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concentrations as low as 0.23ppm, combined with smoke at 750 micrograms per cubic

metre cause a detectable rise in mortality.

SO; itself can cause respiratory problems, especially in children and the elderly, which
include bronchitis, asthma, irritation of the trachea and airways resistance. SO, at
ambient concentrations in isolation is not considered harmful unless in synergy with dust

or high humidity 530111,

3.3.6 HEALTH EFFECTS OF EXPOSURE TO PARTICULATE MATTER

Investigations into the health effects of diesel PM have included laboratory testing and
both short- and long-term epidemiological studies. Laboratory studies have generally
focussed on carcinogenicity, either through the use of bacterial assays such as the Ames
test or dose threshold testing on rats. These methodologies have in turn focussed on the
hydrocarbons adsorbea onto PM, particularly PAH compounds such as those presented
in Table 3 above, as being the likely precursors for mutagenesis (gene mutation) leading

{0 cancer.

In 1997, scientists at Kyoto University isolated a substance from diesel engine particulate
matter, 3-nitrobenzantrrone that gave the highest ever carcinogenicity rating on the
Ames test at that time 7). Exposure of rats to high doses of PM has also indicated an
increased risk of lung cancer. Indeed, it was on the basis of such results that the
International Agency for Research on cancer (IARC) classified diesel exhaust as a Group
2A carcinogen in 1989 ®3 This classification is based on sufficient evidence of
carcinogenicity in experimental animals but limited evidence in humans thus clearly
identifying diesel exhaust as at least a potential human carcinogen. These results have
been interpreted with caution, as the validity of extrapolating the findings of animal

bioassays to the physiology of human beings is often tenuous.

Morgan et al ®® report on a study where rats were exposed to both diesel exhaust and
carbon black which was mutagen-poor, that is, would not have indicated carcinogenicity
in the Ames test by causing Salmonella bacteria to mutate. The incidence of tumours

between both groups of rats was roughly equal, with carbon black slightly more
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4.1.1 TEST ENGINES

Table 15 lists the test engines used in the programme and their ratings. More complete
specifications are presented in APPENDIX H. These engines represent a variety of

applications in both the mining and transportation industries.

The first 3 engines (A-C) listed in Table 15, the so-called 3-series engines, represent the
1 litre per cylinder range produced by ADE while engines D-F, the so-called 4 series
engines, represent the 2 litre per cylinder range. There are 2 litre per cylinder engines
with larger total capacities in the V-engine configuration that are not represented because

the dynamometer facilities available were unsuitable for engines of this size.

Turbocharged engines are represented in both the 3 and 4-series types by the 364T and
the 447T7. Information from the manufacturer indicates that there are two levels of
technology in the market place, the old technology, which has been discontinued, and the
latest technology. The long life of diesel engines will ensure that a large number of the old
technology engines will remain in use for some time to come. The old technology is
represented by the 314N and the 407N, the other test engines being the more recent
technology since 1987. Production of the 314N was started in 1981 and was discontinued
in 1991. Production of its more recent technology equivalent, the 364N, started in 1987.

All the engines tested had an in-line cylinder configuration and were of the direct injection

type. Fuel pump delivery and timing were factory set for sea level conditions.

Table 15: Test Engine Specifications
No. | Engine Type Aspiration Capacity Rated Power Max. Torque
A ADE 314N natural 3.780 litres 58kW 220 Nm
B ADE 364N natural 3.972 litres 66 kW 269 Nm
o ADE 364T turbocharged 3.972 litres 85 kW 387 Nm
D ADE 407N natural 11.412 litres 149 kW 709 Nm
E ADE 447N natural 11.967 litres 177 kW 833 Nm
F ADE 447T turbocharged 11.967 litres 213 kW 1292 Nm
G ADE 447Tl | Turbo-intercooled | 11.967 litres 294 kW 1700 Nm
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After the test dichloromethane extracts, the aqueous layer of the solution, and the
organic layer evaporated to leave the derivatives in a dry residue.
The dry derivatives are then dissolved in methanol, separated and guantified by high-

pressure liquid chromatography (HPLC).

