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INTRODUCTION 

General 

The problem of l e a d p o l l u t i o n has a t t r a c t e d i n c r e a s i n g a t t e n t i o n i n 

r e c e n t y e a r s . Many s t u d i e s have l i n k e d the e l e v a t e d l e v e l s of lead,found 

i n a i r , s o i l s , and v e g e t a t i o n c l o s e to busy main roads, w i t h the e m i s s i o n 

of l e a d compounds from motor v e h i c l e s o Lead i s the major heavy metal 

p o l l u t a n t i n the v i c i n i t y of r o a d s . T h i s metal i s a n a t u r a l component of 

the E a r t h ' s c r u s t , i n which i t o c c u r s a t an average c o n c e n t r a t i o n of 16 p.p.m. 

I t i s an element w i t h no known b i o l o g i c a l f u n c t i o n and a c t s as a cumulative 

poiso n i n the mammalian body,, 

Other heavy metals have r e c e i v e d l e s s a t t e n t i o n as contaminants of 

the r o a d s i d e environment. E v i d e n c e has been found which suggests t h a t z i n c 

and cadmium, from motor o i l s and t y r e s , may contaminate s o i l s and p l a n t s 

near major highways ( L a g e r w e r f f and Specht, 1970)• These elements occur 

t o g e t h e r i n n a t u r e ; z i n c i s r e l a t i v e l y abundant i n the E a r t h ' s c r u s t w i t h 

an average c o n c e n t r a t i o n of 70 p.p am« I t i s an e s s e n t i a l m i n e r a l i n both 

p l a n t and animal metabolism. Cadmium has caused more concern because of 

i t s h i g h l y t o x i c n a t u r e , i t s long b i o l o g i c a l h a l f l i f e , and the a b i l i t y 

of the mammalian body to. c o n c e n t r a t e t h i s element (Jones, 1973)» Cadmium 

i s a f a i r l y r a r e metal w i t h an average c o n c e n t r a t i o n i n the E a r t h ' s c r u s t 

of only 0.5 p.p.m. 

Much of the work,on heavy metal contamination of roadside v e g e t a t i o n , 

has been prompted by concern t h a t crops grown c l o s e to busy roads might 

c o n t a i n c o n c e n t r a t i o n s t h a t a r e t o x i c to human and farm animal consumers. 

E f f e c t s upon r o a d s i d e i n v e r t e b r a t e fauna, and p o s s i b l e c o n c e n t r a t i o n along 

foodchains have been l e s s s t u d i e d . E l e v a t e d l e v e l s of l e a d have been 

r e p o r t e d i n a v a r i e t y of i n v e r t e b r a t e s sampled from s i t e s near busy roads 

( W i l l i a m s o n and Evans, 1972; G i l e s e t a l . , 1973; P r i c e e t a l . , 1972*), hut 

evidence suggests t h a t i n v e r t e b r a t e d i s t r i b u t i o n s and abundance a r e n o t 

a f f e c t e d by abnormally high c o n c e n t r a t i o n s of l e a d i n s o i l and v e g e t a t i o n . 



G e n e r a l i s a t i o n s cannot y e t be made on the evidence for c o n c e n t r a t i o n along 

foodchainSo Williamson and Evans (1972) found l e s s l e a d i n shrews from a 

r o a d s i d e verge, than i n t h e i r presumed i n v e r t e b r a t e prey,, However, P r i c e 

e t a l o (197^) demonstrated b i o l o g i c a l c o n c e n t r a t i o n of l e a d from i n s e c t 

h e r b i v o r e to c a r n i v o r e t r o p h i c l e v e l s , i n a r e a s w i t h h i g h exhaust e m i s s i o n . 

V a r i a t i o n s have been r e p o r t e d i n the heavy metal content of r o a d s i d e 

p l a n t s between s p e c i e s , s e a s o n s , and p a r t s of the p l a n t (Motto e t a l . , 1970; 

Haney e t a l . , 197'*; R a i n s , 1975)- T h i s might be expected to produce 

d i f f e r e n c e s between the l e a d burdens of i n v e r t e b r a t e h e r b i v o r e s and decomposers, 

and between s p e c i e s of h e r b i v o r e w i t h d i f f e r e n t food requirements. Some 

evidence i n support of t h i s i s p r o v i d e d by W illiamson and Evans (1972), who found 

h i g h e r l e v e l s of l e a d i n m i l l i p e d e s and w o o dlice, which feed . c h i e f l y on 

d ecaying v e g e t a t i o n , than i n o t h e r i n v e r t e b r a t e s from the same r o a d s i d e 

s i t e . However, l e a d e s t i m a t e s were not made f o r d i f f e r e n t components of 

the v e g e t a t i o n * 

T h i s study was c a r r i e d out a t a r o a d s i d e s i t e where heavy metal burden 

of the i n v e r t e b r a t e fauna was a l r e a d y the s u b j e c t of an e x t e n s i v e i n v e s t i g a t i o n 

(Po W i l l i a m s o n , p e r s o n a l communication). The work was undertaken i n order 

to determine the l e a d , z i n c and cadmium burden of a wide v a r i e t y of p l a n t s 

which were p o t e n t i a l components of i n v e r t e b r a t e food c h a i n s , and to examine 

the d i s t r i b u t i o n of l e a d w i t h i n p l a n t s of s e l e c t e d s p e c i e s . 

O r i g i n s of Lead P o l l u t i o n . 

I t ^ i s g e n e r a l l y a c c e p t e d t h a t Jjg_ad_.hag.^always_.been-a—coniponen-t—of--both——— 

Man's environment and of Man h i m s e l f , but l e v e l s have been e l e v a t e d by 

many hundreds of y e a r s of i n d u s t r i a l usage. The n a t u r a l r e l e a s e of l e a d 

i s minute by comparison w i t h the q u a n t i t y r e l e a s e d by anthropogenic a c t i v i t y 

( P a t t e r s o n , 1965)0 

The e f f e c t s of changes i n l e a d u t i l i s a t i o n can be t r a c e d i n n a t u r a l 

m a t e r i a l s . Murozumi e t a l (1969) found t h a t the l e a d content of Greenland 

2 



snow was l e s s than 0.001 g.kg , i n m a t e r i a l d a t i n g from 800 A.D., r i s i n g to 

more than 0.2 g.kg„ ^ i n r e c e n t y e a r s . Steep r i s e s were d e t e c t e d a f t e r 

about 1750 and a g a i n a f t e r 19 zi0, corresponding w i t h the I n d u s t r i a l R e v o l u t i o n 

and i n c r e a s e d use of leaded p e t r o l r e s p e c t i v e l y . 

A s i m i l a r h i s t o r i c a l l e a d g r a d i e n t was detected, i n mosses from 

museum c o l l e c t i o n s i n Sweden ( R u h l i n g and T y l e r , 1 9 6 8 ) . The c o n c e n t r a t i o n 

more than doubled i t s p r e v i o u s l e v e l of 20 p.p.m., i n mosses c o l l e c t e d 

d uring the y e a r s 1875 - 1900. A f t e r 1950 t h e r e was a r a p i d i n c r e a s e to a 

l e v e l of 80 - 90 p.p.m. The authors suggested t h a t the e a r l i e r r i s e 

r e f l e c t e d i n c r e a s e d c o a l usage, w h i l s t the second c o i n c i d e d w i t h i n c r e a s e d 

consumption of p e t r o l . Lee and T a l l i s (1973) found a s i m i l a r 19th c e n t u r y 

peak i n the l e a d burden of mosses from Manchester museum, but were unable 

to d e t e c t a second i n c r e a s e i n r e c e n t decades. 

The most important s i n g l e source of l e a d i n the atmosphere i s the 

combustion of leaded p e t r o l . T h i s view has been endorsed by o f f i c i a l 

bodies both i n Great B r i t a i n and the U n i t e d S t a t e s . The Department of the 

Environment (l97 ' 0 r e p o r t e d t h a t t h i s source may account f o r 90$ or more of 

a i r b o r n e l e a d , w h i l s t the N a t i o n a l Academy of S c i e n c e of America (1971) 

s t a t e d t h a t 98$ of t r a c e a b l e a i r b o r n e l e a d i s d e r i v e d from p e t r o l . 

Confirmatory evidence has r e c e n t l y been p r o v i d e d by the use of the i s o t o p i c 

r a t i o technique which enables the o r i g i n of environmental l e a d to be d e t e c t e d . 

