
When metals are extracted by 
smelting, sulphur dioxide 
pours off. 

Sulphur dioxide is a traditional air pollutant, not a Johnny-

come-lately like the photochemical pollutants that the motor 

car has brought to cities. Ever since people started burning 

coal and smelting ores to make bronze, they have been putting 

it into the air. 

H i g h concentra t ions have been r ec ­
orded du r ing pol lut ion disasters , such as 
t h e great L o n d o n smog of 1952 tha t killed 
abou t 4000 people . Bu t so have h igh con­
centrat ions of o ther th ings , par t icular ly 
soot a n d o ther a i rborne part icles , a n d 
some evidence suggests t ha t s u l p h u r d i ­
oxide has no t been the ma in culpr i t . M u c h 
remains t o b e learnt ab o u t its effects on 
peop le—on its own , mixed wi th o the r 
po l lu tan ts , a n d before a n d after it u n d e r ­
goes chemical change in t he a tmosphere . 

Austral ia 's o u t p u t is abou t 1 400 000 
tonnes a year , close t o 1 % of t h e wor ld 
total . A l though our popula t ion is only 
about 0 - 3 % of t h e wor ld ' s , we are well 
endowed wi th copper , lead, z inc , a n d 
nickel ores , and w h e n t he metals are 

ext rac ted b y smel t ing, s u l p h u r dioxide 
pour s off. A lot is caugh t a n d used t o 
m a k e su lphur ic acid, b u t abou t 500 000 
tonnes go u p smel ter ch imneys each year . 
B u r n i n g coal a n d coke give out nearly as 
m u c h , a n d fuel-oil combus t ion is t h e nex t 
largest source . 

S u l p h u r dioxide pol lut ion is mainly a 
p r o b l e m of cities a n d smel t ing towns , 
a l though t h e gas can r ema in a i rborne for 
several days a n d come d o w n h u n d r e d s of 
miles f rom its source . A typical average 
concent ra t ion in inner areas of Sydney or 
M e l b o u r n e is a fairly low 0 - 0 2 par t s pe r 
mil l ion. T h e highes t average recorded in 
t h e Sydney area in 1973 was abou t 0 -05 
p . p . m . — a t Redfe rn , an inner indus t r ia l 
s u b u r b . By compar ison , N e w York has 
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Mt Isa's smelter chimneys put 
out about 1000 tonne- of sulphur 

dioxide a day. 



a n average concentra t ion of about 0 - 2 4 
p . p . m . — m o r e t h a n t en t imes as h igh as 
m o s t Sydney a n d M e l b o u r n e readings . 

A large par t of t he reason for Austral ia 's 
comparat ively low levels is ou r good for­
t u n e in having fuels w i th low su lphu r 
con ten t s . M o s t Austra l ian coal contains 
0 - 5 - 1 % su lphur , compared wi th several 
per cent overseas. Bass Strai t oil contains 
abou t 0 · 1 % or less, compared wi th 1-2% 
or m o r e in mos t overseas oils. Howeve r , 
mos t fuel oil u s e d he re is impor t ed , and 
can have a su lphu r conten t as h igh as 3 % . 
Austral ia ' s na tu ra l gas contains n o su l ­
p h u r , so su lphu r dioxide levels shou ld fall 
in ou r cities as indus t ry makes m o r e use 
of it . 

S m e l t i n g t o w n s 

Smel t ing towns t e n d to show m u c h greater 
variat ion be tween n o r m a l a n d peak su l ­
p h u r dioxide concent ra t ions , and m u c h 
h igher m a x i m u m s . F o r example , a mon i to r 
a t Po r t K e m b l a , N . S . W . , r ecorded an 
average concent ra t ion for 1973 of abou t 
0 - 0 5 p . p . m . , similar t o Redfe rn ' s . H o w ­
ever , t h e h ighes t average over a day at 
Po r t K e m b l a was nearly t en t imes as h igh , 
abou t 0 -44 p . p . m . , whi le a t Redfern it 
was only abou t 0 13 p . p . m . Peak shor t -
t e r m concentra t ions of m o r e t h a n 1 p . p . m . 
were recorded four t imes at Po r t K e m b l a 
t h a t year . A t Po r t Pi r ie , S.A., peaks of 
m o r e t h a n 0 - 9 p . p . m . have b e e n recorded 
in recen t years . 

