 42-7.0%| 4.7-11.3% 4.9 - 9.1%|Range of 13 brands

Canadian | 35-9.8%| 5.2—15.6% 45 - 8.6%|Range of 10 brands
Intense
Nicotine |Tar CcO
HEM 4.3% 4.8% 3.6%|1 brand, 5 replicates

Australian | 3.2-7.1%| 6.7-11.1% 3.3 - 7.9%| Range of 13 brands

Canadian | 46-84%| 27-121% 1.9 - 9.2%|Range of 10 brands
Coefficient of variation = SD/Mean x 100

Table6b. Coefficient of Variation Between Brands Tested in Australia and Canada

1SO
Nicotine |Tar cO
Canadian 41.9% 47% 46.1%|10 brands
Australian 28.8% 33% 28.5%|13 brands
Intense
Nicotine |Tar coO
Canadian 19.3% 15.8% 14.2%]10 brands
Australian 16.5% 14.9% 10.1%]13 brands

The coefficients of variation for nicotine, tar, and CO among replicates for the HEM and HSF
brands tested were consistent with the ranges of variability reported from Australiaand
Canada (Table 6a).
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Figure 1. Nicotine Yieldsin Holiday ExtraMild, 13 Austraian 'mild’ brands, and 10
Canadian 'mild' brands. The Holiday Special Filter brand is shown for comparison.
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Figure 2. Tar Yieldsin Holiday ExtraMild, 13 Australian 'mild' brands, and 10 Canadian
'mild’ brands. The Holiday Specia Filter brand is shown for comparison.
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Figure 3. Tar:nicotine ratio in Holiday ExtraMild (HEM), 13 Australian 'mild' brands, and 10
Canadian 'mild' brands. The HEM is significantly higher (p = 0.0029) than al other mild
brands examined, and not significantly different than Holiday Special Filter.
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Thetar:nicotine (T:N) ratio (Figure 3) shows a highly significant difference between HEM and
the Australian or Canadian brands. The range of Australian brands for the T:N ratio was 11.9
- 14.5 for intense smoking conditions, compared with 17.92 for HEM. The highest T:N ratio
in the Australian brands was the Holiday 8 Super Mild HP. For the ten Canadian brands, the
range of T:N ratios was 8.8 - 14.9 under intense smoking conditions. The same relative
difference between brands exists whether FTC ISO or intense conditions are used.

Figure 4. Carbon monoxide yieldsin Holiday ExtraMild (HEM), 13 Australian 'mild' brands,
and 10 Canadian (British Columbia) 'mild’ brands. The HEM intense yield was significantly
higher (p = 0.04) than for the 'mild' brands tested by Australia, but lower than the BC brands.
Holiday Specia Filter is also shown.
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Figure 5. Cancer risk contribution from leading carcinogens in smoke from Holiday Extra
Mild (HEM), 13 Australian 'mild’ brands, and 10 Canadian (BC) 'mild' brands. Thereisno
significant difference between the groups of brands and HEM.
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Figure 6. Cancer risk to nicotine ratio in smoke from Holiday Extra Mild (HEM), 13
Australian 'mild' brands, and 10 Canadian (BC) 'mild’ brands. Data are expressed as cancer
risk per mg nicotine per cigarette per day. The HEM has ahighly significant increasein
cancer risk per mg of nicotine compared with BC milds (p = 0.001). The intense smoking
method produced added risks compared to the ISO method even when normalised to the
nicotine yield.
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Figure 7. Cardiovascular toxicants to nicotine ratio in smoke from Holiday Extra Mild (HEM),
13 Austrdian 'mild' brands, and 10 Canadian (BC) 'mild' brands. The HEM was slightly
higher compared with Australian or BC 'milds’ (p = 0.08).
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Figure 8. Respiratory toxicants to nicotine ratio in smoke from Holiday ExtraMild (HEM), 13
Australian 'mild' brands, and 10 Canadian (BC) 'mild' brands. The HEM was significantly
higher compared with Australian or BC 'milds' (p = 0.02).
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5. DISCUSSION

The results from this project show that there are brand and possibly country variationsin
important chemical constituentsin cigarette smoke that contribute to cancer, cardiovascular,
and respiratory diseaserisk. It isaso clear from these results that brands labelled as “mild”
can be just as or even more toxic per milligram of nicotine delivered asregular brands. Thisis
of concern since tobacco products are not tightly regulated for toxic constituent yields, and
particularly since consumers may mistakenly believe that certain brands are less harmful than
others, based on the name of the brand.

A significant issue with the datain this report is batch variability within a product line. While
it may be argued that a single batch of one brand will not capture the "intra-brand” variability,
it should be clear from this report that variability within abrand does not, by itself, explain the
statistical differences seen. It stands to reason, for example, that any variability from batch to
batch would also be reflected in the variability one sees between different brands from
different manufacturers (and from different parts of the world). It should also be noted that a
subsequent testing of these same brands purchased 6 months after thisinitial test showed very
comparable results for tar, nicotine, and CO, such that the results would not change from those
presented here (data shown in Appendix A).

The variability between brands tended to decrease in many of the parameters when intense
yield measurements were taken, which implies that the standard 1SO method introduces
experimental variability in the measurement that resultsin artificial distinctions between brand
yields. Itispossible that different cigarette paper designs (i.e. paper perforations, etc) would
differentially influence the I1SO yields to a greater extent than with intense methods that
occlude ventilation holes.