By t h i s means, Chow and Johnston (1965) showed t h a t the dominant component 

of l e a d i n Los Angeles a i r was d e r i v e d from p e t r o l . - A u l t et-al«, (1970) 

and Rabinowitz and W e t h e r i l l (1972) demonstrated t h a t l e a d i n s o i l and 

v e g e t a t i o n c l o s e to t u r n p i k e s had a s i m i l a r i s o t o p i c r a t i o n t o t h a t i n 

p e t r o l . 

The Nature of Exhaust E m i s s i o n . 

Most of tVie l e a d v o i d e d from exhausts i s i n the form of p a r t i c u l a t e 

l e a d chlorobromide ( P b C l . B r ) . The combustion of l e a d a l k y l a n t i - k n o c k 

a d d i t i v e s produces oxides i n i t i a l l y , b ut these combine w i t h halogen scavengers 



to produce l e a d h a l i d e s , ammonium complexes, and s m a l l e r amounts of ot h e r 

l e a d s a l t s (Waldron and S t o f e n , 1974)o Much of the a i r b o r n e l e a d h a l i d e 

becomes converted i n t o l e a d c a r b o n a t e s , oxides and oxycarbonate (Ter Haar, 

1972)» Very s m a l l amounts of o r g a n i c l e a d a r e a l s o p r e s e n t i n ex h a u s t 

e m i s s i o n ; H i r s c h l e r and G i l b e r t (1964) found t h a t 0.023$ of l e a d burned by 

a s i n g l e c a r was d i s c h a r g e d i n the o r g a n i c form. 

The s i z e and nature of d i s c h a r g e d l e a d p a r t i c l e s determine t h e i r 

d i s t r i b u t i o n ; l a r g e p a r t i c l e s (>10/nm.) a r e de p o s i t e d w i t h i n a few hundred 

f e e t of the source, w h i l s t s m a l l p a r t i c l e s may be suspended f o r long 

p e r i o d s and become more w i d e l y d i s t r i b u t e d , , The nature of the v e h i c l e and 

op e r a t i n g c o n d i t i o n s i n f l u e n c e both the amount of l e a d d i s c h a r g e d and the 

s i z e of a e r o s o l p a r t i c l e s ( H i r s c h l e r and G i l b e r t , 1964; Ter Haar e t a l . , 

1972). 

Contamination of r o a d s i d e s o i l s by l e a d , z i n c and cadmium. 

Background l e v e l s of l e a d i n s o i l s from d i f f e r e n t s i t e s have been 

v a r i o u s l y r e p o r t e d as 6-14 p.p.m. (Maclean e t a l . , I969), l e s s than 50 p.p.in 

(Motto e t a l . , 1970), 25 p.p.m. (Dav i e s and Holmes, 1972) and 10-20 g per 

gram dry weight (Smith, 1975). I f 25 p.p.m., i s ac c e p t e d a s a b a s e l i n e , i t 

i s found t h a t s o i l samples taken w i t h i n a few meters of h e a v i l y t r a v e l l e d 

roads may range to more than 100 times b a s e l i n e . Bevan e t a l . (1974) 

found c o n c e n t r a t i o n s between 2,600 and 3»000 p.p.m. i n s o i l from the c e n t r a l 

r e s e r v a t i o n of the M.4 motorway. 

Numerous i n v e s t i g a t o r s have s t u d i e d the d i s t r i b u t i o n of l e a d i n s o i l s 

a t d i f f e r e n t d i s t a n c e s from major roads (Huhling and T y l e r , 1968; L a g e r w e r f f 

and Specht, 3970; Motto e t a l . , 1971; Davies and Holmes, 1972; Haney e t a l . , 

197^; and Ward e t a l . , 1974)» F i n d i n g s have g e n e r a l l y been s i m i l a r and may 

be summarised as f o l l o w s . 

1. S o i l s samples from s i t e s up to 100 f e e t from major roads show 

l e a d c o n c e n t r a t i o n s above background. Lead c o n t e n t tends to i n c r e a s e w i t h 

t r a f f i c volume and decrease w i t h d i s t a n c e from r o a d s . 



2 0 Most of the l e a d i s c o n c e n t r a t e d i n the top 10 cms. of the s o i l ; 

c o n c e n t r a t i o n s f a l l i n g o f f r a p i d l y w i t h depth. T h i s supports the v i e w 

t h a t the element i s r e l a t i v e l y immobile i n the s o i l , but may have c o n s i d e r a b l e 

s i g n i f i c a n c e f o r s h a l l o w rooted p l a n t s . 

The d i s t r i b u t i o n of z i n c and cadmium was s t u d i e d by L a g e r w e r f f and 

Specht (1970); r e s u l t s were g e n e r a l l y s i m i l a r to those f o r l e a d . High 

c o n c e n t r a t i o n s of one metal d i d not n e c e s s a r i l y e n t a i l h i g h c o n c e n t r a t i o n s 

of the other or of l e a d . Cadmium l e v e l s ranged from 0.9 - 1.82 p.p.m. and 

z i n c 32 - 85 pop.m. i n the top 5 cms. of s o i l , from s i t e s a t 8 meters 

from ro a d s . 

Chemical changes undergone by heavy metals i n the s o i l a r e i n c o m p l e t e l y 

understood, but i t has been s p e c u l a t e d t h a t r e a c t i o n of l e a d w i t h a n i o n s 

or w i t h c l a y or o r g a n i c matter complexes, c o n v e r t s t h i s element i n t o 

r e l a t i v e l y i n s o l u b l e forms (Smith, 1975). 

The consequences of heavy metal contamination of s o i l s a re d i f f i c u l t 

to a s s e s s . I t i s p o s s i b l e t h a t l e a d may be i n d e f i n i t e l y r e c y c l e d through 

b i o l o g i c a l systems ( A u l t e t a l . , 1970). Some degree of p r o t e c t i o n may be 

c o n f e r r e d by the a b i l i t y of p l a n t s to r e s t r i c t t h e i r uptake of some elements 

p r e s e n t i n excess ( P u r v e s , 1972), or to s t o r e them i n s t r u c t u r a l m a t e r i a l s 

(Pete r s o n , 

1971). T y l e r (1972) drew a t t e n t i on to p o s s i b l e consequences of 

a d i f f e r e n t n a t u r e . He s p e c u l a t e d t h a t l a r g e q u a n t i t i e s of heavy metal 

ions accumulated i n l i t t e r , by i o n exchange, co u l d l e a d to b l o c k i n g of 

n e g a t i v e l y charged orga n i c groups, i n c r e a s i n g the r e s i s t a n c e of l i t t e r to 

decomposition,, I t was suggested t h a t t h i s c o u l d r e s u l t i n l e s s n u t r i e n t 

c y c l i n g and reduced p r o d u c t i v i t y . T h i s i s c o n t r a d i c t e d by the work of 

W i l l i a m s o n and Evans (1972), who found t h a t h igh c o n c e n t r a t i o n s of l e a d i n 

s o i l s and v e g e t a t i o n d i d not reduce the abundance of decomposers. 

Contamination of Roadside V e g e t a t i o n . 

Many workers have s t u d i e d the magnitude and d i s t r i b u t i o n of the l e a d 

burden of r o a d s i d e v e g e t a t i o n ( R u h l i n g and T y l e r , 1968; Motto e t a l . , 1970; 

Page e t a l . , 1971; Davies and Holmes, 1972; L a g e r w e r f f e t a l . , 1973; 



Haney e t a l . , 197^5 a n ( * Graham and Kalman, 197'0» C o n c l u s i o n s may be 

summarised as f o l l o w s . 

1 0 Wild and c u l t i v a t e d p l a n t s growing c l o s e to main roads have 

e l e v a t e d l e a d l e v e l s ; v a l u e s as high as 950 p.p.m. (Graham and Kalman, 19 7 2 i ) , 

have been r e p o r t e d i n g r a s s sampled w i t h i n 20 meters of a highway. T h i s 

compares w i t h a p o s s i b l e background l e v e l i n " n a t u r a l " v e g e t a t i o n of l e s s 

than 5 p.p.m. The l e a d burden d e c r e a s e s w i t h d i s t a n c e from r o a d s , e s p e c i a l l y 

i n the a e r i a l p a r t s of p l a n t s ; most of the l e a d i s accumulated w i t h i n 

50 - 75 meters of the r o a d s i d e , w h i l s t between 100 - 150 meters c o n c e n t r a t i o n s 

f a l l to l o c a l background v a l u e s . 

