
After water, superphosphate is probably the substance added 
in greatest quantity to Australia's soil. Phosphorus deficiency 
is a fact of life in most of Australia's food-producing areas, 
and fertilizers that remedy it—mainly superphosphate— 
account for at least 85% of our fertilizer consumption. 
Unfortunately, when superphosphate is spread across the 
land, so are small amounts of the impurities it contains, one 
of which is the toxic metal cadmium. 

A Nauru phosphate field after mining— 
pinnacles of coral are exposed. 

Over t h e pas t few years D r Col in 
Wil l iams a n d D r J o h n D a v i d , of t h e 
CSIRO Divis ion of P l an t I n d u s t r y i n 
Canbe r r a , have examined w h a t h a p p e n s 
to th is c a d m i u m . T h e y have f o u n d tha t 
mos t is re ta ined in t h e t o p por t ion of soil 
t h a t c rop a n d pas tu re p lan ts take the i r 
nu t r i en t s f rom, a n d t h a t t h e p lan ts 
incorpora te some of t h e meta l in the i r 
t i ssue . Howeve r , t h e quant i t ies appear t o 
b e too small to cause concern , except 
poss ib ly in vegetable plots t h a t have been 
ferti l ized very heavily for m a n y years . 

Resea rch h a s n ' t yet revealed any func­
t i on for c a d m i u m in t h e h u m a n b o d y , 
a l though very smal l quant i t ies can b e 
taken in apparen t ly wi thou t ill effect. T h e 
W o r l d H e a l t h Organiza t ion has p rov i ­
sionally r e c o m m e n d e d an in take l imit of 
400 t o 500 mic rograms (mil l ionths o f a 
g ram) a week. A s tudy in t h e U n i t e d 
Sta tes in 1969 sugges ted tha t t h e average 
Amer i can was swallowing abou t hal f th is 
a m o u n t w i t h his food. 

D r Wi l l i ams ' a n d D r D a v i d ' s analyses 
of vegetables g r o w n in various pa r t s of 
Aust ra l ia revealed a large r ange of 
c a d m i u m concent ra t ions , b u t t h e averages 
for par t icular vegetables were very s imilar 
t o those r ecorded in t h e Amer ican s tudy . 
So Austra l ians p robab ly take in similar 
a m o u n t s w i t h the i r food. Smaller a m o u n t s 
can also b e absorbed f rom air pol lu t ion , 
cigaret te smoke , a n d o ther sources . 

T h e W . H . O . l imit is well be low levels 
a t wh ich toxic effects have been observed , 
b u t m o r e informat ion is needed before a 
definite safe l imit can b e set. T h e po ison­
ous effects of big doses a re immedia te ly 
obvious . Smaller doses t aken over a per iod 
can cause chronic poisoning, w i th s y m p ­
toms inc lud ing severe a n d painful k idney 
disease a n d b o n e d isorders . I n t h e on ly 
ins tance recorded so far, r ice i r r igated b y 
water con tamina ted wi th c a d m i u m f rom 
m i n i n g t ips chronical ly po isoned m o r e 
t h a n 200 people in a Japanese fa rming 
c o m m u n i t y in t h e 1960s. 

S o u r c e o f t h e c a d m i u m 

Austral ia ' s supe rphospha t e is m a d e f rom 
rock p h o s p h a t e i m p o r t e d main ly f rom 
th ree i s l a n d s — N a u r u a n d Ocean I s land , 
nor th -eas t of Austra l ia , a n d Chr i s tmas 
I s land sou th of Java. T h e p h o s p h a t e h a d 
fo rmed f rom g u a n o , t h e accumula t ed 
droppings of seabirds . M o s t of t h e c a d ­
m i u m probab ly found its way the re via 
t h e b i r d s ' food; some of t h e small m a r i n e 
organisms t h a t t h e b i rds wou ld have ea ten 
accumula te qu i t e h igh concent ra t ions 
from the i r o w n food. 

D r Wil l iams a n d D r D a v i d m e a s u r e d 
c a d m i u m in rock phospha te s f rom t h e 
th ree islands a n d in supe rphospha t e m a d e 
in Aust ra l ia , a n d found t h a t m o s t if n o t 
all of t h e c a d m i u m originally p r e sen t ends 
u p in t h e fertilizer. T h e average concen­

t ra t ion in s u p e r p h o s p h a t e is abou t 40 
par t s p e r mil l ion. 