The method used for the diesel engines differed in the following major respects from that

used for the gasoline vehicle tests of the VEP:

Raw exhaust was sampled directly from the exhaust pipe and directed to the
washbottles containing the DNPH solution via heated stainless steel lines at 60 °C to
80 °C.

The use of raw exhaust necessitated a far more concentrated DNPH solution of 1:1
with distilled water instead of 1:20 because other exhaust components like NO, can
react preferentially with the DNPH and can deplete the reagent.

The sample was taken in 13 discrete steps weighted by the factors presented in Table

20 above.

4.3.6 PROCEDURE FOR UNREGULATED VOLATILE ORGANIC COMPOUNDS

The VOCs methane, benzene and 1,3 butadiene were also determined from a cumulative

sample of exhaust gas. The method to determine these emissions was again similar to

that of the gasoline passenger vehicle tests in the VEP. (1% Dilute exhaust gas was

sampled into a teflon bag from which a sample was taken for concentration analysis. The

sample had to be dilute to prevent condensation of the hydrocarbons. The basic

procedure was as foliows:

During the test a dilute sampie of exhaust gas was sampled directly from the
particulate dilution tunnel for a period proportional to the appropriate weighting factor
for that mode. Sampling time was the same as for the particulate determination

because the dilution ratio was the same.

The sample for each mode was pumped into the bag where it mixed with the other
samples giving a cumulative weighted concentration of each species at the end of the

test.
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evaluated between the fuel sulphur level of the test fuel and zero. That is to say, for zero

fuel sulphur the interpolation will return a value of zero SO,.

The relationship between fuel suiphur level and PM is discussed in detail in Section 3.6.1
of CHAPTER 3 as regards findings in the literature and in Section 7.1.6 of CHAPTER 7
as regards findings specific to this study. It was decided to compare three models of the
fuel sulphur effect on PM emissions from heavy-duty diesel engines. Light-duty diesel
emissions were modelled with Equation 26 for all scenarios. The heavy-duty models
applied were Equation 25 (COPERT Ill), Equation 24 (AVL) and the seven equations
derived from the experimental study and presented in Figure 52. The comparative results

from these three models are presented below in Figure 49.

vi. A Regulation Compliant Vehicle Park (Euro 1 -3)

This scenario modelled the effect of importing European regulation compliant vehicles.

Three tiers of regulation were assessed, the so-called Euro |, Il and Ill limits #7499 for
both heavy-duty commercials (load specific limits in g/kW.h) and light commercials
(distance-specific emissions in g/km). The heavy-duty limits are presented in APPENDIX
D1. A formula toggle in the model allowed the test data from the baseline model to be
simply substituted with the limit values, but only if smaller than the test data. It is of
course true that vehicle ageing effects are not taken into account in any comparison of
these scenarios with the baseline. It was assumed though that similar ageing effects
would influence the population once compliant vehicles have replaced the current
population and that a relative comparison (percentage difference) taking no account of

ageing is thus approximately valid.

vii. Conversion of the Vehicle Park to CNG-Fuelled Engines
This scenario was viewed as of great strategic importance in the light of the rapid growth
of the Natural Gas industry in South Africa % and the growth in gas vehicle conversion in
general, although this has been mostly light-duty conversions to LPG. LPG is an oil
refining by-product that is mostly pentane and butane. A current surplus and low retail
price have made it an attractive fuel for captive fleets. CNG has, however, become the
alternative fuel of choice for heavy-duty gas applications globally. The data set used to
model this scenario was rot rigorous and was generated from data for only one engine

{57

reported by MAN for their 11.97 litre natural gas engine ) This data is presented in

Table 8 in Section 3.5 which deals with the effects of engine technology on emissions.
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measurements indicated consistently elevated formaldehyde emissions, particularly when
fuelled by Highveld Diesel C and the Reference Fuel. Acetaldehyde emissions were also
somewhat lower than predicted by COPERT except again for the case of the 447N.

