
Through a popular fairytale, fear of poisoned apples is 
instilled in most of us at an early age. In later life, many 
people conscientiously scrub or rinse fruit before taking a 
bite, to remove any chemical spray left on the surface. 
But, apart from its produce, can the orchard environment 
itself be contaminated by the pesticides used on fruit 
trees? 
Mr Richard Merry o f the CSIRO Division o f 

Soils in Ade la ide has been studying the 

question in the orchard regions o f South 

Australia and Tasmania. His work is the 

first to document the extent to which the 

copper , lead, and arsenic in some orchard 

sprays has accumulated in Australian soils, 

and the effects this accumulation may have 

on later land use. 

Dwindling hectares 

For nearly a century, fungicidal sprays such 

as the copper-containing Bordeaux mixture 

and copper oxychlor ide have been used in 

apple, pear, and stone fruit orchards, and 

on vineyard and vegetable crops . Lead ars

enate has also been used during this per iod 

to control a range o f chewing insects, 

especially codling moth . 

W h e n the United K i n g d o m jo ined the 

European E c o n o m i c Communi ty in the late 

1960s Australia's main market for apples 

and pears was lost, and since that time the 

area o f country taken up by orchards has 

decreased. Many o f these former orchards 

are close to the cities o f Ade la ide , Hobar t , 

and Melbourne . Over the last 40 years, at 

least 30 000 ha o f land originally producing 

p o m e fruits has b e c o m e available for other 

uses — grazing, urban development , and 

vegetable-growing. 

T o determine the extent and rates o f 

accumulation o f copper , lead, and arsenic 

in surface and subsurface soils, M r Merry , 

D r Kevin Tiller, also o f the Division, and 

D r Angus Als ton o f the University o f 

Ade la ide sampled the top 10 c m o f soil 

from orchards and former orchards in South 

Australia and Tasmania. Their results 

showed that copper , lead, and arsenic were 

present in amounts up to 25-35 times the 

concentrations they measured in 'uncon-

taminated' agricultural soils. 

Al though surface soil concentrations o f 

copper and lead appeared to parallel each 

other, many Tasmanian soils appeared to 

have arsenic concentrations well b e l o w 

those calculated from the mass ratios o f the 

elements in the lead arsenate spray used o n 

the orchards. In other words , arsenic was 

disappearing from surface soils at a higher 

rate than either lead or copper . 

In search o f an explanation, the resear

chers examined many representative soil 

profiles for features that could influence the 

mobility o f arsenic, copper , and lead. Near 

the surface, most soils contained enough 

clay and oxide minerals and sufficient 

organic matter to enable them to strongly 

adsorb coppe r , lead, and arsenic, making 

leaching o f these elements unlikely. The 

profiles showed no evidence o f their 

accumulation b e l o w 25-30 cm. 

H o w e v e r , in some Tasmanian soil pro

files, arsenic accumulated deeper , and in 

s o m e cases disappeared complete ly . Mr 

Merry p roposed two mechanisms to explain 

this loss o f arsenic from the surface soil. 

Leaching o f arsenic in, the acid sandy soils 

may have been assisted by phosphate ( P 0 4 ) 

f rom fertilizers, which is adsorbed in prefer

ence to arsenate ( A s O 4 ) and has a similar 

molecular structure. This wou ld displace 

arsenic to deeper adsorption sites. Alterna

tively, arsenic may b e lost from the soil to 

the atmosphere following microbial trans

formation to the volatile alkyl arsine. 

T h e disappearance o f arsenic from the 

surface o f o ld orchard soils doesn ' t mean 

that it no longer presents an environmental 

hazard — leached toxic elements may find 

their way into groundwater and contami

nate plants o r animals in streams and 

related parts o f the environment. 

M r Merry tested sediments from drain

age channels for coppe r , lead, and arsenic 
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The soil layers of a Tasmanian study site at 
Grove Sand. The top darker grey layer 
contains large amounts of copper and lead; 
the deeper thin brown layer (50-60 cm 
depth) contains most of the arsenic. Each 
segment in the tape represents 10 cm. 



and found traces o f arsenic in s o m e o f them. 
H e believes that arsenic is largely dispersed, 
but does not rule out the possibility that 
s o m e accumulation may have occurred. 

T h e pasture plants — ryegrass and white 
clover — growing on some o f the former 
orchard soils in Tasmania were also 
analysed for copper , lead, and arsenic con 
centrations. The concentrations in the 
plants generally were unrelated to total soil 
concentrations o f the elements. 

Al though copper levels in these plants 
f rom Tasmania were l ow , other pasture 
plants sampled in South Australia had con
centrations much higher than the r ecom
mended safe level for sheep o f 20 parts per 
million ( p . p . m . ) . Soil temperature differ
ences between Tasmania and South 
Australia offer a partial explanation. 
Increases in temperature can cause plants to 
accumulate m o r e coppe r than those grown 
at lower temperatures, as M r Merry's 
glasshouse experiments had shown. In his 
work o n South Australian sites, M r Merry 
found copper levels o f up to 50 p . p . m . in 
pasture plants, even though lead and ars
enic levels were be low safe standards. 

