
Sydney's brown haze 
Sydney-siders find it hard to remember when they saw 
their city's first full-blown case of brown haze. It's 
something that, like old age, just crept up on them. 

For those unfamiliar with the phenom­
enon, brown haze is, as its name suggests, 
a murky layer of polluted air that often 
hangs over the city on crisp, and other­
wise clear, calm mornings from autumn 
to spring. That it rarely appears in sum­
mer is one of the clues to tracking down 
its cause. 

A good case of brown haze can cover 
the whole of Sydney's urban area and 
stretch 65 km out to sea. T o the inter­
national traveller it's often the first (and 
last) view they catch of the city. 

Certainly the malady has become more 
acute as the city has grown. More people, 
more cars, more industry — all have con­
tributed to the build-up, which will prob­
ably get worse before it gets better. 

The brown haze that greets the popu­
lation at first light is an obvious mani­
festation of air pollution. It thickens 
visibly at the time of the morning traffic 
peak. As such, it differs from that other 
breed of air pollution known as photo­
chemical smog. This requires gaseous 
pollution products to stew together for 
some hours in the presence of sunlight 
to form ozone and other noxious com­
pounds. Photochemical smog doesn't de­
velop fully until noon; it occurs mostly 
in summer when sunlight is strong; and 
its effects on visibility are likely to be much 
less. 

12 

The haze will probably get 
worse before it gets better. 

The explanation is that photochemical 
smog is predominantly gaseous, whereas 
brown haze is predominantly a suspen­
sion of numerous fine particles (an aer­
osol) . Ironically, the largely invisible 
photochemical smog can, in high con­
centrations, have decidedly adverse effects 
on your health; brown haze is free of ozone 
and, so far as we know, no harmful effects 
on health can be positively attributed to 
it. 

Brown haze is a closer relative of the 
true 'smog" (smoke and fog) of London 
in the fifties and sixties. It lacks the fog 
element, although there's some water ad­
sorbed onto the particles; if s also less 
concentrated, and lacks the sulfur dioxide 
and large sooty particles of the London 
pea-souper — a pea broth, perhaps? 

One of the reasons that long-time Syd­
ney residents failed to notice brown haze 
decades ago was that smoke obscured it! 
Modern pollution-control regulations 
prohibit strong smoke emissions: electro­
static precipitators are used to catch the 
large sooty smoke particles. But some fine 

particles do escape, and these contribute 
to that characteristically dirty-brown haze. 

More brown hazes 

Brown haze is, of course, not unique to 
Sydney. Any other large industrial met­
ropolis is susceptible to its visitations. 
Residents of Melbourne, Brisbane, and 
Adelaide are, in varying degrees, familiar 
with its appearance. Many overseas cities 
are no strangers to it, either. 

Yet, it is true that Sydney's geography 
and latitude predispose it to more fre­
quent occurrences of the phenomenon 
than most other places.  These factors 
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Sydney immersed in brown haze. 



cont r ibute to a particular m e t e o r o l o g i c a l 

c o n d i t i o n t ha t u n d e r l i e s t h e h a z e ' s 

o c c u r r e n c e . 

M r D a v i d W i l l i a m s o f the C S I R O D i v i ­

s ion o f F o s s i l F u e l s at N o r t h R y d e , Syd­

ney , has been s tudying the nature and 

o r ig in o f the haze s ince 1975 . T h e study 

is part o f a larger research p rog ram o n 

a t m o s p h e r i c p o l l u t i o n at the D i v i s i o n 

u n d e r t h e d i r e c t i o n o f D r M a u r i c e 

M u l c a h y . A n u m b e r o f other scientists are 

n o w also invo lved , i n c l u d i n g s o m e f rom 

M a c q u a r i e Univers i ty ' s S c h o o l o f Earth 

S c i e n c e s . 

T h e State P o l l u t i o n C o n t r o l C o m m i s ­

s i o n ( S P C C ) is h e l p i n g to f u n d t he 

research. 

About one-quarter of the haze's effect on 
visibility can be attributed to vehicle 
emissions. 

A particular meteorological 
condition underlies the haze's 
occurrence. 

A h igh-vo lume sampler passed 1 • 5 c u m 

o f haze a minu te th rough fine glass-fibre 

filters. After the haze had passed th rough 

this unit for 2 hours , s o m e 10 m g , m o r e 

or less , o f grey material had b e e n l o d g e d 

o n the filter, and it was ready for analysis 

b y a v a r i e t y o f s e n s i t i v e a n a l y t i c a l 

t echn iques . 