W h a t these figures m e a n in t e rms of 
h u m a n hea l th is far f rom clear. I n L o n ­
don ' s 1952 disaster t h e su lphu r dioxide 
level reached 1-34 p . p . m . , b u t clinical 
tests w i th bronchia l pa t ien ts—a g r o u p 
likely to be part icular ly suscept ib le—have 
shown n o adverse effects f rom concen t ra ­
t ions of 2 p . p . m . I t seems tha t a su lphu r 
d ioxide-par t ic le combina t ion is consider­

ably m o r e harmful t h a n ei ther t he gas or 
soot on its own . T h e W o r l d H e a l t h 
Organizat ion has r e c o m m e n d e d just over 
0 · 0 2 p . p . m . (60 micrograms per cubic 
met re ) as a long- te rm goal for annua l 
average concent ra t ions , b u t it says this 
figure applies only in conjunct ion wi th its 
r e c o m m e n d e d l imit for part icles. I t also 
stresses tha t t he figure is p u t forward 
tentat ively and could b e changed if more 
data on dose - response relations become 
available. 

N o na t ion-wide s tandards have yet 
been adop ted in Austral ia . T h e U . S . 
Env i ronmenta l Protec t ion Agency 's rec ­
ommenda t ions are a m a x i m u m annua l 
average of 0 - 0 3 p . p . m . and a m a x i m u m 
average over 24 hour s of 0 14 p . p . m . 
W e star t smell ing it w h e n t h e concen­
t ra t ion reaches abou t 0 · 5 p . p . m . 

Smel ters p roduce Austral ia 's h ighest 
concentra t ions of t h e gas. I n csiRO, a 
considerable research effort is be ing p u t 
in to examining al ternat ive m e t h o d s of 
me ta l recovery. Near ly all Austral ia 's 
copper , lead, z inc , a n d nickel ores con­
tain large amounts of su lphu r , a n d the 
a im is t o work ou t ways of removing this 
wi thou t conver t ing it t o su lphur dioxide. 

T h e s m e l t i n g p r o c e s s 

T a k e copper as an example . By far t he 
mos t c o m m o n ore is chalcopyri te , which 
contains copper , i ron , a n d su lphur . 
Convent ional processing involves t h r ee 
s teps—roas t ing , smel t ing , a n d conver t ing. 

• I n roast ing, h o t air is b lown t h r o u g h 
the ore ; oxygen in it combines wi th 
t he i ron , whi le t h e copper remains as a 
su lphu r c o m p o u n d . Oxygen also com­
bines w i t h su lphu r tha t was l inked 
wi th t h e i ron , p roduc ing su lphu r 
dioxide. 

• I n smel t ing, t h e p roduc t s of roast ing 
are mel ted in a furnace wi th 's lagging' 
mater ial tha t encourages t he i r o n -
oxygen c o m p o u n d to settle above the 
c o p p e r - s u l p h u r c o m p o u n d . T h e t o p 
layer is t apped off, leaving the copper 
c o m p o u n d . 

• I n conver t ing, ho t air is b lown t h r o u g h 
t h e mol ten p roduc t of smel t ing. T h e 
su lphur forsakes t h e copper for t he 
oxygen, a n d t h e p roduc t s are su lphur 
dioxide a n d i m p u r e copper , wh ich is 
t h e n refined for use . 

Wel l -es tabl ished technology exists for 
t u r n i n g t h e su lphur dioxide from smelt ing 
plants into su lphur ic acid, b u t economics 
d e m a n d a use for large amoun t s of t he 
acid nearby . T h e fertilizer indus t ry is by 
far t h e biggest user . As it depends 
heavily on impor t s , such as t he rock 
phospha t e tha t i t t reats w i th su lphur ic 
acid to p roduce supe rphospha te , it is 
main ly a seaboard indus t ry . T h e r e is 
very little d e m a n d for su lphur ic acid 
in land , a n d the re a re at p resen t n o 
su lphur ic acid plants associated wi th 
Austral ia ' s in land smel ters . 