T h e pasture plants in both studies l o o k e d 
normal , displaying n o obvious toxicity 
symptoms — a significant observation given 
that many o f Australia's former orchards 
n o w support pastures, and many existing 
orchards with high concentrations o f c o p 
per , lead, and arsenic in the soil support 
g o o d stands o f grasses (usually with 
legumes) as ground cover . Accumulat ions 
o f toxic elements, especially arsenic and 
coppe r , could nevertheless cause decreased 
yields, a possibility needing further study. 

Despi te the results o n uptake by Tasman-
ian pasture plants, M r Merry 's earlier work 
and studies by other scientists have shown 
evidence o f a relation between concentra
tions o f lead, copper , and other elements in 
the soil and those in pasture, c rop , and veg
etable plants grown in contaminated soils in 
field and glasshouse experimental plots. 

T h e lack o f a simple correlation between 
plant and soil levels o f toxic elements may 
b e due to the effects o f other toxic elements, 
fertilizers, and different acidities found in 
contaminated soils. 

Danger to stock 

A s far back as 1951, a CSIRO researcher, D r 
L . B . Bull o f the then Division o f Animal 
Nutrition, found that toxaemic jaundice 
and haemoglobinuria among sheep grazing 
in the Ade la ide Hills were caused by excess 
copper in pastures. Concentrations there o f 
30-40 p . p . m . led to chronic copper poison
ing in sheep. Later studies showed that 
poisoning also occurs on pastures domi-

A t the Grove Sand site, most of the copper 
and lead present remains within the top 
10-20 cm of soil, while most of the arsenic 
sits on, or just below, the B horizon. In 
some soils, arsenic is virtually absent from 
the upper layers. 

nated by subterranean c lover with 'normal ' 
concentrations o f copper but with l o w 
molybdenum. In both Cases, the p rob lem 
results from the animal's high intake o f c o p 
per relative to molybdenum and sulfur. 

Cattle' are less sensitive to copper toxic
ity, and horses, pigs, and humans can toler
ate relatively high concentrations in the 
diet. Grazing animals consume soil adher
ing to plant material, so coppe r , lead, and 
arsenic additional to that in the pasture 
plants would contribute to the total 
amounts consumed. 

M r Merry has attempted to establish the 
effect o f former orchard soils o n vegetables 
grown for human consumption. By means 
o f glasshouse experiments, he examined the 
effects-of soil temperature, acidity, and fer
tilizers o n the copper , lead, and arsenic con
tents and growth o f both silverbeet and 
radishes. 

In the temperature experiment, silver-
beet grown at 22°C had almost twice the 
content o f copper as the same species grown 
at 12°C, although the pasture plant sub 
clover showed a less dramatic response than 
the vegetable. 

Plant uptake o f copper and lead appeared 
to increase with increasing acidity. Liming 
o f soil (which decreases acidity) decreased 
plant concentrations o f toxic elements; 
arsenic uptake, however , was unaffected by 
acidity changes. 

In many orchard areas, large amounts o f 
fertilizers are used every year. M r Merry 
applied equivalent amounts o f fertilizers to 
the orchard soils in glasshouse pots and 
found that, with the exception o f nitrogen, 
they had little immediate effect on coppe r , 

lead, and arsenic concentrations. But they 
are likely to reduce plant uptake in the long 
run — the role o f phosphates in reducing 
arsenic concentrations in topsoil has 
already been ment ioned. 

Addi t ion o f nitrogen to vegetables pro
duced a dramatic result: as the dosage o f 
nitrogen increased, arsenic concentrations 
in silverbeet fell greatly, a result that 
requires further investigation. 

T h e po t experiments indicated that the 
copper , lead, and arsenic contents o f vege
tables grown o n former orchard soils would 
not exceed established standards for human 
consumption. A n y w a y , vegetables grown in 
contaminated areas are likely to b e mixed 
with p roduce grown in normal soils. 

But M r Merry cited at least two poten
tially dangerous circumstances for humans: 
peop le growing, and largely consuming, 
their o w n vegetables o n highly contami
nated former orchard soils; and children in 
such areas eating dirt, a wel l-documented 
ch i ldhood practice. 

In future, the risk o f lead and arsenic 
toxicity will probably fall as their usage in 
pesticides ceases altogether. T h e commer 
cial application o f lead arsenate to crops in 
Australia has fallen rapidly since the intro
duction o f organic chemicals, and it is no 
longer used o n crops grown for export . But 
the use o f copper-containing sprays will 
continue and some monitoring o f copper 
concentrations seems necessary to avoid the 
development o f chronic toxicity in stock. 

H o w d o our orchard and former orchard 
soils compare with those in other countries? 
Coppe r , lead, and arsenic from orchard 
sprays accumulated in the South Australian 
and Tasmanian soils to concentrations grea
ter than 300, 550, and 100 p . p . m . respec
tively (compared with normal levels o f 20, 
10, and 5 ) . Coppe r concentrations were as 
high as, o r higher than, those reported from 
Florida and Canada, but much lower than 
those in some European vineyards. Lead 
and arsenic concentrations in Australia are 
closer to those reported from Canadian 
orchards, but the highest arsenic concentra
tions are much lower than those reported 
for some orchard soils in the United States. 

Mary Lou Considine 
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