T o find ou t wha t happens w h e n t h e 
s u p e r p h o s p h a t e is sp read , they analysed 
soil f rom fields wi th k n o w n histories of 
fertilizer appl icat ion a n d f rom adjacent 
unfer t i l ized areas . T h e fertilized fields h a d 
b e e n u s e d for growing p a s t u r e , whea t , 
po ta toes , tobacco , celery, or o the r vege­
tab les , a n d five different soil types were 
r ep re sen t ed . 

T h e scient is ts ' readings indica ted t h a t 
a t least 8 0 % of t h e to ta l a m o u n t o f 
c a d m i u m a d d e d since supe rphospha t e 
was first u s e d h a d b e e n re ta ined i n t h e 
cul t ivated por t ion of four of t h e five soil 
t ypes . T h e except ion was a l ight sandy 
soil u s e d for vegetable-growing. T h e r e , 
a b o u t ha l f of t h e c a d m i u m h a d gone f rom 
t h e cul t ivated layer; p robab ly it was 
leached ou t b y t h e ra in . 

T o ga in a n idea of t h e i m p a c t of t h e 
heavy s u p e r p h o s p h a t e use b y commerc ia l 
vege tab le -growers—perhaps 2500 kg pe r 
h a , c o m p a r e d wi th ab o u t one - t en th of 
t h a t a m o u n t on crops a n d p a s t u r e s — t h e 
scientists analysed soil f rom seven marke t 
ga rdens . I ts average c a d m i u m con ten t 
t u r n e d ou t t o b e a b o u t t e n t imes grea ter 
t h a n t h a t of n e a r b y uncu l t iva ted so i l s— 
0 · 4 5 2 p . p . m . c o m p a r e d w i t h 0 · 0 4 8 p . p . m . 
Accura te records of t h e a m o u n t s of 
fertilizer used b y t h e marke t gardeners 
were n o t available, so t h e scientists could 
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no t work ou t t h e p ropor t ions of added 
c a d m i u m t h a t h a d r ema ined in t h e soil. 

M e a s u r i n g u p t a k e 

I n ano the r exper imen t , D r Wil l iams a n d 
D r D a v i d took soil f rom adjacent fer t i ­
lized a n d unfer t i l ized areas , p u t it in po t s , 
and p lan ted radishes . W h e n t h e p lants 
were 5 weeks old , t h e y measu red t h e 
c a d m i u m concent ra t ions in t h e rad i sh 
tops a n d roo t s . 

T w o of t h e ferti l ized soil samples h a d 
also been l imed, a n d t h e radishes g r o w n 
in these h a d sl ightly lower c a d m i u m 
contents t h a n those g r o w n in t he soil 
f rom n e a r b y unfert i l ized p lo t s . T h i s was 
desp i t e a considerably h igher c a d m i u m 
level in t h e soil. I t seems t h a t c a d m i u m 
becomes less available t o p lan ts as t he 
alkalinity of soil increases . 

However , w h e n t h e alkalinity was a b o u t 
t h e same in fertilized a n d unfert i l ized 
soils, t h e a m o u n t o f c a d m i u m taken u p b y 
the radishes increased wi th t he soil 's 
c a d m i u m conten t . T h e scientists u sed 
radishes in t h e exper imen t because these 
g r o w quickly and can ge t by in soil w i th 
low fertili ty. 

I n an expe r imen t to look at t h e effects 
of supe rphospha t e in whea t - fa rming , t h e y 
took soil a n d gra in samples f rom plots 
given various fertilizer t r e a tmen t s as p a r t 
of ano the r research project . T h e i r soil 
analyses revealed c a d m i u m concent ra ­
t ions r ising propor t ional ly wi th t he total 
a m o u n t of supe rphospha te applied. W h e n 
supe rphospha te was t h e only fertilizer 
u sed , t he c a d m i u m con ten t of t he whea t 
gra in increased i n t h e s ame m a n n e r ; in 
5 years it rose from 0 · 0 0 8 p . p . m . to a still 
very low 0 · 0 2 8 p . p . m . Unexpec ted ly , 
however , appl icat ion of a m m o n i u m ni t ra te 
also led to an increased c a d m i u m conten t 
in t h e gra in . T h e scientists haven ' t yet 
found an explanat ion for th i s . 

T u r n i n g to pas tu res , t hey found a 
similar direct re lat ion be tween t h e a m o u n t 
of supe rphospha t e a d d e d a n d the cad­
m i u m con ten t of sub te r ranean clover. T h e 
scientists calculate t h a t , w i th n o r m a l 
commerc ia l applicat ion o f supe rphospha te 
to crops a n d pas tures , c a d m i u m levels in 
mos t farm soils wou ld have increased b y 
some 0 · 1 - 0 · 2 p . p . m . over t he last 50 -60 
years . 