2<> Lead l e v e l s i n v e g e t a t i o n i n c r e a s e w i t h t r a f f i c volume, although 

the c o r r e l a t i o n i s not always as c l e a r as t h a t shown by s o i l s . The l a t t e r 

may be e x p l a i n e d to some e x t e n t by the d i f f e r e n t nature of p l a n t m a t e r i a l 

examined a t d i f f e r e n t s i t e s . 

3. The d i r e c t i o n of the p r e v a i l i n g wind lias a s i g n i f i c a n t e f f e c t on 

the l e a d content of p l a n t s c l o s e to major roads; p l a n t s on the leeward 

s i d e of roads g e n e r a l l y c o n t a i n more l e a d than s i m i l a r p l a n t s on the 

windward s i d e . The magnitude of the- d i f f e r e n c e v a r i e s between s i t e s but 

may exceed a f a c t o r of two (Page e t a l . , 1971)« 

ke The l e a d burden i s not ev e n l y d i s t r i b u t e d throughout the p l a n t ; 

the a e r i a l p a r t s of p l a n t s c o n t a i n more l e a d than underground organs. 

I n s e v e r a l crop p l a n t s the d i s t r i b u t i o n f o l l o w s the order leaves>roots>stem; 

the magnitude of the d i f f e r e n c e between organs v a r i e s w i t h s p e c i e s . I n 

maize,the male i n f l o r e s c e n c e has been shown to c o n t a i n more l e a d than any 

other p a r t of the p l a n t (Motto e t a l . , 1970). The d i s t r i b u t i o n of l e a d 

w i t h i n w i l d s p e c i e s has been l e s s s t u d i e d . 

Many f a c t o r s i n f l u e n c e the d i s t r i b u t i o n of l e a d w i t h i n a r o a d s i d e 

p l a n t , t h e s e i n c l u d e the degree and d u r a t i o n of exposure, of d i f f e r e n t p a r t s 

of the p l a n t , to a i r b o r n e exhaust p a r t i c u l a t e s ; the a b i l i t y of the exposed 

s u r f a c e to accumulate l e a d , and the e x t e n t of uptake and t r a n s l o c a t i o n of 

s o i l l e a d . 



5» Reported l e a d l e v e l s show pronounced d i f f e r e n c e s between s p e c i e s 

of p l a n t s but i t i s d i f f i c u l t to g e n e r a l i s e , s i n c e few s t u d i e s a l l o w d i r e c t 

comparison of d i f f e r e n t s p e c i e s sampled from the same p l a c e , a t the same 

t i m e 8 Haney e t a l . , (197*0 compared one annual and one p e r e n n i a l s p e c i e s 

i n each of thr e e p l a n t f a m i l i e s and showed t h a t Gramineae had s i g n i f i c a n t l y 

l e s s l e a d than Fabaceae or Compositae. The study of crop p l a n t s suggests 

t h a t rough, h a i r y p l a n t s u r f a c e s accumulate more a i r b o r n e l e a d per u n i t 

time than smooth s u r f a c e s (Page e t a l . , 1971)» 

The z i n c and cadmium contents of r o a d s i d e p l a n t s has been l e s s s t u d i e d . 

L a g e r w e r f f and Specht (1970) determined l e a d , z i n c and cadmium i n g r a s s e s 

a d j a c e n t to fo u r busy r o a d s . A l l three metals d e c r e a s e d w i t h d i s t a n c e 

from roads, but metal c o n c e n t r a t i o n g r a d i e n t s w i t h d i s t a n c e d e c r e a s e d i n 

the order Pb, Cd, Zn„ Z i n c l e v e l s were 32 - 85 p.p.m. but cadmium on l y 

0.^9 - 0.95 p.p.m0 i n dry matter, a t 8 meters from ro a d s . 

Comparisons between r e p o r t e d heavy metal l e v e l s i n v e g e t a t i o n a r e 

complicated, not only by d i f f e r i n g a b i l i t i e s of s p e c i e s and organs to 

accumulate these m e t a l s , but a l s o by s e a s o n a l changes. Guha and M i t c h e l l 

(1966) examined changes i n the composition of l e a v e s from deciduous t r e e s . 

Lead c o n c e n t r a t i o n f e l l d u ring e a r l y S p r i n g growth, due p a r t l y to a f a s t e r 

i n c r e a s e i n dry matter than i n l e a d uptake. C o n c e n t r a t i o n s r o s e a g a i n from 

mid June ( a f t e r growth had c e a s e d ) , r e a c h i n g a maximum i n e a r l y October. 

M i t c h e l l and R o i t h (1966) found s i m i l a r changes i n u n p o l l u t e d p a s t u r e 

herbage from N.E. S c o t l a n d . Lead c o n c e n t r a t i o n remained low dur i n g a c t i v e 

growth, but l a t e r r o s e s t e a d i l y , even i n the dormant p l a n t , u n t i l l a t e 

Winter or e a r l y S p r i n g . I t was suggested t h a t the r i s e was caused by 

m o b i l i s a t i o n of l e a d from the r o o t s . R a i n s (1975) produced c o n t r a d i c t o r y 

evidence, when l e a d content was measured i n Avena f a t u a sods, maintained 

i n a greenhouse, w i t h f i l t e r e d a i r supply. A f t e r a f a l l i n c o n c e n t r a t i o n i n 

the S p r i n g , l e a d remained a t a low l e v e l d u r i n g the e n t i r e l i f e c y c l e of 

the p l a n t s . However, f i e l d grown p l a n t s showed a s t e a d y r i s e from l a t e 

June to a peak i n l a t e Winter. I t was concluded t h a t p l a n t m a t e r i a l which 



has senesced can a p p a r e n t l y continue to accumulate l e a d from the atmosphere. 

T y l e r (1972) b e l i e v e d t h a t the death,of a e r i a l p a r t s of p l a n t s , was accompanied 

by a r e d u c t i o n i n the a b i l i t y of r o o t s to a c t as a b a r r i e r to t r a n s l o c a t i o n 

of heavy m e t a l s , but a l s o t h a t breakdown of epiderm and c u t i c l e f a c i l i t a t e d 

s o r p t i o n by i o n exchange. 

Whatever the mechanism i n v o l v e d , the c o n c e n t r a t i o n of heavy metals , 

i n p l a n t l i t t e r and decaying o r g a n i c matter, must be of c o n s i d e r a b l e s i g n i f i c a n c e 

f o r the fauna which feed on these k i n d s of p l a n t m a t e r i a l . 

E n t r y of heavy metals i n t o r o a d s i d e p l a n t s . 

The r e l a t i v e c o n t r i b u t i o n s of s o i l uptake and a e r i a l d e p o s i t i o n to 

the heavy metal burden of contaminated p l a n t s i s i n c o m p l e t e l y r e s o l v e d , 

but i t i s c l e a r t h a t much of the f o l i a r metal i s p r e s e n t as a t o p i c a l 

c o a t i n g . S e v e r a l s t u d i e s have shown t h a t some of the l e a d i s removed by 

washing (Motto e t a l . , 1970; Page e t a l . , 1971; L a g e r w e r f f e t a l . , 1973; 

Ward e t a l . , 197^). Reported v a l u e s g e n e r a l l y l i e w i t h i n the range 0 - 56$ 

of the t o t a l l e a d content of l e a v e s removed by t h i s means. Large d i f f e r e n c e s 

between s p e c i e s can to some e x t e n t be e x p l a i n e d by d i f f e r e n c e s i n l e a f 

s u r f a c e s , but comparisons a r e c omplicated by d i f f e r e n t washing regimes 

employed. L i t t l e (1973) obtained s i m i l a r r e s u l t s f o r l e a v e s contaminated w i t h 

z i n c , l e a d and cadmium from a s m e l t e r complex. Washing removed l e s s cadmium 

and z i n c than l e a d , but the d i s t r i b u t i o n of each metal d i f f e r e d w i t h i n 

l e a v e s of any one s p e c i e s . 

A r v i k and Zimdahl (1974) showed, by means of c u t i c u l a r p e n e t r a t i o n 

t e s t s , t h a t v e r y l i t t l e f o l i a r uptake of l e a d occured on exposure to l e a d 

chlorobromide a e r o s o l s . Greenhouse c u l t u r e experiments have shown t h a t 

w h i l s t l e a d i s taken up by r o o t s , l i t t l e i s t r a n s l o c a t e d to a e r i a l p a r t s of 

p l a n t s (Motto e t a l . , 1970; L a g e r w e r f f e t a l . , 1973; R a i n s , 1975). Ryegrass 

grown i n c u l t u r e , s o l u t i o n w i t h added l e a d , and i n s o i l s from 16 s i t e s i n 

England and Wales, demonstrated t h a t r o o t s provide a b a r r i e r r e s t r i c t i n g the 

upward t r a n s l o c a t i o n of l e a d (Jones e t a l . , 1973 a, b ) . Alloway and Davies 

(1971) found l i t t l e d i f f e r e n c e between the z i n c content of the l e a v e s and 

r o o t s of r a d i s h e s grown on mine waste contaminated s o i l , s u g g e s t i n g t h a t z i n c 

i s more mobile w i t h i n the p l a n t . 



