
New factory 
not a recipe for 
smog 
The construction of an 
$85 million Ooat-glass plant in 
Sydney will go ahead. after 
CStRO research indicated that 
nitrogen oxides released by the 
plant - 1200 tOnnes a year 
would not add to the city's 
photochemical smog problem. 

Paradoxically, the 
glassworks' emissions will 

actually cause a slight decrease 
in 01.one levels nearby, 
according to a model of smog 
behaviour by CSIRO scient ist 
Mr Graham Johnson, which he 
submitted to a Commission of 
Inquiry set up to investigate 
the proposed Pilkington-ACI 
development. 

The site for the plant -
lngleburn, in Sydney's 
south-west - is in a region 
where the city's highest smog 
levels arc recorded. At full 
production of 2500 tonnes of 
glass a week, the plant (which 
resembles one the company 
operates at Oandenong, Vie.) 
wi ll emit 1·6% of all the 
nitrogen oxides discharged 
into the Sydney basin. 

The nitrogen oxides in the 
stack gas will comprise 95% 
nitric oxide (NO) and 5% 
nitrogen dioxide (N02) . They 
come from heating air to the 
high temperatures needed to 

melt the raw materials-sand, 
limestone, dolomite, soda ash , 
and sodium sulfate. 

In the furnace, plate glass is 
made by drawing a continuous 
sheet of glass from the melt, 
which floats on a bath of 
molten tin. This high-quality 
plate glass is much in demand 

A trend in Sydney's air 
ratio NMHC:NO, 

for glazing shop and office 
windows. 

The oxides of nitrogen 
(NO,), in particular N02, are 
toxic, and the National Health 
and Medical Research Council 
(NHMRC) has specified a 
maximum ground-level 
concentration or 16 pans per 
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As Sydney reduces its emissions or non-methane hydrocarbons 
(NMHC), the ratio of NMHC : NO, falls. With the rlltio now 
weU below9·4, production ufphotochcmical smog Is now limited 
by the amount of sunlight. Adding NO, cannot increase smog 
levels. 
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·n,c CStRO smog chambers (two transparent bOICCl> thut cnn be moved between full sun nnd full 
shade) provided the uodcr..tunding or smog chemistry that allowed the new factory's effect on 
~mog to be predicted. 

hundred million. The 
NIIMRC recommends that 
th1~ level , measured as a 
l· hour average, should not he 
exceeded more than once per 
mon th. 

Oecause of complex tcrrmn 
m the CampbeUtown valley 
near l nglebum. the rcsuhmg 
meteorological cond1t1on~ 
mcludmg the coming and 
going of mvcrsion layer; th;u 
stop pollutants rising out of 
harm's w<~y- are irregular. 
Nevertheless , on the basis of a 
number of differen t analy .. :'>, 

the State Pollution Control 
Commission (SPCC) m it~ 

submission to the I nqu1ry 
concluded th<ll the NO, levels 
in the area (which arc 
relatively low to begin with) 
will not go above the NI IMRC 
hmit no maHcr what the 
meteorological condition, . 

A 75-m-high ch1mnc) 
should ensure that. even when 
the plant is producing tinted 
glass and NO, cnu>~tons ore 
highest , ground-level 
concentr<~UOns remam below 
the accepted thrc~hold 
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The amount of primary smog product (PSP) increa'Cl> linearly 
until the smog reuction runs out of NO, . The impact of adding 
eX1ra NO, depends on whether the smoggy air i~ in the 
light· limiled phase or the 0,-limited one. 
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A more difficult 
consideration is the effect on 
ozone level\. SPCC figures 
show that 44% or all daily 
maximum ozone levels it 
recorded (above o 6 p .p.h.m. 
threshold) from 1982183 to 
1985/86 occurred m the 
Campbelltown area. During 
the summer of 1986187 the 
region cxpcncnced ozone 
concentrations above 12 
p.p.h.m. (the NIIMRC 
standa rd) on 3 days. whereas 
only two monitoring stations 
outside the region recorded 
leveb above th1~ threshold, 
and then onl) on I da) 

llte mcchan1\m~ leading to 
photochemical \mog. of which 
ozone is the most significant 
component , arc complex. The 
essential ingredients 
(precursors) are non-methane 
hydrocarbon~ (NMHC) and 
NO •. but the outcome of their 
reaction depend) on the initial 
concentr.lli<)n, , temperature. 
amount of sunshine, 
meteorological factors, and 
time spe nt together. 

it's difficult to predict the 
result of chan!\ing NO, levels. 
for example. llccause of an 
almost p;tr;ldOXICUI relation of 
070ne ~nd nttricoxide. A trace 

of nitnc oxide is essential for 
smog reactiOns to proceed, yet 
nitric oxide and ozone rapidly 
react to annihila te each other. 