A b o u t 9 8 % of t h e su lphur dioxide 
p roduced b y lead a n d zinc smelt ing at 
Cockle Creek, N . S . W . , is u sed to make 
su lphur ic acid. A b o u t 6 0 - 7 0 % of tha t 
f rom the lead smel ter a t Po r t Pir ie , S.A., 
is p u t to t he same use . T h e res t of 
Austral ia ' s smelters p u t all the i r su lphu r 
dioxide in to t h e air; these smelters 
p r o d u c e nickel at Kalgoorl ie , W . A . , 
copper a n d lead at M t Isa , Qld , and 
copper a t M t M o r g a n , Qld , a n d at Po r t 
K e m b l a , N . S . W . 

C o p p e r smel t ing—by far t he biggest 
source—cont r ibu tes abou t two- th i rds of 
t h e total . 
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Port Kembla—the smelter chimney is 
the tall one. 

Midday in a London smog in the early 
1950s. Implementat ion of the Clean Air 
Act, 1956, has since greatly reduced 
smogs in the city. 
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R e s e a r c h o n a l t e r n a t i v e s 

Research has been going on for a long 
t ime in many countr ies on al ternat ive sep­
ara t ing processes, b u t smel t ing remains 
the almost universally used technology. 
I n Austral ia, an electrolytic process is 
used at Risdon, T a s . , to recover zinc, b u t 
it also produces su lphur dioxide, which 
is used to make su lphur ic acid. T h e only 
process in operat ion here that doesn ' t 
p roduce t he gas is a Canadian-deve loped 
one used at Kwinana , W.A. , to separate 
nickel. T h i s gets r ids of t he su lphur in 
the ore as a m m o n i u m sulphate , wh ich 
finds a ready market as fertilizer. W i t h 
addi t ional s teps , this process could be 
applied to copper processing, bu t no t to 
the recovery of lead or zinc. 

T h e CSIRO research on al ternat ives 
has concent ra ted on the area wi th the 
greatest potent ia l for reducing emissions 
he re , copper recovery. 

At t he Sydney laboratories of the 
Divis ion of Minera l Chemis t ry , M r 

Dav id Will iams has looked closely at the 
possibili ty of modifying existing smel t ing 
techniques to p roduce solid su lphur 
instead of su lphur dioxide. T h e me thod 
he has examined involves removing 
some of t he su lphur in the ore as h y d r o ­
gen su lphide and the rest as su lphur 
dioxide, and then mixing the two gas 
s t reams together . T h e y react to p roduce 
su lphur and water; and , if the p ropor ­
t ions are r ight—twice as m u c h hydrogen 
su lph ide as su lphur d ioxide—no su lphur 
c o m p o u n d s are left in t he final gases. 

M r Will iams has found in laboratory 
exper iments that the copper ore , chal-
copyri te , reacts wi th s team at about 
680°C to p roduce c o p p e r - s u l p h u r and 
i ron-oxygen compounds and the gas 
he wants , hydrogen su lphide . T h i s 
react ion can convert about 6 0 % of the 
su lphur in the ore to hydrogen su lph ide , 
enough to reduce su lphur dioxide emis ­
sions from the complete process by at 
least 8 0 % . 

In t he M e l b o u r n e laboratories of the 

Divis ion, D r Ke i th Ca th ro has shown 
that copper can be readily separated from 
the p roduc t of the s team reaction by 
chemical means . T h e n su lphur dioxide 
is no t p roduced . T h e foul-smelling and 
very poisonous hydrogen su lphide given 
off in the first par t of the process can be 
easily converted to harmless subs tances . 

T h r e e - s t a g e m e t h o d 

D r Ca th ro is investigating a totally 
different three-s tage me thod of copper 
recovery. I t disposes of t he su lphur 
from the ore in t he form of t he i r o n -
su iphur c o m p o u n d , pyr i te . 

Firs t t he chalcopyri te ore is mixed 
wi th su lphur and heated to 350-400°C. 
T h i s produces pyri te and compounds of 
copper , su lphur , and small amoun t s of 
iron tha t are more soluble than the 
original ore . Nex t , these are mixed wi th 
a copper chloride solut ion, which d is ­
solves the copper compounds forming 
a m o r e copper - r ich chlor ide solut ion. 
Su lphur , which can be recycled and used 

There's lots of sulphur 

S u l p h u r dioxide pol lut ion is a m a n - m a d e 
p rob lem, b u t mos t of t he su lphu r in the 
air finds its way the re wi thou t h u m a n 
he lp . T h e t rouble is tha t people live 
near the i r smelters and fue l -burn ing 
factories. 