METHODS 

1. Study s i t e . 

The work was c a r r i e d out on a 43 m. s e c t i o n of the c e n t r a l r e s e r v a t i o n 

of the A . l road, 2.4 km south of Scotch Corner, North Y o r k s h i r e (N.Z. 202025). 

The l o c a t i o n i s shown i n f i g u r e 1. The ca r r i a g e w a y s a t t h i s p o i n t a r e 

s e p a r a t e d by a s t r i p of la n d 25 m. wide which harbours a mixed f l o r a of 

woodland, scrub and g r a s s l a n d s p e c i e s . Two rows of t r e e s of mixed Craetagus 

oxycantha L i n n . , Fagus s y l v a t i c a L i n n . , and F r a x i n u s e x c e l s i o r L i n n . , 

e n c l o s e a c e n t r a l g l a d e , i n which the v e g e t a t i o n l a r g e l y comprises woodland 

un d e r s t o r e y p l a n t s and g r a s s e s . The r e s e r v a t i o n i s bordered on both s i d e s 

by g r a s s v e r g e s . D e t a i l s of the s i t e a r e i l l u s t r a t e d i n f i g u r e 2. The 

est i m a t e d t r a f f i c volume f o r t h i s s e c t i o n of the road i s 24,642 v e h i c l e s 

per day. 

2. C o l l e c t i o n of p l a n t m a t e r i a l . 

With the e x c e p t i o n of the t r a n s e c t ( S e c t i o n 2. 3»), a l l p l a n t m a t e r i a l 

was sampled from a c e n t r a l s t r i p , 5m wide. 

2. ( i ) General Survey of heavy metal c o n c e n t r a t i o n s i n roadside v e g e t a t i o n . 

R e p r e s e n t a t i v e samples of l e a v e s were c o l l e c t e d , on 15th June 1976, from 

each of the twenty s p e c i e s l i s t e d i n Table 1. These s p e c i e s p o s s e s s a 

range of l e a f types d i f f e r i n g both i n gross morphology and nature of l e a f 

s u r f a c e s . 

To reduce any v a r i a b i l i t y i n heavy metal burden due to age and 

p o s i t i o n of p l a n t m a t e r i a l , l e a v e s were c o l l e c t e d only from p l a n t s growing 

i n the c e n t r a l s t r i p . The lowest two or three l e a v e s from each p l a n t were 

gathered, and a minimum of 20 were pooled to provide a s i n g l e sample f o r 

a n a l y s i s . I n a d d i t i o n , s e n e s c e n t l e a v e s were c o l l e c t e d from the f o l l o w i n g 

four s p e c i e s , Rumex o b t u s i f o 1 i u s , U r t i c a d i o i c a , D a d y l i s glomerata and 

F e s t u c a r u b r a . Those from g r a s s e s , were taken from w e l l bleached m a t e r i a l 

a t the base of clumps, and were the remains of the previous season's growth. 

Those iron: d i c o t y l e d o n s had grown dur i n g the c u r r e n t season, and g e n e r a l l y 

were s t i l l a t t a c h e d to the stems. 



Figure 1 Locat ion of Study Si te 
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Figure 2 Sketch map of study area 

Note ; tree and shiub canopy not measured, included for illustration only 
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Plate 1 Study area viewed from northbound car r iageway 
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Plate 2 Study area viewed from slip road 



Plate 3 Part of the cent ra l glade 
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Table 1. M a t e r i a l c o l l e c t e d f or general survey. 

Family . S p e c i e s L e a f type 

A r a l i a c e a e 

Compositae 

Dioscoreaceae 

Geraniaceae 

Gramineae 

L a b i a t a e 

P a p i l i o n a c e ae 

Polygonaceae 

Rosaceae 

Rubiaceae 

U m b e l l i f e r a e 

U r t i c a c e a e 

Hedera h e l i x Linn* 

C i r s i u m vulgare L i n n . 

Tamus communis S a v i . 

Geranium robertianum L i n n . 

Arrhenatherum e l a t i u s L i n n . 

Braehypodium s y l v a t i c u m Huds, 

D a c t y l i s glomerata L i n n . 

Deschampsia c a e s p i t o s a L i n n . 

F e s t u c a r u b r a L i n n . 

Holcus l a n a t u s L i n n . 

Poa t r i v i a l i s L i n n . 

Glechoma hederacea L i n n . 

Stachys s y l v a t i c a L i n n , 

V i c i a sepium L i n n . 

Rumex o b t u s i f o l i u s L i n n . 

Geuni r i v a l e L i n n . 

Rubus f r u t i c o s u s L i n n . 

Galium c r u c i a t a L i n n . 

Heracleum sphondylium L i n n . 

U r t i c a d i o i c a L i n n . 

Simple, glabrous 

P i n n a t i f i d , h a i r y 

E n t i r e , glabrous 

Deeply d i s s e c t e d , h a i r y 

E n t i r e 

E n t i r e , h a i r y 

E n t i r e , ribbed 

E n t i r e , ridged, rough 

E n t i r e , folded 

E n t i r e , h a i r y 

E n t i r e , s c a t t e r e d h a i r s 

E n t i r e , h a i r y 

Simple, s c a t t e r e d h a i r s 

Compound, s c a t t e r e d h a i r s 

E n t i r e , rough v e i n s on 
lower s u r f a c e with 
some h a i r s . 

Compound, h a i r y 

Compound, h a i r y 

E n t i r e , h a i r y 

Compound, h a i r y 

Simple, s c a t t e r e d h a i r s 

1 A 



2 0 ( i i ) D i s t r i b u t i o n of l e a d w i t h i n s e l e c t e d p l a n t s p e c i e s . 

A second c o l l e c t i o n was made i n J u l y 1976, to o b t a i n m a t e r i a l f o r an 

examination of the d i s t r i b u t i o n of l e a d w i t h i n the g r a s s A. e l a t i u s t the 

l a b i a t e So s y l v a t i c a and the n e t t l e U„ d i o i c a o These s p e c i e s were s e l e c t e d 

because they were w i d e l y d i s t r i b u t e d throughout the s i t e , and because the 

i n i t i a l s u r v e y had shown t h a t , of the dicotyledonous l e a v e s examined, those 

of S. s y l v a t i c a and U. d i o i c a c o n t a i n e d the h i g h e s t l e a d c o n c e n t r a t i o n s . 

G r a s s e s , i n c l u d i n g A_. e l a t i u s , c o n t a i n e d c o m p a r a t i v e l y l i t t l e l e a d i n 

growing l e a v e s , but high c o n c e n t r a t i o n s i n l i t t e r . 

F o r each s p e c i e s a minimum of 10 complete p l a n t s were removed from 
2 

each of t h r e e s i t e s , of a r e a about 4m , w i t h i n the c e n t r a l s t r i p . The 

l o c a t i o n s of the c o l l e c t i n g s i t e s f o r each s p e c i e s d i d not c o i n c i d e because 

of v a r i a t i o n s i n the p l a n t d i s t r i b u t i o n s , but i n each c a s e , one s i t e was 

s i t u a t e d a t the n o r t h e r n end, one i n the c e n t r a l r e g i o n and one a t the 

southern end of the study a r e a . P l a n t s from each s i t e were d i v i d e d i n t o a 

number of f r a c t i o n s , d e t a i l e d below, and m a t e r i a l from ten or more p l a n t s 

pooled. Samples were ana l y s e d s e p a r a t e l y i n order to d e t e c t d i f f e r e n c e s 

i n the l e a d burden between both p a r t s of p l a n t s and p a r t s of the study a r e a . 

The f o l l o w i n g p a r t s of p l a n t s were separated ( l e a v e s a r e numbered 

from the tops) :-

( a ) Arrhenatherum e l a t i u s . F l o w e r i n g t i l l e r s were c o l l e c t e d and 

t r e a t e d as s e p a r a t e p l a n t s ; i n most c a s e s t i l l e r s p o s s e s s e d s i x non-senescent 

l e a v e s . The f o l l o w i n g f r a c t i o n s were removed : l e a v e s 1 and 2, l e a v e s 5 and 

6, l e a v e s 7 and 8 ( i f these were not s e n e s c e n t ) , a t t a c h e d r e c e n t s e n e s c e n t 

l e a v e s , bleached s e n e s c e n t l e a v e s from the base of clumps, i n f l o r e s e c e n c e s , 

and culms. 