A l o w - v o l u m e uni t sampled 2 0 L o f air 

(0 • 02 c u m ) a minu te for about 4 hour s . 

After part icles larger than about 1 µm had 

been r e m o v e d , the air was fo rced th rough 

very f ine filters (with a stated pore size o f 

0 • 4 µm). A n X-ray t echn ique was used 

to a n a l y s e the ve ry s m a l l a m o u n t o f 

material c o l l e c t e d o n them. 

T h e idea o f u s ing the t w o units was to 

a l l o w the c o m p o s i t i o n o f the fine-particle 

fraction to be c o m p a r e d wi th that o f the 

coarser o n e . T o he lp in character iz ing the 

part icles , s ampl ing sess ions were under­

taken in the Cah i l l Expressway tunnel 

(to see what cars were emitt ing) and dur ing 

a bushfire in the Ku- r ing-ga i Chase (to 

see what bu rn ing vegeta t ion gave rise t o ) . 

The top five lines of the table have been 
arrived at from measurements of tracer 
substances. Arithmetic (summing to 
100%) gives the bottom line. 

T h e used filters were stored in a lumin­

i u m bags prior to analysis, and M r W i l ­

l i a m s has f o u n d that , o v e r t i m e , the 

c o l l e c t e d material c a n cause the a lumin­

i u m to pit and c o r r o d e . T h i s m a y say 

s o m e t h i n g about the poss ib l e effects o n 

p e o p l e ' s l ungs , and suggests the n e e d for 

further invest igat ion. 

F o u r s a m p l i n g s e s s i o n s , e a c h o f 6 

weeks ' durat ion, have been carr ied ou t so 

far: in the autumn in 1 9 7 8 , 1 9 7 9 , and 1980, 

and the spring o f 1978 . 

A n ins t rumented aircraft w a s a l so e m ­

p l o y e d to fly t h rough the haze and char-

M r W i l l i a m s and his team o f scientists 

have f o u n d that b r o w n haze is caused by 

minute suspended particles, 8 0 % o f w h i c h 

are l ess than 1 • 5 m i c r o m e t r e s i n d ia­

meter . S o m e larger part icles u p to 5 µm 

across are a l so present, but b e y o n d that 

size the part icles s o o n settle ou t (as soo t ) . 

A decen t ep i sode o f b r o w n haze c o n ­

tains 50 µg o f minu te part icles per c u b i c 

metre o f air. R o u g h l y , that means e a c h 

c u b i c metre con ta ins a b i l l i on suspended 

part icles. It is the ability o f these myr iad 

part icles to scatter l ight that reduces visi­

bility, s o m e t i m e s to less than 6 k m . 

M r Wi l l i ams ' experimental strategy was 

to m o n i t o r haze in tens i t i e s at severa l 

s e l e c t e d s i tes t h r o u g h o u t the S y d n e y 

r e g i o n . T h e intensity was measured by 

a nephe lomete r , a dev ice that detects the 

a m o u n t o f l ight f rom a bright x e n o n flash 

t u b e that is s ca t t e r ed b y the a e r o s o l 

part icles. 

Sifting the evidence 

A t the same sites, air samplers sucked the 

haze t h r o u g h f ine filters. T h e air w a s 

sampled 6 m above the g r o u n d to avoid 

contaminat ion by dust stirred u p by nearby 

activit ies. 
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Burning vegetation — bushfiresand ±
backyard incinerators — coMribfttre^ 
about 10% of the brown haze^Jp^ 

What causes the haze? 

source contribution 
weight (%) haziness (%) 

sea salt 17 3 

motor vehicles 17 24 

burning vegetation 
(bushfires and 
backyards) 

10 10 

soil dust 4 <1 

cement dust <1 <1 

process heating, 
refuse incineration, 
and other sources 

52 62 



An aircraft was used to measure the 
density of the haze on the morning of 
May 8, 1978. The contours indicate that 
strong sources exist near the centre of 
the city. 

a c t e r i z e its c o m p o s i t i o n and d e n s i t y . 

B e c a u s e o f the dense air traffic over Syd­

ney, the aircraft was s e l d o m a l l owed to 

travel w h e r e the scientists w o u l d l ike . I n 

particular, they frequently f o u n d it frus­

trating n o t b e i n g ab le to d e s c e n d l o w 

e n o u g h to get in to the pol lu ted layer, ex ­

cep t over water and at B a n k s t o w n and 

H o x t o n Park air strips. Nevertheless , maps 

reveal ing the densi ty o f the haze over w i d e 

areas o f Sydney were p r o d u c e d f rom the 

aircraft fl ights o n a n u m b e r o f o c c a s i o n s . 