Bacteria tha t live in m u d a n d p roduce 
hydrogen su lph ide gas from decompos ing 
animal a n d vegetable mat te r p u t ten t imes 
m o r e su lphu r into the air t h a n all t he 
world ' s smel ters . T h e hydrogen su l ­
p h i d e is quickly conver ted to su lphu r 
dioxide. Sea spray cont r ibutes more 
t h a n five t imes as m u c h as smel t ing— 
about the same a m o u n t , in fact, as t he 
wor ld o u t p u t f rom coal combus t ion . 
T h e o ther impor t an t na tura l source is 
volcanic fumes. 

Bu t we ' re catching u p . H u m a n activity 
is now cont r ibu t ing about a th i rd of the 
su lphu r conten t of t he a tmosphere and , 
if o u t p u t cont inues to grow at rates 
similar to those of recent years , we are 
likely to raise t he p ropor t ion to half by 
t he e n d of t he century . However , 
s tudies of old glacier ice indicate tha t t he 
background su lphur dioxide concen­
t ra t ion in the a tmosphere is not changing , 
despi te t he increasing ou tpu t . I t remains 
be tween 0 . 0 0 1 and 0 . 0 1 p .p .m . 

According to figures compi led by D r 

Davey of t he Divis ion of Chemical 
Engineer ing , someth ing like 85 mill ion 
tonnes of su lphu r are t ransferred from 
land to the oceans each year—most of 
it in addi t ions t h a t M a n ' s activities make 

to no rma l river run-off. However , no 
su lphur shortage will arise in t he fore­
seeable future ; t he s i tuat ion is one of 
ex t reme glut . Canada is t h e biggest 
p roducer . I ts na tura l gas contains su l ­
p h u r , wh ich has to be r emoved to prevent 

pipel ine corrosion. T h e quanti t ies are so 
great tha t 12 mill ion tonnes had been 
stockpiled by the end of 1973 and its 
pr ice in Alber ta , where it is p roduced , had 
fallen from about $A25 to $4 per tonne . 

T h e low price has encouraged Aus t ­
ralian fertilizer manufac turers to p roduce 
the i r su lphur ic acid r equ i rement s from 
i m p o r t e d su lphur ra ther t h a n su lphur 
dioxide from smel ters . However recent 
large increases in sh ipp ing freights may 
encourage a move in the o ther direct ion. 
T h e landed price of Canadian su lphur in 
Austral ia is now about $45 a tonne . 

At present Austra la in indus t ry impor t s 
a little more t h a n half the su lphur it uses. 
T h e res t , except for a small a m o u n t f rom 
oil refineries, comes from smelter gases 
tha t are t rea ted to p roduce su lphur ic 
acid instead of be ing emi t ted to t he 
a tmosphere . D r Davey calculates tha t 
Austral ia could achieve m o r e than self-
sufficiency in su lphur p roduc t ion if 
it needed to . If 9 0 % of t he su lphu r 
available in t he fossil fuels consumed 
a n d the metal concentrates t rea ted in 
Austral ia in 1971 had been recovered, 
supply would have exceeded d e m a n d by 
4 2 % . However the su lphu r would have 
cost m a n y t imes more than impor ted 
su lphu r . 
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again in t he first s t ep , is also formed. I t 
a n d the pyri te are filtered out . Final ly, 
t he copper is separated ou t by electro­
lysis. 

D r Ca th ro has been able to achieve a 
9 8 % extract ion ra te of copper from 
ore—a good result . H e has also shown 
tha t t he electrolysis stage uses m u c h less 
power than other electrolytic m e t h o d s of 
copper recovery. H e has tested the 
m e t h o d wi th ores from M t Lyel l (Tas . ) , 
Bougainville (Papua N e w Guinea ) , M t 
Isa , a n d M t M o r g a n , and achieved 
satisfactory results wi th all of t h e m . But 
it is a big s tep u p from laboratory 
exper iments to a p lant , and his conclusion 
so far is only that the process is ' p robably 
technically feasible' . T h e reactions will 
be scaled u p and the commercia l p ro s ­
pects fully assessed only if indus t ry 
becomes interested. 