(b) U r t i c a d i o i c a . The t i p s of most p l a n t s possessed, approximately 

four s m a l l expanded l e a v e s w i t h s h o r t i n t e r n o d e s , i n a d d i t i o n to p a r t i a l l y 

expanded l e a v e s ai*ound the growing p o i n t s . P l a n t s a l s o had up to 6 l a r g e 

expanded l e a v e s (numbered 5 - 10 b e l o w ) 0 The f o l l o w i n g f r a c t i o n s were 

s e p a r a t e d : t i p s , l e a v e s 5 - 7 , l e a v e s 8 - 1 0 and stems. S e n e s c e n t l e a v e s 



were a l s o c o l l e c t e d ; some of these were s t i l l a t t a c h e d to stems, w h i l s t 

o t h e r s were trapped i n surrounding v e g e t a t i o n and appeared to have become 

detached q u i t e recently,, 

2 o ( i i i ) T r a n s e c t a c r o s s c e n t r a l r e s e r v a t i o n . 

To determine whether l e a d l e v e l s i n v e g e t a t i o n were c o r r e l a t e d w i t h 

d i s t a n c e from the car r i a g e w a y s and the d i r e c t i o n of the p r e v a i l i n g wind, 

U r t i c a d i o i c a was sampled a c r o s s the c e n t r a l r e s e r v a t i o n from the northbound 

to the southbound ca r r i a g e w a y . T h i s s p e c i e s was s e l e c t e d because, i n one 

a r e a , i t occured a t f r e q u e n t i n t e r v a l s a c r o s s much of the study s i t e . 

S t a t i o n s were marked out a t 2m i n t e r v a l s and m a t e r i a l c o l l e c t e d from the 

n e a r e s t cluinp of pl a n t s ' to each of these l o c a t i o n s . I n each c a s e , the 

low e s t two or three non-senescent l e a v e s were removed from a minimum of 

ten p l a n t s , i n order to provide s u f f i c i e n t m a t e r i a l f o r a n a l y s i s . 

At the west (northbound) end of the t r a n s e c t U. d i o i c a f i r s t occured 

a t the 2m s t a t i o n , w h i c h was s i t u a t e d i n a sh a l l o w d i t c h on the narrow 

g r a s s verge. P l a n t s d i d not occur a t the 6m s t a t i o n or beyond the l6m 

s t a t i o n . The l a t t e r was c l o s e to the d i t c h a t the e a s t s i d e oC.the s i t e , 

w i t h i n the a r e a e n c l o s e d by t r e e s , and l a y about 8m from the southbound 

ca r r i a g e w a y . 

3 o Washing of p l a n t m a t e r i a l . 

A comparison of heavy metal l e v e l s , i n washed and unwashed l e a v e s , 

was c a r r i e d out on ten of the s p e c i e s c o l l e c t e d f o r the g e n e r a l s u r v e y of 

heavy metal l e v e l s . The m a t e r i a l s e l e c t e d r e p r e s e n t e d a range of l e a f 

types and i n c l u d e d some s e n e s c e n t m a t e r i a l as f o l l o w s :-

Non s e n e s c e n t l e a v e s Senescent l e a v e s 

Arrhenatherum e l a t i u s D a c t y l i s glomerata 

Deschampsia c a e s p i t o s a , F e s t u c a r u b r a 

Geum r i v a l e Ur.tica d i o i c a 

Hedera h e l i x 

Rumex o b t u s i f o l i u s 

Rubus f r u t i c o s u s 

Tamus communis 

U r t i c a d i o i c a 



I n each c a s e , the c o l l e c t e d l e a v e s were d i v i d e d i n t o two p o r t i o n s , 

one of which was washed before a n a l y s i s by iminersior and a g i t a t i o n , f o r 

one minute, i n 4 s u c c e s s i v e baths of d i s t i l l e d water. Leaves were then 

a i r d r i e d o v e r n i g h t before being oven d r i e d . 

4, ( i ) P r e p a r a t i o n f o r a n a l y s i s . ' 

Envelopes, strengthened w i t h polythene tape, were used to h o l d p l a n t 

m a t e r i a l during d r y i n g , to a v o i d p o s s i b l e f u r t h e r contamination by heavy 

metals from t r a y s . M a t e r i a l was d r i e d i n a vacuum oven a t 40°C, f o r 7 2 

hours. T h i s regime was designed to minimise p o s s i b l e l o s s e s of l e a d ; 

Von Soinner e t a l . ( 1 9 7 1 ) have shown t h a t d r y i n g i n a f o r c e d draught oven, 

a t temperatures as low as 3 5 ° C , may cause l o s s e s of up to 5 0 $ of the l e a d 

from f r e s h p l a n t m a t e r i a l . 

A l l d r i e d m a t e r i a l was chopped f i n e l y w i t h s t a i n l e s s s t e e l s c i s s o r s . 

Leaves of d i c o t y l e d o n s were then ground u s i n g an unglazed mortar and p e s t l e ; 

a l l p a r t s of g r a s s e s and dicotyledonous stems were r e s i s t a n t to g r i n d i n g 

by t h i s method and a n a l y s e s of these were c a r r i e d out on the chopped m a t e r i a l . 

Samples v e r e s t o r e d over s i l i c a g e l u n t i l r e q u i r e d f o r a n a l y s i s . 

4. ( i i ) A n a l y s i s . 

Heavy metal contents of the v a r i o u s m a t e r i a l s were determined, by 

Atomic Absorption Spectrophotometry. S u i t a b l e sample s o l u t i o n s were prepared 

by wet o x i d a t i o n u s i n g n i t r i c / p e r c h l o r i c a c i d d i g e s t s , which were c a r r i e d 

out i n t r i p l i c a t e on each m a t e r i a l . The method was based on t h a t of W i l l i a m s o n 

( p e r s o n a l communication) which i n c o r p o r a t e s s a f e t y measures recommended by 

the Society f o r A n a l y t i c a l Chemistry ( 1 9 5 9 ) . 

I n most c a s e s , 2 cm of c o n c e n t r a t e d N i t r i c A c i d ( A r i s t a r ) were added 
3 

to an a c c u r a t e l y weighed sample of approximately 0 . 2 g i n a 2 5 cm c o n i c a l 
3 

f l a s k . Grass samples were bulky and r e q u i r e d 2 . 5 cm of a c i d to a c h i e v e 

e f f e c t i v e w e t t i n g of m a t e r i a l . The c o l d a c i d was allowed to a c t f o r approximately 

1 5 hours ( o v e r n i g h t ) by which time the danger of f r o t h i n g had been e l i m i n a t e d . 

Small g l a s s f u n n e l s , p l a c e d i n the necks of the f l a s k s , s e r v e d as condensers. 

17 



F l a s k s were then warmed on a h o t p l a t e f o r approximately one hour, 

and simmered f o r approximately 15 minutes. The b o i l i n g r a t e was a d j u s t e d 

so t h a t condensation washed down the i n s i d e s of the f l a s k s . The t i m i n g 

of the h e a t i n g s t a g e s was v a r i e d so t h a t almost a l l of the p l a n t m a t e r i a l 

was i n s o l u t i o n a t the end of b o i l i n g . 

D i g e s t s were allowed to c o o l before adding 1 cm^ of 60fo P e r c h l o r i c 

A c i d ( F o o d s t u f f s A n a l y s i s G r a d e ) . F l a s k s were then r e h e a t e d on the h o t p l a t e , 

the temperature being r e g u l a t e d to a c h i e v e a slow, even, b o i l w i t h o u t 

" s p i t t i n g " : i n the ease of g r a s s e s and some s e n e s c e n t m a t e r i a l s , t h i s 

r e q u i r e d v e r y c a r e f u l adjustment. Simmering was continued u n t i l w h i t e 

fumes began to appear from d i g e s t s ; the g l a s s f u n n e l s were then removed, 

d i g e s t s allowed to evaporate to d r y n e s s , and h e a t i n g continued u n t i l the 

e v o l u t i o n of white fumes had cea s e d . 