T h e y s h o w several l oca l i zed sources o f 

emiss ions . O n e such m a p is s h o w n o n this 

page . 

Ana lys i s o f the m o r e than 2 0 0 0 samples 

is still c o n t i n u i n g , a l t hough suff ic ient 

w o r k has been d o n e to enable s o m e c o n ­

c l u s i o n s about the o r ig in o f the haze to 

be drawn. 

B o t h the ground-based and air-derived 

measurements revealed that the haze is 

remarkably u n i f o r m , sugges t ing that it 

der ives f rom n u m e r o u s s o u r c e s . H o w ­

ever, greater haze levels frequently sur­

r o u n d the industrial areas o f Matravi l le , 

Silverwater, and Ba lmain , s ing l ing t h e m 

out as sources o f s t rong emis s ions . 

W h a t causes it? 

C h e m i c a l analysis o f the haze a l l ows the 

general source o f the part icles — whether 

they or iginate f rom cars, bo i le rs , or what­

ever — to b e tracked d o w n . H o w e v e r , b e ­

fore w e l o o k at this aspect, r emember that 

e a c h bus ine s s day the s a m e po l lu t an t 

stream pours forth in to the air. W h e t h e r 

a haze is evident o n any o n e day is de­

te rmined by m e t e o r o l o g i c a l factors. 

D r R o b e r t H y d e and c o l l e a g u e s at M a c -

quarie Univers i ty have invest igated this 

angle and have found out w h y the haze 

o n l y forms o n c o o l , c a l m m o r n i n g s . 

D u r i n g the l o n g nights o f the c o o l e r 

m o n t h s w h e n there is a c lear sky and little 

w ind , a c o l d layer o f air, 150 to 300 m deep , 

fo rms o n the g round . Pol lutants b e c o m e 

trapped in this layer. 

T h e air in it is c o l d e r and heavier than 

air over the sea, and so tends to drain d o w n 

the Paramatta River valley, b e g i n n i n g in 

the Blue Mounta ins and f lowing d o w n and 

o u t past the Heads . A s the graph at the 

top o f page 15 s h o w s , wheneve r this west­

erly 'drainage f l o w ' establishes itself, haze 

levels rise. 

An instrumented aircraft flew 
through the haze. 

T h e f l o w , and haze, con t inues unti l it 

is d ispersed by a breeze or by the sun 's 

heat ing and the result ing turbulence . 

O n e in te res t ing a spec t is that haze 

levels can be very h igh at night. T h i s c o u l d 

be caused by rec i rcula t ion o f pol lutants 

f rom the previous day. A n even ing sea 

breeze b l o w s pollutants in land, then they 

m o v e back to the coas t w h e n drainage 

c o n d i t i o n s are e s t ab l i shed . C o m e the 

m o r n i n g , the ci ty air is set to rece ive a 

d o u b l e d o s e o f pollutants . 

Of the brown haze particles, 
80% are less than 1 .5 
micrometres in diameter. 

W h a t ' s in it? 

T h e general uniformity o f the haze s h o w s 

up in the c h e m i c a l analyses . T h e e le­

menta l c o m p o s i t i o n s remain fairly steady, 

and even the percentages o f fine and coarse 

particles remain relatively cons tan t t o o . 

T h e results o f analysis so far indicate 

that ca rbon is by far the major e lement 

in the haze, con t r ibu t ing about 3 0 % by 

weigh t . S o m e 2 4 % is e lementa l ca rbon ; 

6% is present i n an o rgan ic form. 

Other c o m p o n e n t s , in decreas ing abun­

dance , were f o u n d to be sulfate ( 1 2 % ) , 

s o d i u m ( 9 % ) , nitrate ( 8 % ) , ch lo r ine ( 7 % ) , 

s i l ica ( 3 % ) , and lead ( 2 % ) . Smal ler quan­

tities o f po t a s s ium, c a l c i u m , z i n c , alu­

m i n i u m , and i ron were found , as w e l l as 

traces o f other metals . 

F i n e part icles (less than 1 • 5 µm) c o m ­

prised s o m e 8 0 % by we igh t o f the haze. 