The cigarettes tested in this report were simply purchased from a single retail outlet, aswe
knew this would represent what a consumer of that brand would experience at that time. For
this reason, the comparability of the New Zealand to Australian and Canadian results could be
guestioned if the sample selection process was not based on retail samples, but without
considerably more sampling and testing of these products, this issue of comparability cannot
be resolved. We can say with confidence that the cigarettes we selected for testing (for that
brand and batch) were significantly different in several parameters involving hazardous
constituents from those reported in Australiaand Canada.

The nicotine, tar and CO levels found in this report are all within the written limits on the
cigarette packets, when standard ISO analytical methods, which the Smoke-free Environments
Regulations 1999 specify should be used for this measurement, are applied. However, if the
intense methods from Health Canada are used, these limits are all exceeded by a considerable
margin. Thisistrue not only of the HEM, but for all brands reported internationally.

It is apparent that the BC cigarettes yield more nicotine, especially under intense smoking
conditions. The BC cigarettes also had a significantly higher CO yield generally than the
Australian brands. The respiratory and cardiovascular toxicant profiles were higher in BC
cigarettes than in Australian brands, but this difference disappeared when the yields were
normalised to nicotineyield. The HEM was comparable to the BC mildsin terms of CO and
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tar yields, but was significantly higher in terms of T:N ratio and in the carcinogen or
respiratory toxicant to nicotine ratio.

The nicotine content of the HSF tobacco was at the high end of the range of val ues reported by
the NCI for American cigarettes, but was comparable to the mid-range of values reported in
Canadian and British cigarettes.

In this report, the statistics on yields are reported as straight values and as values normalised to
mg nicotine. The HEM brand, when nicotine intake is normalised, was significantly outside
the Canadian and Australian group means for tar, as well as for cancer risk, cardiovascular,
and respiratory risk. It has been argued for many years that smokers adjust their smoking
behaviour to accommodate different nicotine yields (9). Therefore, this may be an improved
way to assess the actual hazard posed to consumers.

Datain this report shows that nicotine yield varies greatly between standard 1SO and ‘intense’
conditions. However, normalising constituent measurements to that of the nicotine yield
removes much of the difference for a given measurement. The T:N ratio was also consistent
across different brands in both Australiaand Canada, which impliesthat thisisafairly stable
parameter. The US National Cancer Institute reportsthat T:N ratios for 2052 brands of
cigarettes ranges up to amean of 15.8 for high tar cigarettes. Rickert and associates (10)
found that light and ultralight cigarettes smoked under intense conditions had T:N ratios of
11.9 and 12.2, respectively. These valuesdid not differ from each other significantly, and are
entirely consistent with the T:N ratios found for the Australian and Canadian brands tested in
thisreport. However, the HEM cigarettes tested in this study had significantly higher T:N
ratios (14.08 and 17.92 for standard SO and intense conditions, respectively) than other
brandsin thisreport. The T:N ratio for this brand smoked intensely (17.92) was higher than
mean ratios of various tar yield cigarettes reported for over 2052 brandsin the USA (8). If
such a difference can be explained by inter-batch variability, this calls into question why such
variability exists, and what the potential health implications are of such variability for
smokers.

Historical dataon T:N ratios in Australia provide additional context for the current results.
Dataon T:N ratios from 1980 ranged from 8.5:1 to 16.3:1 with amean of 11.94:1. For the
1994 data set, T:N ratios ranged from 5.56:1 to 12.44:1 with amean of 9.03:1. These results
are for samples of Australian cigarettes from three manufacturers and for standard test yields
(Cancer Council of Victoria, 2002).

The formation of a composite value for cancer risk, cardiovascular risk, and respiratory risk,
assists in the evaluation of hazards from different brands. Thisidea has been proposed
previously (Rickert 2000), using occupational workplace standards for the various constituents
asabasisfor risk evaluation. However, the workplace standards are not ideally suited for this
type of use as they do not represent absolute thresholds for the onset of adverse effects, and
the methodology used for many cannot be reproduced independently. In addition, the
occupational standards cannot account for low dose effects of genotoxic carcinogens. The
specific indices used in this report have no international precedent, but we believe such
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measures facilitate the interpretation of complex analytical data with many compoundsin
smoke that contribute to given adverse health outcomes. All of the reference values and
cancer potency factors are publicly available and are suited for risk assessment of air pollutant
sources. The results show that the composite risk values, normalised to nicotine yield, are
dependent upon the type of smoking method used. These measures are proposed for usein
interpreting the hazards from constituents in any future cigarette smoke-testing programme.
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Appendix A.

6-month follow-up sampling of the HSF and HEM brands for nicotine, tar, and carbon

monoxide levels.

Comparison of cigarette smoke yields

Feb-02  Aug-02 Feb-02  Aug-02 Feb-02  Aug-02 Feb-02  Aug-02
ISO Nicotine  Nicotine  Tar Tar CO CO T:N T:N
Holiday Special Filter 11 0.94 14.3 12.7 13.6 12.3 13 13.5
Holiday Extra Mild 0.64 0.63 9.07 8.8 9.3 9.4 14.08 13.9
Intense
Holiday Special Filter |nd 2.22|nd 31.7|nd 25.9|nd 14.3
Holiday Extra Mild 1.82 1.72 32.6 28.6 26.4 26.5 17.9 16.6
nd = not determined
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