Also at the M e l b o u r n e laboratories of 
t he Division of Minera l Chemis t ry , D r 
T o m Biegler is working on a novel 
electrolytic me thod of t u rn ing chalcopy-
rite ore into compounds from which the 
copper can be more readily extracted by 
chemical means . T h e produc ts arc 
c o p p e r - s u l p h u r c o m p o u n d s . By-produc t s 
are hydrogen su lphide gas and an iron 
c o m p o u n d tha t can be conver ted to 
ano ther from which the metal can be 
extracted in ordinary steel-plant blast 
furnaces. D r Biegler has found that his 
process consistently changes more t h a n 
9 0 % of the ore into more reactive com­
p o u n d s . H e is cont inuing his exper iments 
to find ou t how to achieve m a x i m u m 
conversion wi th m i n i m u m energy use . 

E n e r g y u s e 

Grea te r consumpt ion of energy seems to 
be an inevitable drawback of me thods 
tha t don ' t p roduce su lphur dioxide , 
because when su lphur bu rns and gives 
off t he gas it also cont r ibutes heat energy. 
T h e prospects don ' t seem br ight at 
p resent of developing me thods cheaper 
t h a n smelt ing for large-scale copper 
p roduc t ion , bu t condit ions may change 
in ways that will make alternatives more 
at t ract ive. Apar t from el iminat ing su l ­
p h u r dioxide, p robably their ma in at t rac 
t ion now is tha t , unlike smel t ing, they 
should be suitable for low-capacity p lants . 

A n attack on su lphur dioxide emissions 
from another direct ion may result from 
recent research done by D r J im Black­
wood and colleagues at t he C S I R O 
Division of Chemical Engineer ing in 
M e l b o u r n e . T h e y have found that b rown 
coal char and charcoal have large appet i tes 
for the gas, conver t ing it (depending on 

A sulphuric acid plant. 

T h e c h e m i s t r y o f c o p p e r s e p a r a t i o n 

T h e aggregate reaction in ord inary smel t ing of chalcopyri te: 
C u F e S 2 + 2 £ 0 2 -» C u + F e O + 2 S 0 2 

Reactions a imed at by M r Wil l iams: 
2 C u F e S 2 I 2 H 2 0 - • C u 2 S + 2 F e O + 2 H 2 S + S 
C u 2 S •; 0 2 -» 2 C u + S 0 2 

2 H 2 S + S 0 2 -> 2 H 2 0 [ 3S 

Reactions a imed at by D r Ca th ro : 
C u F e S 2 I S - > C u S + F e S 2 

C u S + C u C l 2 -> C u 2 C l 2 + S 
Coppe r is t hen separated from the C u 2 C l 2 electrolytically. 

React ion a imed at by D r Biegler: 
2 C u F e S 2 + 6HC1 + 2e~ -» C u 2 S + 3 H 2 S + 2 F e C l 2 + 2 C 1 " 
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A magnified view of chalcopyrite 
before, during, and at the end of 
treatment by D r Biegler's process. 

Greater consumption of 
energy seems to be an 
inevitable drawback of 
methods that don't produce 
sulphur dioxide . . . 

t h e condi t ions) t o e i ther p u r e su lphu r or 
ca rbon d isu lphide , a l iquid used to make 
fungicides a n d rayon . I f t h e right con ­
di t ions are p rov ided , t h e su lphu r dioxide 
will t u r n t h e char in to act ivated ca rbon , 
valuable as an indus t r ia l filter. 

T h e discovery could b e appl ied t o 
s u l p h u r dioxide removal f rom electricity 
p lan t , factory, a n d smel ter emiss ions . 
H o w e v e r , any appl icat ion seems i m p r o b ­
able i n t h e nea r fu ture , certainly in 
Aust ra l ia , because of t h e cost of t h e 
process a n d t h e n e e d to t r anspor t char . 

C h i m n e y he igh t has a lot t o do wi th 
concent ra t ions of s u l p h u r d iox ide—the 
h ighe r t h e ch imney , t h e lower is t h e 

concent ra t ion a t g r o u n d level. State 
governments specify m i n i m u m heights 
for ch imneys w h e n they approve p r o ­
posals for n e w indus t r ies . T h e s e vary wi th 
topography , c l imate , a n d t h e presence or 
absence nea rby of o the r air pol lu t ion 
sources , as well as w i th emission vo lumes . 