When a fresh emission of 
nit ric oxide is made to an air 
parcel containing ozone, the 
initial effect is for ozone to be 
consumed. Yet. at a later stage 
in the reaction when ozone 
production is inhibited 
through lack of nitric oxide. 
additional NO. emission can 
cause ozone production to 
resu me . 

Studies over the past decade 
by Mr Johnson and his 
colleague~ at the CStRO 
Division of Foss1l Fuels have 
unravelled what is going on. 
u~tng a pair of transparent 
'smog chambers', they have 
acquired a much clearer 
undcr~tanding of smog 
chemistry. and this makes 1t 
relatively easy to predict what 
the effect of additional sourco:s 
or precursors will be. 

The key to simpltfymg the 
dcscript ion is to u~e the right 
vnnablc. Instead of focusing 
on the concen1 ration of ozone. 
Mr Johnson replaces it with a 
new vnriable called PSP 
(Primary Smog Product) 
concentration. PSP rcpre,cnt~ 
the amount or oxygen 
consumed hy smog reaction<, 
und equals the sum of the nitric 
oxide consumed plus the 
ozone produced. 

The advantagcofusing it as 
a meu~ure of smog actiVItY i' 
that the entire smog-
forrmng process can then be 
descrillcd u~ing only two m am 
vanablcs: the PSP 
concentration and the amount 
or light to which the ai r has 
been exposed. 

Furthermore. if PSP i< 
plotted against accumulated 
sun~hmc , two phases of smog 
formation are observed The 
fir..t, the hght·limitcd regime. 
see~ PSP increase linearly with 
the quantity or hydrocarbon~ 
1n the air and the amount of 
light since daybreak. Provided 
there is sufficient sunlight, a 
~econd phn,c. the NO,·hmllcd 
regime. occur;. 1lru. is where 
PSI> production ceases and the 



ozone concentration reaches a 
plateau. 

The existence of the plateau 
reflects the fact that there is a 
maximum PSP, or smog 
density, that a given set of 
precursors can produce. And 
Mr Johnson's smog-chamber 
experiments demonstrated 
that this maximum smog level 
depends only on the amount of 
nitrogen oxides emitted into 
the air. 

When air has a low 
NMHC : NO, ratio the smog 
reactions proceed for a long 
time and at a rate as fast as the 
available Jjghi (and 
temperature and 
hydrocarbons) will permit (it is 
in the light-limited regime). 
Conversely, a high ratio means 
that the reactions are soon 

constrained by the availability 
of NO, (i t is in the NO,-Iimited 
regime). 

Now we can see that the 

impact of fresh nitric oxide 
emissions depends on the 
prevailing regime. For 
light-limited air parcels, extra 
nitric oxide only reduces the 
ozone concentrations. But for 
air parcels that arc 
NO,-Iimited (or would be so 
by the end of the day), the 
initial lowering of ozone is 
followed by resumed PSP 
production, which , in time, 
can produce higher ozone 
concentrations. 

lt boils down to determining 
if and when the transition from 
light-limited io NO,-Iimited 
regime occurs. Mr Johnson's 
smog-chamber experiments 

have provided the necessary 
mathematical tool - a set of 
formulas he calls the 
Integrated Empirical Rate 
(l.E.R.) model- to do just 

this. 
In its submission, the SPCC 

applied the l.E.R. model to 
the range of conditions found 
in the Sydney basin . lt 
concluded that, provided the 
NMHC : NO, ratio of the air 
remained below a critical value 
of 9·4, then the maximum 
concentration of ozone would 
always be limited by the 
amount of sunlight. Even in 

summer the NO.·Iimited 
regime would not be reached 
before the end of the day. 

In 1976, Sydney had a 
NMHC : NO, ratio of 10, but 
as a result of its 

hydrocarbon-control program 
the value has been steadi ly 
decreasing, and is currently 
about 6·9. By 1996, with 
further emission controls, the 
ratio is expected to be about 
5·6. 

With Sydney's air poUution 
firmly in the light-limited 
regime, the outcome of the 
float-glass plant adding extra 
NO, to the air is a decrease in 
ozone levels, not an increase. 
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