
Sydney's rain reaches its highest acid level at this time 
of year, 10-15 times greater than that in unpolluted rain­
water. 

M e a s u r e m e n t s o f rain acidi ty by D r 

G r e g Ayer s and M r R o b Gil le t t , o f CSIRO, 
s h o w that Sydney rain over the past t w o 

summers has had an average p H o f abou t 

4 • 5 . T h i s c o m p a r e s wi th a p H o f abou t 

5•2 for rain-water unaffected by ci ty emi s ­

s ions (it c a n range f rom 4 • 8 to 5 • 8 ) . T h e 

lowes t p H so far observed in the Sydney 

studies was 3 • 6 , as ac id ic as o range j u i c e . 

' A c i d rain' ma in ly deve lops because o f 

the p resence o f sulfuric and nitr ic acids 

— p r o d u c e d by emiss ions o f sulfur d i o x ­

ide and n i t rogen ox ides f rom p o w e r sta­

t ions , industr ies , and m o t o r veh i c l e s . 

It is caus ing g rowing c o n c e r n in Europe 

and Nor th A m e r i c a , where it is b l a m e d for 

k i l l i n g f i sh in l a k e s , r e d u c i n g fo res t 

g rowth , and l each ing metals f rom soi ls 

into groundwater in e c o l o g i c a l l y harmful 

concen t ra t ions . H o w e v e r , there has been 

hardly any interest in ac id ic rain in A u s ­

tralia, because w e though t that nei ther 

our popu la t ion no r our industry was o n a 

b ig e n o u g h scale to cause p r o b l e m s . 

D r A y e r s , o f the D i v i s i o n o f C l o u d 

Phys ics at E p p i n g in Sydney, is currently 

w o r k i n g at the D i v i s i o n o f A t m o s p h e r i c 

Phys ics in M e l b o u r n e , a l l owing the study 

to b e ex tended to that city. 

T h e Sydney results s h o w that the ci ty 

shares w i t h its N o r t h e r n H e m i s p h e r e 

counterpar ts the abili ty, in s u m m e r at 

least, to p r o d u c e s ignif icant levels o f rain­

water acidi ty. I n the worst-affected re­

g ions o f the north-eastern Un i t ed States, 

annual mean p H values o f 4 • 0 have been 

observed , c o m p a r e d wi th abou t 4 • 6 in 

Sydney. 

D r Ayers bel ieves that, j u d g i n g by ex­

per ience e l sewhere in the wor ld , this level 

is not l ikely to lead to o b v i o u s env i ron­

mental damage . Poss ib ly , s u c h ac id levels 

in s u m m e r c o u l d increase the c o r r o s i o n o f 

steel, masonry, and other exposed surfaces. 

M o s t o f the sampl ing t o o k p lace in the 

s u m m e r o f 1 9 8 0 / 8 1 , w h e n 294 rain sam­

ples were c o l l e c t e d f rom 12 sites across 

Sydney . Apart f rom those taken at the 

D i v i s i o n ' s site at Epp ing , samples were 

c o l l e c t e d by c o l l e a g u e s at their h o m e s 

wheneve r it rained, and b rough t in for 

analysis. T h e d iagram s h o w s the distri-

Ten. sampling sites spread across the 
Sydney metropolitan area were 
employed, and two in the Blue 
Mountains. 

Rain brought by onshore 
winds was more acidic than 
that brought by offshore 
winds. 

but ion o f the p H o f these samples . M o s t o f 

the rain-water c o l l e c t e d had a p H b e l o w 

5 • 2 , and c o u l d therefore b e label led as 

ac id ic rain. A sample c o l l e c t e d at Epp ing 

gave the m o s t ac id reading (pH 3 • 6 ) . 

T h e samples wi th the l owes t acidity 

(highest p H values) c a m e f rom Lof tus , a 

site that l ies u p w i n d o f the ci ty dur ing the 

south-easterly w inds that br ing m o s t o f 

Sydney ' s s u m m e r rain. T h e p H o f the 

Lof tus samples averaged 5 •08 . 

Wind influence 

T h e h ighe r values at Lof tus c o n f i r m work 

several years ago by D r W i l l i a m Scott , 

then in the D i v i s i o n o f C l o u d Phys ics , 

w h i c h impl ica ted the Sydney met ropol i ­

tan area as a source o f acidity. T a k i n g 

samples f rom an aircraft f ly ing through 

c l o u d , D r Scot t found that the m e a n p H o f 

ten c l o u d s u p w i n d o f the c i ty was 6 • 2 , 

whereas the corresponding figure for three 

c l o u d s d o w n w i n d was 4 • 9 . 