I n t h e a t m o s p h e r e 

W h a t happens to su lphu r dioxide after 
it leaves a ch imney is obviously a n 
i m p o r t a n t ques t ion . I t is also a very 
difficult a n d largely unanswered one . 
O n e th ing tha t happens t o a lot of t h e 
gas , if it stays a i rborne long enough , is 
convers ion to su lphur i c acid a n d o the r 

su lpha tes . I t can t u r n ra in-water in to 
a mi ld acid. A n d the su lphur i c acid can 
a t t ach itself to par t ic les , making t h e m 
corrosive. 

Ra in m a d e acid b y su lphu r dioxide 
emi t t ed in central E u r o p e has been 
b l amed for t he acidification of rivers and 
lakes in sou the rn N o r w a y , resul t ing in 
t he dea th of large n u m b e r s of sa lmon 
a n d t rou t . P roduc t s o f su lphur dioxide 
are bel ieved to b e responsible for t he 
acceleration tha t has occur red th is cen tury 
in t h e ra te of deter iora t ion of m a n y old 
pa in t ings , s ta tues , a n d bui ld ings like t he 
P a r t h e n o n a n d t h e Colosseum. Cleo­
pa t ra ' s N e e d l e , t h e h u g e s tone obelisk 

Queenstown, Tas.—vegetation is slowly returning to the denuded landscape. 
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S o m e s u l p h u r d i o x i d e l e v e l s in a i r 
carved in Egypt about 1475 B C and 
b rough t to Eng land in 1878, is said to 
have cor roded more in 100 years in 
L o n d o n ' s air t h a n in m o r e t h a n 3000 
years in Egyp t ' s . 

T o find ou t m o r e abou t wha t happens 
to t he gas, a t e am from the Sydney 
laboratories of t he Divis ion of Mine ra l 
Chemis t ry , led by M r Wil l iams, is 
taking a close look at t he p l u m e from the 
smelters at M t Isa. T h e town ' s two 
smelter chimneys p u t ou t someth ing like 
1000 tonnes of su lphur dioxide per day. 
T h e y are close together and can be 
regarded as virtually one source . As 
no other major sources of air pol lut ion 
exist in t he distr ict , it should be possible 
to find ou t how a p lume behaves in an 
otherwise clean a tmosphere . 

T h e scientists m a d e pre l iminary obser­
vations last Sep tember a n d will b e back 
in M t Isa next Apri l for a big measur ing 
effort. T h e y are doing their field work 
in late a u t u m n , winter , and early spr ing , 
because in tha t midd le par t of t he year 
a tmospher ic condit ions—low-level t e m ­
pera tu re inversions lasting from about 
10 p . m . to 10 a .m.—regular ly prevent 
the emissions rising more t h a n about 
350 m. As a resul t , the p lume takes the 
form of a gradual ly widening a n d th ick­
ening line extending perhaps 200 k m 
from the ch imneys . 

T h e plan is to measure su lphur dioxide 
concentrat ions at various distances out 
along this type of p l u m e , us ing a sensing 
in s t rumen t poin t ing upwards from a 
four-wheel -dr ive vehicle. Also, a specially 

p . p . m . 

3000 Half t he hamste r s in an exper iment died after 1½ hours 

40 N o bronchi t ic effects in test rats after 3 mo n t hs 

5 L imi t r e c o m m e n d e d by Wor ld Hea l th Organizat ion for inside factories 
where people spend 8 hour s a day 5 days a week 

2 N o adverse effects on bronchia l pat ients in clinical tests 

1.34 M a x i m u m in 1952 L o n d o n disaster 

1 Peaks above this measured at Por t K e m b l a , 1973 

0 . 5 - 1 0 L imi t for conscious detect ion b y h u m a n s 

0 . 4 4 Highes t 24-hour average, Por t K e m b l a , 1973 

0 . 2 4 N e w York annua l average 

0 . 1 5 Visible damage to some plants 

0 . 1 4 M a x i m u m 24-hour average—not to be exceeded m o r e t h a n once a year— 
r e c o m m e n d e d by U . S . Env i ronmenta l Pro tec t ion Agency 

0 . 1 3 Highes t 24-hour average, Redfern , 1973 

0 . 0 5 Highes t year 's average in Sydney area, 1973—at Redfern 

0 .021 W . H . O . long- te rm goal for annua l average concentrat ions 

0 . 0 2 Typica l annua l average in inner Sydney or M e l b o u r n e 

A little sulphur is good for plants 

T h e count ry a round Queens town , wes ­
te rn T a s m a n i a , is somet imes l ikened to 
t he surface of t he m o o n . T h e des ­
cr ipt ion was m o r e appropr ia te earlier 
this cen tu ry t h a n it is now; in shel tered 
areas trees a n d other plants are growing 
again. Bu t t he landscape is still main ly 
ba re bedrock. 