A f t e r c o o l i n g , the r e s i d u e was d i s s o l v e d i n 4 cm of 3 N H y d r o c h l o r i c 

A c i d ( A r i s t a r ) ; i n some c a s e s s l i g h t warming was n e c e s s a r y to a c h i e v e 

s o l u t i o n . D i g e s t s were f i l t e r e d through Whatman No. 1 f i l t e r papers i n t o 

screw-topped polythene b o t t l e s i n which they were s t o r e d , under r e f r i g e r a t i o n , 

u n t i l a n a l y s e s could be completed. 

Reagent blanks were i n c l u d e d and r e c e i v e d i d e n t i c a l treatment to the 

samples. 

A n a l y s e s were c a r r i e d out on a Pye Unicam S P 9 0 Atomic A b s o r p t i o n 

Spectrophotometer equipped w i t h hollow cathode lamps. An a i r / a c e t y l e n e flame 

was used i n each c a s e , and o p e r a t i n g parameters were as f o l l o w s :-

Wavelength S l i t Width A i r A c e t y l e n e 

Lead 283.3 nm 0 , 1 5 ™n. 4 o 5 l/min 0 . 7 l/min 

Z i n c 21*3,9 0 . 1 5 4 . 5 0 . 7 

Cadmium 228.8 0 . 1 5 ^ . 5 0 . 7 



F r e s h standards were prepared from master s t o c k s o l u t i o n s f o r each 

s e r i e s of a n a l y s e s ; these were made up as f o l l o w s -

( a ) Lead : The s t o c k s o l u t i o n of 1000 p.p.m. Pb c o n s i s t e d of 

0.9152 g of Pb(CH 3C00) 23H 20 d i s s o l v e d i n d e i o n i s e d water, a c i d i f i e d w i t h 
3 3 5cm of co n c e n t r a t e d N i t r i c A c i d , and made up to 500 cm . Ap p r o p r i a t e 

working standards w i t h i n the range 0.5 - 12 p.p.m. were prepared by 

s u c c e s s i v e d i l u t i o n . 

(b) Z i n c : The s t o c k s o l u t i o n of 1000 p.p.m. Zn c o n s i s t e d of 

2.1994 g of ZnSO^oTHgO d i s s o l v e d i n d e i o n i s e d water, a c i d i f i e d w i t h 5 cm^ 

of c o n c e n t r a t e d N i t r i c A c i d , and made up to 500 cm^« Working s t a n d a r d s 

were prepared w i t h i n the range of 0.5 - 7 p.p.m. 

( c ) Cadmium : The s t o c k s o l u t i o n of 500 p.p.m0 Cd was prepared by 

d i s s o l v i n g 0.5706 g of 3CdSOii<>8H20 i n d e i o n i s e d water, a c i d i f y i n g w i t h 

3 3 5 cm of conce n t r a t e d N i t r i c A c i d , and making up to 500 cm . Working 

standards were prepared w i t h i n the range 0.1 - 0.8 p.p.m. 

A s t a n d a r d curve was prepared f o r each b a t c h of a n a l y s e s and t h i s was 

checked by r e s p r a y i n g the standards a f t e r e v e r y twenty to t h i r t y samples. 

T y p i c a l s t a n d a r d curves a r e shown i n - f i g u r e s 3 to 5. Reagent blanks were 

sprayed and the r e s u l t s f o r samples a d j u s t e d a c c o r d i n g l y . Blanks d i d not 

c o n t a i n d e t e c t a b l e l e v e l s of l e a d and the r e s u l t s f o r z i n c and cadmium 

were e q u i v a l e n t to 0.1 and 0.03 p.p.m. i n s o l u t i o n r e s p e c t i v e l y . 

I n order to reduce heavy metal contamination from e x t e r n a l s o u r c e s , 

glassware was washed f i r s t i n 10$ H y d r o c h l o r i c A c i d , followed by fo u r 

washes i n d i s t i l l e d water w i t h a f i n a l r i n s e i n d e i o n i s e d water. A l l 

s o l u t i o n s were made up i n d e i o n i s e d w a t e r . 

k9 ( i i i ) C o r r e c t i o n f o r background absorbence. 

Atomic A b s o r p t i o n Spectrophotometry i s s p e c i f i c f o r a g i v e n element 

but the responsa of a p a r t i c u l a r element may be i n f l u e n c e d by ch e m i c a l 

i n t e r f e r e n c e from other components of the sample s o l u t i o n (Cooke, 1970). 

De V r i e s e t a l . (1975) have drawn a t t e n t i o n to the problem of a b s o r p t i o n 

caused by other components of p l a n t a sh s o l u t i o n , when determining cadmium 

and l e a d by Atomic A b s o r p t i o n Spectrophotometry. 
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Absorption readings may be c o r r e c t e d by the use of a hydrogen continuum 

lamp, but t h i s was not a v a i l a b l e d u r i n g my study. An attempt was made to 

determine c o r r e c t i o n f a c t o r s by a method of Wil l i a m s o n ( p e r s o n a l communication 

which has been used e f f e c t i v e l y i n a n a l y s e s of i n v e r t e b r a t e s f o r heavy 

m e t a l s . Using methodology m o d i f i e d from De V r i e s e t a l . (1975)» complexed 

heavy metals a r e e x t r a c t e d from s u i t a b l e d i g e s t s u s i n g an o r g a n i c s o l v e n t . 

The aqueous remainder of the d i g e s t i s s u b j e c t e d to Atomic a b s o r p t i o n 

Spectrophotometx-y to give a va l u e f o r background i n t e r f e r e n c e . 

Determinations were c a r r i e d out on ten types of p l a n t m a t e r i a l , which 

were c o n s i d e r e d to be r e p r e s e n t a t i v e of the range of m a t e r i a l s a n a l y s e d 

i n the study. These were, U n d i o i c a l e a v e s , U„ d i o i c a s e n e s c e n t l e a v e s , 

So s y l v a t i c a l e a v e s , S. s y l v a t i c a s e n e s c e n t l e a v e s , A. e l a t i u s . l e a v e s , 

A. e l a t i u s s e n e s c e n t l e a v e s , D. glomerata l e a v e s , D. glomerata s e n e s c e n t 

l e a v e s , C. v u l g a r e l e a v e s , and G. robertianum l e a v e s . Four a c c u r a t e l y 

weighed samples of each p l a n t m a t e r i a l were taken, the sample s i z e s being 

approximately 0.1, 0.2, 0.3 and 0.4 g r e s p e c t i v e l y . These were s u b j e c t e d 

to the u s u a l a c i d d i g e s t i o n procedure, but a f t e r e v a p o r a t i n g t o . d r y n e s s , 
3 

were d i s s o l v e d i n 2.5 cm of 3N H y d r o c h l o r i c A c i d and the r e s u l t a n t 
3 

s o l u t i o n s t r a n s f e r r e d to 5cm v o l u m e t r i c f l a s k s . One drop of Thymol Blue 

i n d i c a t o r was added to each f l a s k and the pH a d j u s t e d to 2.8 ( p i n k to y e l l o w 

c o l o u r change) by a d d i t i o n of c o n c e n t r a t e d (880) Ammonia. F i n a l adjustment 

was a c h i e v e d u s i n g 3N Ammonia and 3N H y d r o c h l o r i c a c i d . S o l u t i o n s were 

made up to volume w i t h d e i o n i s e d water before t r a n s f e r r i n g to t e s t tubes. 

Heavy metals were e x t r a c t e d u s i n g a 1% w/v s o l u t i o n of Diethylammonium 

D i e t h y l d i t h i o c a r b a m a t e (DDDC) i n Methyl I s o b u t y l Ketone (MIBK): the s o l u t i o n 
3 

was f r e s h l y prepared f o r each s e r i e s of e x t r a c t i o n s . 3 cm of DDDC/MIBK 

s o l u t i o n were added to each d i g e s t s o l u t i o n and the mixture a g i t a t e d f o r 

1 minute. Tubes were then l e f t f o r 1 - 2 minutes to a l l o w the o r g a n i c 
» 

l a y e r to r i s e to the s u r f a c e , i t was then removed by means of a bulb 

p i p e t t e . The remaining s o l u t i o n s were f i l t e r e d through Whatman No. 1 papers, 



and s t o r e d i n polythene b o t t l e s u n t i l a n a l y s e s c o u l d be completed. 

The a b s o r p t i o n of s o l u t i o n s was measured on the Atomic A b s o r p t i o n 

Spectrophotometer a t the resonance wavelengths f o r l e a d , z i n c and cadmium. 

When a s p i r a t i n g these s o l u t i o n s , a white d e p o s i t accumulated i n the burner 

head s l i t l e a d i n g to q u i t e r a p i d d e t e r i o r a t i o n of the flame. As a r e s u l t 

of the need to r e s p r a y many of the samples, i n s u f f i c i e n t s o l u t i o n was 

a v a i l a b l e , and a b s o r p t i o n could not be measured a t a l l t h r e e wavelengths 

i n every c a s e . 