D r Ayer s and M r Gil let t f o u n d that nat­

ural a t m o s p h e r i c p r o c e s s e s affect the 

acidity o f the rain too . T h e i r data s h o w e d 

that rain b rough t by o n s h o r e w i n d s was, 

o n average, significantly m o r e ac id i c than 

that b rough t by offshore w i n d s . 

T h i s difference reflects the fact that the 

con t inen t is a larger source o f alkaline 

materials in the a tmosphere (gaseous am­

m o n i a f rom decay ing organ ic materials, 

and ca lca reous dust part icles) than the 
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The pH scale 

I n any water-based so lu t ion , the c o n c e n ­
tration o f ac id h y d r o n i u m i o n s ( H + or 
H 3 O + ) is in balance wi th that o f the alka­
l ine hydroxy l i o n O H " . 

In pure water, the acid and alkaline 
spec ies have equal concen t ra t ions , and 
the p H = 7. 

I n an ac id so lu t ion , the h y d r o n i u m ions 
p redomina te and the p H is less than 7 — 
the stronger the acid is, the smaller its p H 
value. E a c h step in the p H scale corres­
p o n d s to a c h a n g e in the concen t ra t ion o f 
the ac id i o n by a factor o f 10. O n the other 
hand, alkaline so lu t ions have p H values 
above 7. 

T h e p H o f rain-water is genera l ly b e l o w 
7 whether or no t a ci ty 's e m i s s i o n s have 
affected it. T h i s is because ca rbon d i o x i d e 
and other natural const i tutents o f the at­
m o s p h e r e have an acidifying in f luence o n 
it. 

T h e table s h o w s p H readings for var­
ious w e l l - k n o w n so lu t ions . 

The mean pH of the samples varied 
month by month. The most acidic rain 
fell in summer; readings closer to 
neutral were obtained in spring. 

o c e a n . Per iodica l ly , these h igher quan­
tities o f alkaline materials g ive rise to p H 
values greater than 6, s u c h as those o b ­
served u p w i n d o f Sydney by D r Scot t . 

T h e researchers a lso ana lysed their 
samples for ammonia , sulfate, and nitrate. 
T h e i r results indicated that nitr ic and sul­
furic acids are main ly to b l ame for the 
acidity. Wi thou t these acids, Sydney sum­
mer rain w o u l d have a p H o f about 5 •2 , 
they calcula ted. A d d i n g w e i g h t to the re­
liability o f this estimate, four samples o f 
rain-water co l l ec t ed 270 k m south o f Syd­
ney dur ing onshore winds s h o w e d a mean 
p H o f exact ly 5•2 . 

T h e research pair found that rain-water 
from c l o u d s that passed over Sydney re­
m a i n e d a c i d i c for s o m e t ime . Sites at 
W a r r i m o o and S p r i n g w o o d in the B lue 
M o u n t a i n s (60—70 k m in land) s h o w e d 
essential ly the same p H levels as all the 
others (excep t ing the o n e at Lof tus ) . 

A t three o f the sites (Warr imoo, Hornsby 
He igh t s , and Epp ing ) , sampl ing was c o n -

The lowest pH was 3•6, as 
acidic as orange juice. 

An ion chromatograph was used to 
analyse samples of Sydney's rain. 

Most of the rain had a pH below 5 • 2, 
and could therefore be labelled as 
acidic. The most acidic had a 
pH of 3 •6. 

t inued f rom the s u m m e r o f 1980 /81 to the 
f o l l o w i n g summer . T h e data s h o w e d that 
s u m m e r indeed br ings the m o s t acidic 
rain; p H values c loser to neutral were o b ­
tained in spring (see the graph) . T h e s e 
sites also had a mean p H 0 • 28 units higher 
in the s e c o n d summer than in the first. 

M r Gil let t is con t inu ing to moni to r acid 
levels at the Epp ing and W a r r i m o o sites, 
wh i l e D r Ayers takes s o m e measurements 
on the acidity o f M e l b o u r n e ' s rain. 

Andrew Bell 
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Acid i ty o f summer rainfall in Sydney. G.P . 

Ayers and R . W . Gi l le t t . In ' T h e Urban 

A t m o s p h e r e — Sydney , a Case Study' , 

ed . J .N. Carras and G . M . J o h n s o n . 

( C S I R O : M e l b o u r n e , in press.) 
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substance pH 

hydrochloric acid, 
1 M 0 1 

lime juice 1•8—2-0 
orange juice 3•0—4-0 
rhubarb 3 • 1 - 3 - 2 
carbonated water 3 • 8 
tomatoes 4•0—4-4 
boric acid, 0•1 M 5•2 
coW s milk 6•3—6•6 
distilled water 7•0 
egg white 7 •6 -8 •0 
borax, 0•1 M 9•2 
ammonia, 1 M 11-6 
sodium hydroxide, 
1 M 14•0 

acidic 

neutral 

alkaline 