Smel t ing s tar ted the re in 1896. T h e 
process used for t he next 25 years sent 
c louds of u n b u r n t su lphu r as well as 
su lphu r dioxide u p the ch imneys . 

His tor ian Geoffrey Blainey describes 
wha t h a p p e n e d : 

' S u l p h u r , ra in a n d fire swiftly pa in ted 
a n e w landscape. Fogs heavily charged 
wi th su lphur m a d e green grass a n d 

plants yellow in a day. Bushfires 
raced t h r o u g h the sc rub in successive 
s u m m e r s and left b lackened hillsides. 
N o fresh vegetat ion g rew, for t he 
su lphu r fumes killed almost all t he 
p lan t life wi th in miles of t he smel ters . 
Heavy rain began to erode t he top 
s o i l . . .' 

O n e week's exposure to a su lphur 
dioxide concentra t ion of 0 . 1 5 p . p . m . 
has been shown to cause visible damage 
to some p lan ts , a n d it is suspected tha t 
chronic injury to a few sensitive p lan t 
species can occur at m u c h lower annua l 
average concent ra t ions—even as low as 
0 . 0 3 p . p . m . 

B u t plants need su lphur . T h e y take 

it f rom t h e soil and the air , and su lphur 
dioxide added to t he a tmosphe re reduces 
t he r e q u i r e m e n t for su lphu r in fertilizers. 
Scientists in W e s t e r n G e r m a n y have 
es t imated tha t their count ry ' s annua l 
emissions of abou t 8 tonnes per square 
k i lometre benefit agr icul ture to t he 
ex ten t of $ U S 25 mill ion. 

D r Davey calculates tha t Austral ia ' s 
emiss ions , averaged over t he whole 
coun t ry , are e n o u g h to provide only 
abou t 2 % of t h e r equ i rement s of farm 
crops . I n Bri ta in , b y contras t , these 
needs are , on average, m e t and exceeded 
b y half. For tuna te ly a su lphu r i npu t five 
or six t imes h igher t h a n the m i n i m u m 
r e q u i r e m e n t has been shown no t to b e 
ha rmfu l . 

9 



fitted-out aeroplane will be flown t h r o u g h 
the p l u m e to collect air samples , which 
will be tes ted for su lphur ic acid, o ther 
su lpha tes , and o ther gases and part icles. 
Factors tha t affect the shape and c o m ­
posit ion of the p l u m e , such as wind 
speed and air t empera tu re , will be 
measured so that their effects can be 
worked out . T h e contents of smel ter 
emissions before they leave t he ch imneys 
will be analysed, and so will samples of 
the a tmosphere outs ide the visible p l u m e . 

Effects o f t h e g a s 

T h e project should tell us a lot about 
wha t happens to su lphur dioxide in the 
a tmosphere . It won ' t tell us any th ing 
about t he biological or o ther envi ron­
menta l effects of t he gas and the c h e m ­
icals it changes to , b u t it should provide 
useful background information for r e ­
searchers s tudying these . 

At t he C S I R O Division of Chemical 
Engineer ing in M e l b o u r n e , D r R o n 

Davey is drawing together information 
from a round the world on the effects. 
H e has publ ished a general review of the 
su lphu r si tuat ion in Austral ia, and is now 
examining existing information on the 
effects of su lphur compounds in t he 
a tmosphere on p lants . H e plans to 
follow this wi th a close look at the 
medical effects. His repor ts will help 
clarify what is known and what needs to 
be found out . 