Overall, while a useful learning process was undertaken, none of the VOC speciation
results obtained show the potential to offer more reliable estimates than those in the
literature. Certainly unless the lessons learned are applied in a revised national
programme to generate new data, inventory modellers could do worse than apply the

COPERT emission factors discussed above.
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emissions calculated by the modelling study would at least double if ageing effects
were accounted for. This brings the result more in line with UK 1990 levels plus
30%, which is a more likely scenario. As is the case with HC, emissions the
emissions factors calculated show good agreement with most international data
presented in APPENDIX G.

o CO emissions fall within the range of CORINAIR data presented but again are
probably underestimated for the same reasons as discussed for PM and HC,

emissions,

. There is good acreement between the NO, emissions calculated and the
CORINAIR results. Ageing and poor maintenance effects are not as profound in
the case of NO, emissions as for other emissions. This is discussed in more detail
in Section 3.7.5. The total NOy emissions calculated can therefore be viewed with

a relatively high degree of confidence.

° SO, emissions are fuel derived and are therefore also likely to be reliable.
Comparison of the total SO, emissions calculated in the modelling study with the
CORINAIR data above reflect the differing legislated fuel sulphur levels in those
countries. Sweden has a very low legislated fuel sulphur level of 0.005% weight as
compared with 0.55% in South Africa (somewhat mitigated by synthetic fuel). This
accounts for the large discrepancy with the Swedish inventory results.

7.2.2 DISCUSSION OF THE SCENARIO MODELLING

The results of modelling the effect of various scenarios on the national emission inventory
for commercial vehicles are presented in Section 6.2.2. These results are discussed

respectively below:

7.2.2.1 EFFECT OF THE SYNTHETIC FUEL INDUSTRY

South Africa is an acknowledged world leader in this industry. Currently this has a very
emissions positive effect as indicated by the modelling results. This is primarily due to the
very low sulphur levels of synthetic fuels. Although this effect will diminish with reduced

crude-derived sulphur levels, the synthetic industry has made further strides in the
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APPENDIXD EUROPEAN AND US EMISSIONS CYCLES AND REGULATED
LIMITS

The heavy-duty diesel test cycles applied in Europe and the US are presented below

along with the regulated limits that pertain to them.

APPENDIX D1 EUROPEAN CYCLES AND LIMITS

European regulated emissions limits have been steadily lowered and lower limits are
proposed for the future. These Tiers of regulations have become known as “Euro”
standards and are numbered as shown below in Table D - 1 according to their date of
implementation. Test cycles have also been updated and now include transient testing for
which limits are shown below in Table D - 2. The indicated test cycles are discussed

below.

Table D-1:  European Union Steady-State Emissions Standards for Heavy Duty Diesel Engines “

g/kWh (smoke in m™)
Tier | Date & Category | TestCycle|CO| HC |NOx| PM | Smoke
Euro |l (1992, <85 kW ECER-49 (45| 1.1 | 8.0 |0.612
1992, >85 kW 451180 | 036
Euro Il |1996.10 40|11 ]7.0 025
1998.10 40{11 7.0 | 015
Euro 11l [1999.10, EEVs orly [ESC & ELR|1.5|0.25] 20 | 0.02 | 0.15
2000.10 ESC&ELR|2.1|0.66| 5.0 | 0.10 0.8
0.13*
Euro 1V 2005.10 1.510.46| 3.5 | 0.02 0.5
Euro V 2008.10 1.5/046| 2.0 | 0.02 0.5
* . for engines of less than 0.75 dm’ swept volume per cylinder and a rated power
speed of more than 3000 min’


















































































































































































































































































