The r e s u l t s were i n c o n s i s t e n t , p a r t i c u l a r l y i n the case of z i n c and 

cadmium, and c o r r e c t i o n f a c t o r s could not be determined f o r these two 

elements. R e s u l t s a re d i s p l a y e d i n Appendix 1. "Apparent" c o r r e c t i o n 

graphs f o r l e a d are d i s p l a y e d i n f i g u r e s 6 and 7 but g r e a t r e l i a n c e s h o u l d 

not be p l a c e d on the c o r r e c t i o n f a c t o r s determined f o r t h i s element. 

R e s u l t s f o r l e a d a r e presented throughout the study i n an u n c o r r e c t e d form; 

an i n d i c a t i o n of p o s s i b l e c o r r e c t e d v a l u e s i s shown i n T a b l e . 2 and Appendix 2 

Cooke (1970) suggests an a l t e r n a t i v e method f o r the d e t e r m i n a t i o n of 

background c o r r e c t i o n v a l u e s by measuring a t a wavelength, emitted by the 

hollow cathode lamp a d j a c e n t to the resonance wavelength f o r the element, 

but a t which the element i t s e l f does not absorb. S u i t a b l e l i n e s are not 

a v a i l a b l e f o r z i n c or cadmium, but an attempt was made to determine a 

c o r r e c t i o n value f o r l e a d i n t h i s manner. Scanning the spectrum emitted 

by the l e a d lamp showed t h a t the n e a r e s t non-absorbing l i n e , of s u i t a b l e 

i n t e n s i t y , occured a t 348 nin, t h i s i s f a r removed from the resonance 

wavelength f o r l e a d a t 283.3nm» The e x t e n t of " s c a t t e r " due to background 

i n t e r f e r e n c e i s wavelength dependant and d e c r e a s e s s i g n i f i c a n t l y a t 

wavelengths g r e a t e r than 300 nm. Absorption a t the 348 nm l i n e cannot 

t h e r e f o r e be c o n s i d e r e d to provide an a c c u r a t e i n d i c a t i o n of i n t e r f e r e n c e . 

Values measured a t t h i s wavelength were e q u i v a l e n t to 0.1 - 0.4 p.p.m. 

i n s o l u t i o n . 
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Figure 7 Apparent Correction Factors for Lead 

ppm Pb 
C-vulgare 
leaves 

ppm Pb 
A-elatius 

•leaves 
xsenescent leaves 

ppm Pb 
p. glomerata 

•leaves 
^senescent leaves 

20 40 .60 
g l ^ plant material in so lu t ion 

80 



RESULTS 

5 o General survey of heavy metal c o n c e n t r a t i o n s i n road s i d e v e g e t a t i o n . 

5 . ( i ) Heavy metal l e v e l s i n leaves» 

Lead, z i n c and cadmium were determined i n the l e a v e s of 2 0 p l a n t 

s p e c i e s ; r e s u l t s are pres e n t e d i n Tables 2 to 4 . I n every case the 

c o n c e n t r a t i o n of l e a d found was g r e a t e r than the maximum n a t u r a l background 

l e v e l of 5 p.p.m. proposed by Smith ( 1 9 7 5 ) • 

V a r i a t i o n between s p e c i e s was c o n s i d e r a b l e ; mean c o n c e n t r a t i o n s 

ranged from 1 2 . 3 3 p.p.m. i n the dry matter of D. c a e s p i t o s a to 81.81 p.p.m. 

i n £5. s y l v a t i c a . G r a s s e s c o n t a i n e d l e s s l e a d than other p l a n t s sampled; 

a p p l i c a t i o n of the "Students t - t e s t " showed t h i s to be a s i g n i f i c a n t 

d i f f e r e n t ( g r a s s e s 2 0 . 8 9 - 2 . 3 0 ( 7 s a m p l e s ) ; d i c o t y l e d o n s 3 9 * 8 0 - 4 . 5 5 p.p.m. 

( 1 3 samples); t = 3 . 7 1 , p < . 0 0 2 ) . 

Although l e a v e s of the d i f f e r e n t s p e c i e s of d i c o t y l e d o n s v a r i e d i n 

morphology, i t was not p o s s i b l e to c o r r e l a t e v a r i a t i o n s i n t h e i r l e a d 

c ontents w i t h most morphological d i f f e r e n c e s . Three s p e c i e s (H, h e l i x , 

T. communis, and R. o b t u s i f o l i u s ) possessed glabrous or almost glabrous 

l e a v e s and, as expected, these had r e l a t i v e l y low l e a d c o n c e n t r a t i o n s , 

2 8 . 3 6 , 29.41 and 2 1 . 9 9 p.p.m. r e s p e c t i v e l y . However, the l e a d content of 

the l e a v e s of h a i r y s p e c i e s ranged between the r e l a t i v e l y low l e v e l of 

2 0 . 3 8 p.p.m. i n dry matter of G. r i v a l e to the hi g h l e v e l of 8 1 . 7 1 p.p.m. 

found i n S. s y l v a t i c a . 

Z i n c c o n c e n t r a t i o n s i n the d i f f e r e n t s p e c i e s ranged from 1 5 . 5 1 to 

1 0 5 . 1 3 p.p.m. i n dry matter. A comparison w i t h background l e v e l s i s 

d i f f i c u l t because the n a t u r a l z i n c content of p l a n t s v a r i e s w i d e l y ; Hewitt 

e t a l . ( 1 9 7 5 ) suggest 1 5 - 7 5 p.p.m. i n dry matter as a range f o r the 

"normal" z i n c content of l e a v e s . However the l e v e l s found i n the p r e s e n t 

study were comparable w i t h those r e p o r t e d by L a g e r w e r f f and Specht ( 1 9 7 0 ) , 

f o r p l a n t s growing near busy main roads. The z i n c content of g r a s s e s was 

l e s s than t h a t of other p l a n t s sampled and t h i s was shown to be a s i g n i f i c a n t 

d i f f e r e n c e by a p p l i c a t i o n of the "Student's t - t e s t " ( g r a s s e s 2 5 . 4 3 - 2 . 8 4 



p.p.m. ( 7 s a m p l e s ) ; d i c o t y l e d o n s 4 9 * 6 9 - 5 « 9 0 p.p.m. ( 1 3 s a m p l e s ) ; 

t = 3 o 7 1 . p < . 0 0 2 ) o 

No evidence was found of c o r r e l a t i o n between l e a f morphology and z i n c 

c o n c e n t r a t i o n s ; l e v e l s i n s p e c i e s of d i c o t y l e d o n s w i t h h a i r y l e a v e s ranged 

from the r e l a t i v e l y low v a l u e of 2 5 o 5 9 p.p.m. found i n R. f r u t i c o s u s to 

the high v a l u e of 1 0 5 . 1 3 p.p.m. i n G. hederacea. Some glabrous l e a v e s 

c o n t a i n e d r e l a t i v e l y h i gh z i n c l e v e l s (H. h e l i x 6 1 . 0 1 and T. communis 4 7 . 1 7 

PoP.m. i n dry m a t t e r ) , w h i l s t those of R. o b t u s i f o l i u s contained a r e l a t i v e l y 

low c o n c e n t r a t i o n ( 2 9 . 0 2 p.p.m.). 

Those s p e c i e s sampled, which contained high l e a d c o n c e n t r a t i o n s , 

d i d not n e c e s s a r i l y have h i g h z i n c c o n c e n t r a t i o n s ; the r e l a t i o n s h i p between 

c o n c e n t r a t i o n s of the two metals i s shown i n f i g u r e 8 . C o r r e l a t i o n between 

l e a d and z i n c l e v e l s was examined u s i n g K e n d a l l ' s rank c o e f f i c i e n t : no 

s i g n i f i c a n t c o r r e l a t i o n was found ( T ^ = 0 . 4 1 ; p > 0 . l ) . 
Jo 

G r e a t r e l i a n c e cannot be p l a c e d i n the r e s u l t s of cadmium de t e r m i n a t i o n s 

s i n c e r e p l i c a t e a n a l y s e s o f t e n showed c o n s i d e r a b l e v a r i a t i o n . The range 

of v a l u e s found was low and the e f f e c t of background i n t e r f e r e n c e i s 

u n c e r t a i n . None of the g r a s s e s examined contained l e v e l s of cadmium which 

were d e t e c t a b l e by the method employed, w h i l s t v a l u e s f o r other p l a n t s 

ranged from 0 (below d e t e c t i o n l e v e l ) to 1 . 5 8 p.p ,m. i n dry matter. Most 

of the v a l u e s were w i t h i n the range r e p o r t e d f o r n a t u r a l v e g e t a t i o n ( i n s k i p , 

1 9 7 3 ) of 0 . 1 - 1 . 0 p.p.m. i n dry matter: only £„ v u l g a r e ( l . 5 8 p.p.m.) 

exceeded t h i s by any l a r g e amount. 