Austral ia doesn ' t appear to have any 
major su lphur dioxide pol lut ion p rob lems 
at present , a l though people living near 
smelters can experience discomfort w h e n 
weather condit ions lead to sho r t - t e rm 
bu i ld -ups near t he g round . Levels in 
our cities are generally qui te low, and 
should stay that way as long as low-
su lphur fuels remain available. Fo r some 
t ime still, economic ra ther than envi ron­
menta l considerat ions are likely to de te r ­
mine whe the r new metal recovery t ech ­
nologies are in t roduced and whe the r 

power plants and factories remove su lphur 
dioxide from their emissions. However , 
wi th p roduc t ion and popula t ion con­
stantly increasing, it is encouraging to 
know tha t it is possible to b u r n fuels and 
separate copper , lead, z inc , and nickel 
from their ores wi thout pour ing su lphur 
dioxide into the air. 

M o r e a b o u t t h e t o p i c 

Recovery of copper from chalcopyri te 
concent ra te by means of su lphu r 
act ivat ion, cupr ic chlor ide leach, and 
electrolysis. K . J. C a t h r o . Proceedings 
of the Australasian Institute of Mining 
and Metallurgy, 1974, 252, 1-11. 

T h e convers ion of su lphur dioxide by 
react ion wi th carbon. J . D . Blackwood 
a n d D . J . M c C a r t h y . Pace, 175, 28, 
(in press) . 

T h e su lphu r p rob lem a n d the non-fer rous 
metal industr ies in Austral ia . T . R . A. 
Davey . Pace, 1973, 26, 2 0 - 2 7 . 

M e t h o d s of reduc ing or avoiding the 
generat ion of su lphur dioxide dur ing 
su lphide minera l t r ea tmen t . CSIRO 
Minerals Research Laboratories, Re­
search Review N o . 11 , 1973. 

Repor t from the Senate Select C o m m i t ­
tee on Air Pol lut ion. T h e Par l iament 
of the C o m m o n w e a l t h of Austral ia. 
Parliamentary Paper N o . 9 1 , 1970. 

'Annua l Resul ts of Air Pol lut ion M o n i ­
tor ing , 1973. ' (Division of Occu­
pational Hea l th and Pol lut ion Cont ro l , 
N e w Sou th Wales : Sydney 1974.) 

' T h e Peaks of Lyel l . ' T h i r d E d . G . 
Blainey. (Me lbou rne Univers i ty Press : 
M e l b o u r n e 1967.) 

' I n t roduc t ion to t he Scientific S tudy of 
Atmospher ic Pol lut ion. ' Ed . B . M . 
M c C o r m a c . ( D . Reidel Publ i sh ing 
C o m p a n y : D o r d r e c h t 1971.) 

Sulphur and health 

T h e difficulty of saying anyth ing very 
definite about t he medical effects of 
su lphu r dioxide pol lut ion is i l lustrated 
by the following quo te from the repor t 
of t he Senate Select Commi t t ee on Air 
Pol lut ion: 

' T h e Commi t t ee was unable to obta in 
any real evidence on the relat ionship 
be tween air pol lut ion and heal th in 
t he Austral ian env i ronmen t , a n d m a t ­
erial the Commi t t ee has read on over­
seas experiences is in m a n y ways 
inconclusive and conflicting. ' 

T h e Commi t t ee was talking about the 
effects of air pol lut ion in general . A t t e m p t ­
ing to separate ou t t he effects of su lphu r 
dioxide and o ther su lphu r c o m p o u n d s 
only increases t he p rob lem. 

A good deal of evidence exists correlat­
ing air pol lut ion containing bo th m i n u t e 
particles and su lphu r dioxide wi th in ter­
ference t o normal respiratory funct ion, 
increased susceptibil i ty to respiratory 
disease, a n d increased morta l i ty from 
cardio-respira tory causes. 

However , evidence also exists tha t 
su lphu r dioxide and su lphur ic acid mist 

on the i r own, in concentra t ions well above 
those measured du r ing the 1952 L o n d o n 
smog disaster, do no t cause respira tory 
p rob lems . Su lphur dioxide appears no t 
to pene t ra te fur ther t h a n the u p p e r 
respi ra tory t rac t , b u t combined wi th 
par t icula te pol lut ion it migh t pene t ra te 
fur ther . 

D r Davey ' s conclusion from his s tudy 
of t h e l i terature so far is tha t , in t he 
absence of appreciable par t iculate pol lu­
t ion , the safe l imit may be above 2 p . p . m . 
for long per iods , whereas it is m u c h lower 
in air heavily laden wi th part icles. 
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