A general conclusion from t h e exper i ­
m e n t s , only some of wh ich have been 
descr ibed h e r e , is t ha t c a d m i u m spread 
wi th supe rphospha t e accumula tes in t he 
cul t ivated layer o f soil, a n d as long as it 
cont inues t o b e spread concentra t ions 
can b e expected t o keep r is ing. Also, the 
a m o u n t of c a d m i u m taken in to p lan t 
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Australian superphosphate 20-52 

unfertilized soil 0 ·013-0 ·13 

soil fertilized with superphosphate 0 ·076-0 ·560 

radish roots (no superphosphate) 0 ·10-0 ·28 

radish roots (superphosphate) 
0 ·14-0 ·73 

wheat grain (no superphosphate) 0 ·008 

wheat grain (5 years' superphosphate) 0 ·028 
potatoes from shops 

0 ·12-1 ·21 

tomatoes from shops 0 ·1 0 - 0 ·1 3 

Cadmium uptake by wheat grain is very 
small , but increases with superphos­
phate application. Why a m m o n i u m 
nitrate boosts cadmium uptake has not 
been determined. 

Plants differ greatly in the 
amounts of cadmium they 
absorb. The scientists suggest 
that levels in vegetables should 
be watched. 



Spreading superphosphate. 

tissues generally increases as the con­
centration in the soil grows. But other 
factors, particularly how acid or alkaline 
the soil is, can have big effects on uptake 
of the metal. 

Plants differ greatly in the amounts o f 
cadmium they absorb, and some portions 
of individual plants accumulate much 
more than others. Very little finds its way 
to cereal grains, so there seems to be no 
cause for concern there. Pasture plants 
take up more, but little o f this finds its 
way into meat and other animal products. 

T h e scientists suggest that cadmium 
levels in vegetables should be watched, 
although at present these seem, on the 
basis o f the limited evidence available, to 
be generally well below harmful concen­
trations. T h e risk exists that heavy use of 
superphosphate may eventually build up 
the cadmium content o f soil in some 
market gardens, and hence o f the vege-

Metals are spread widely 

Cadmium reaches its highest concentra­
tions in nature in compounds associated 
with zinc ores, and the pure metal is 
produced mainly as a by-product o f zinc 
recovery. However, like many other 
metals, it is also scattered in very small 
quantities throughout the land and living 
things. 

Trace quantities o f some of these metals 
are needed by plants and animals for 
healthy growth. Much o f Australia's 
agricultural soil is deficient in varying 
combinations of them, so small quantities 
are spread where they are needed, usually 
as additives in superphosphate. Metals 

tables these produce, to unacceptable 
levels. 

Fortunately some strong influences are 
working against this result. Important 
among them, the continual sprawl o f 
our cities tends to keep market gardens 
moving outwards, off soil that has been 
fertilized for decades. Another is the fact 
that our phosphate sources with the 
highest cadmium concentrations are run­
ning out quite rapidly. One of them, 
Ocean Island, will probably be exhausted 
in about 5 years and the other, Nauru, 
has only enough to keep up supplies for 
perhaps another 25 years. 

The third source being drawn on now, 
Christmas Island, produces phosphate 
with about half the cadmium concentra­
tion o f the material from the other two 
islands, and it should be able to keep up 
supplies for a long time still. T h e source 
likely to be tapped next is deposits in 

now added to the soil in different parts of 
Australia include boron, cobalt, copper, 
manganese, molybdenum, and zinc. 

While essential in small quantities, 
some of these metals are toxic i f too much 
is present. Other metals, of which cad­
mium and mercury are prime examples, 
perform no known useful functions in 
plants or animals and are toxic at quite 
low concentrations. 

The superphosphate used in Australia 
contains small quantities o f many impuri­
ties besides cadmium. These include the 
six metals, listed above, added to cope 
with deficiencies in the soil. T h e amounts 

northern Queensland, and their cadmium 
concentration is much lower—about one-
tenth o f the Nauru-Ocean Island level. 
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present are usually too small to have any 
noticeable effect, except in the case of zinc. 
CSIRO research in Western Australia 
has shown that the zinc impurity in 
superphosphate can supply a large part 
of the requirement of plants on zinc-
deficient soils. 

T h e other impurities in superphos­
phate seem to do no harm or good. Two 
major ones are iron and aluminium, but 
they are swamped by the large amounts o f 
these metals already occurring naturally 
in the soil. Others include fluorine, and 
small quantities of strontium and 
uranium. 
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