By n u m b e r s , they are therefore even m o r e 

dominan t ; and they have about five t imes 

the l ight -sca t ter ing p o w e r o f an equal 

w e i g h t o f the coarser part icles. 

T h e coarse fraction ( 2 0 % by weigh t ) was 

found to cons is t mainly o f sea salt ( sod ium 

and c h l o r i n e ) , w i th a small con t r ibu t ion 

f rom soi l dust, and bo th w o u l d s e e m be­

n ign . Certa inly it w o u l d be i m p o s s i b l e to 

prevent their o c c u r r e n c e . 

O n e mus t po in t therefore at the f ine-

par t ic le f rac t ion as the m a i n cause o f 

b r o w n haze. A n d particles as fine as the 

o n e s in the fine fraction can o n l y be pro­

d u c e d by c o m b u s t i o n , M r W i l l i a m s notes , 

so this cons iderab ly nar rows d o w n the 

p o s s i b l e m a j o r s o u r c e s . S o m e m i n o r 

variations detec ted in the c o m p o s i t i o n o f 

the haze p rov ide further c l ue s . 

Peaks in the concen t ra t ion o f lead o b ­

served d u r i n g the m o r n i n g rush hour 

c o u l d o n l y be p r o d u c e d by leaded petrol 

f r o m m o t o r v e h i c l e exhaus t s , and this 

poin ts to cars as be ing a m o n g the major 

cont r ibutors . A v e r a g i n g the results o f the 

analyses per formed so far, D r Wi l l i ams 

ca lcula tes that m o t o r veh ic l e s contr ibute 

1 7 % by w e i g h t o f Sydney ' s b r o w n haze, 

but, because o f the size factor, 2 4 % o f the 

impac t o n visibil i ty. 

By contrast , sea salt (represented by the 

s o d i u m and ch lo r ine ) amoun t s to 1 7 % by 

w e i g h t a l so , but it o c c u r s as large par­

t ic les , so in terms o f haziness it cont r ib-
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utes on ly 3%. Similar ly , other fo rms o f 
dust, i n c l u d i n g so i l and c e m e n t dust, may 
cont r ibute less than 5% by we igh t , and 
less than 1% to haziness . 

Bushf i re s m o k e was f o u n d to be d is ­
t inct ive in hav ing 8 0 % o f its total c a rbon 
con t en t in o rgan ic c o m p o u n d s ; the re­
m a i n d e r o c c u r s as e l e m e n t a l c a r b o n . 
Sydney b r o w n haze has on ly 2 5 % o f its 
c a r b o n in the o rgan ic fo rm. T a k i n g ac­
c o u n t o f the o rgan ic ca rbon cont r ibu ted 
by pe t rochemica l s , M r W i l l i a m s c a l c u ­
lates that bu rn ing o f vegeta t ion ( w h i c h 
w o u l d i nc lude bushfires and backyard in-­
cinerators) contributes roughly 1 0 % o f the 
b r o w n haze. 

Each cubic metre contains a 
billion suspended particles. 

T h e scientists f o u n d a sl ightly h igher 

level o f c a rbon in the air o n M o n d a y s , 

sugges t ing that this m i g h t b e due to back­

yard burn ing over the w e e k e n d . 

T h e balance sheet 

D o i n g the ari thmetic, the sources so far 

men t ioned (motor vehic les , sea salt, dusts, 

and bu rn ing vegeta t ion) a c c o u n t for 4 8 % 

o f the haze by w e i g h t and 3 8 % in terms 

o f effect o n visibil i ty. T h e s e are s h o w n 
in the table. 

T h a t leaves 5 2 % o f the haze by w e i g h t 
(and 6 2 % in terms o f visibi l i ty) to be ac ­
c o u n t e d for. A s m e n t i o n e d , this contr i ­
bu t ion mus t c o m e f rom c o m b u s t i o n , so 
w e are drawn to the c o n c l u s i o n that in­
dustrial boi lers and incinerators are re­
spons ib l e for at least a substantial part o f 
this s l ice . 

N e v e r t h e l e s s , s c i e n t i s t s are a l w a y s 
careful and, to finalize the case , M r W i l ­
l i ams and his co l l e ag u es are taking sam­
ples o f emiss ions from industrial ch imneys 
to c h e c k the extent to w h i c h the part icles 
i nvo lved indeed fill the vacant slot . 

W h e n w o r k is c o m p l e t e d , it w i l l aid 
gove rnmen t agenc ie s to carry out con t ro l s 
that w i l l r educe the intensity o f the haze. 

Andrew Bell 
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