5 . ( i i ) Comparison of ~hegvy~nietal contents of l i v i n g and sen e s c e n t l e a v e s . 

The heavy metal contents of l i v i n g and s e n e s c e n t l e a v e s were compared 

i n the f o l l o w i n g p l a n t s p e c i e s , U. d i o i c a , R. o b t u s i f o l i u s , D. glouierata and 

F. r u b r a . R e s u l t s are d e t a i l e d i n Table 5 « L e v e l s of l e a d and z i n c were 

s i g n i f i c a n t l y g r e a t e r i n s e n e s c e n t than i n l i v i n g l e a v e s of a l l four s p e c i e s . 

The d i f f e r e n c e s between c o n c e n t r a t i o n s i n these two ki n d s of p l a n t m a t e r i a l 

were g r e a t e r f o r l e a d than f o r z i n c , and, f o r both elements, g r e a t e r i n 

g r a s s e s than i n the two s p e c i e s of fo r b s examined. Senescent l e a v e s of 



the two g r a s s e s contained p a r t i c u l a r l y high c o n c e n t r a t i o n s of l e a d , 

r e p r e s e n t i n g approximately 9 - 1 0 f o l d i n c r e a s e s over c o n c e n t r a t i o n s found 

i n l i v i n g l e a v e s . 

The cadmium a n a l y s e s provide an i n d i c a t i o n of i n c r e a s e d c o n c e n t r a t i o n s . 

i n the s e n e s c e n t l e a v e s of R. o b t u s i f o l i u s , but t h i s may not be r e a l i n 

view of the o v e r a l l v a r i a b i l i t y i n the r e s u l t s of cadmium d e t e r m i n a t i o n s . 

5o ( i i i ) Comparison of heavy metal c o n c e n t r a t i o n s i n unwashed aud washed l e a v e s 

Heavy metal c o n c e n t r a t i o n s were compared i n unwashed and washed 

l e a v e s of nine p l a n t s p e c i e s and i n s e n e s c e n t l e a v e s of thr e e s p e c i e s ; 

r e s u l t s of a n a l y s e s a r c shown i n Table 6 . The d i f f e r e n c e s were examined 

u s i n g "Student's t - t e s t s " and l e v e l s of p r o b a b i l i t y f o r s i g n i f i c a n t 

d i f f e r e n c e s a r e shown i n Table 7« Washing d i d not a f f e c t the c o n c e n t r a t i o n s 

of l e a d or z i n c s i g n i f i c a n t l y i n l e a v e s of the four s p e c i e s (J. v i i l g a r e , 

R. o b t u s i f o l i u s , A. e l a t i u s and D. c a e s p i t o s a , or i n s e n e s c e n t l e a v e s of 

D. glomerata. I n a d d i t i o n , washing d i d not lower the c o n c e n t r a t i o n s of 

z i n c s i g n i f i c a n t l y i n l i v i n g or s e n e s c e n t l e a v e s of U. d i o i c a . No evidence 

was found t h a t "apparent" cadmium l e v e l s were s i g n i f i c a n t l y a f f e c t e d by the 

washing p r o c e s s . 

I n the remaining s p e c i e s ( s e n e s c e n t and non-senescent l e a v e s ) , the 

percentages of heavy metals removed by washing were w i t h i n the ranges 

15 - 57 and 10 - 32 f o r l e a d and z i n c r e s p e c t i v e l y . D e t a i l s f o r each 

s p e c i e s are l i s t e d i n Table 8 . The c o n s i d e r a b l e v a r i a t i o n i n l o s s e s which 

occured between s p e c i e s could not be r e l a t e d to d i f f e r e n c e s i n l e a f morphology. 

With one e x c e p t i o n ( F . r u b r a , s e n e s c e n t l e a v e s ) , washing removed a 

g r e a t e r percentage of l e a d than z i n c . To d i s c o v e r whether l e a d and z i n c 

" d e p o s i t i o n " was i n f l u e n c e d by s i m i l a r f a c t o r s , c o r r e l a t i o n between 

percentages of the two elements removed from s p e c i e s was examined by K e n d a l l ' s 

rank c o e f f i c i e n t T^. A s i g n i f i c a n t c o r r e l a t i o n was not found (T_ = - 0 . 5 2 3 ; 
Jo JJ . 

P > . 0 5 ) . 

A n a l y s i s of l e a v e s of H. h e l i x produced an anomalous r e s u l t i n the 

case of z i n c , s u g g e s t i n g t h a t the c o n c e n t r a t i o n of t h i s element was i n c r e a s e d 

2 9 



s i g n i f i c a n t l y i n l e a v e s when they were washed. I t seems probable t h a t 

contamination occured during some p a r t of the washing p r o c e s s or p r e p a r a t i o n 

of m a t e r i a l f o r a n a l y s i s , s i n c e a l l v a l u e s f o r washed l e a v e s were h i g h e r 

than a l l v a l u e s f o r unwashed. The d i s t i l l e d water used contained i n s i g n i f i c a n t 

amounts of heavy m e t a l s , but contamination could have occured w h i l s t l e a v e s • 

were being a i r - d r i e d . 

6 0 D i s t r i b u t i o n of l e a d w i t h i n p l a n t s of s e l e c t e d s p e c i e s . 

I.,ead c o n c e n t r a t i o n s were determined i n d i f f e r e n t f r a c t i o n s from p l a n t s 

of t h r e e s p e c i e s , sampled from each of three s i t e s w i t h i n the study a r e a . 

S i t e s were numbered as f o l l o w s : l a , 2 a , 3a f o r U. d i o i c a , l b , 2b , 3b f o r 

S. s y l v a t i c a , and l c , 2 c , and 3c f o r A. e l a t i u s . S i t e s f o r the three 

s p e c i e s were i n the same s e c t i o n of the study a r e a , but d i d no.t c o i n c i d e , 

and were s e p a r a t e d by s e v e r a l meters i n some i n s t a n c e s . S i t e s l a - l c were 

i n the southern p a r t , 2a - 2c i n the c e n t r a l s e c t i o n , and 3a - 3c i n the 

n o r t h e r n p a r t of the study a r e a . R e s u l t s are d e t a i l e d i n Appendix 2 and 

ar e shown g r a p h i c a l l y i n f i g u r e s 9 - H o 

60 ( i ) D i s t r i b u t i o n of l e a d w i t h i n p l a n t s . 

( a ) U r t i c a d i o i c a : Stems c o n t a i n e d the lowest l e a d c o n c e n t r a t i o n s ; mean 

v a l u e s d i d not exceed 11 p.p.m. i n dry matter. I n the remaining f r a c t i o n s 

of p l a n t s , l o v e r ( o l d e r ) p a r t s c o n t a i n e d more l e a d than upper (younger) 

p a r t s . The magnitude of c o n c e n t r a t i o n s descended i n the order s e n e s c e n t 

l e a v e s > l e a v e s 8 - 10"> l e a v e s 5 - 7 > t i p s > stems. At a l l s i t e s the l e a d 

c o n t e n t of the lowest group of l i v i n g l e a v e s (8 - 10) was approximately 

1 . 5 times, and t h a t of s e n e s c e n t l e a v e s almost t w i c e , t h a t of the upper 

group of l a r g e , expanded l e a v e s ( l e a v e s 5 - 7 ) » 

( b ) S t a c h y s s y l v a t i c a : The d i s t r i b u t i o n of l e a d c o n c e n t r a t i o n s w i t h i n 

p l a n t s followed a s i m i l a r t r e n d to t h a t i n the p r e v i o u s s p e c i e s . L e v e l s 

d e c r e a s e d u s u a l l y i n the order s e n e s c e n t l e a v e s > l e a v e s 3 or 4 - 5 > l e a v e s 

1 - 2 > i n f l o r e s c e n c e > stems. The r e l a t i o n s h i p between l e a v e s 3 and l e a v e s 

4 - 5 d i f f e r e d between s i t e s , and a t s i t e 2b, i n f l o r e s c e n c e s contained as 

much l e a d as the lo w e s t l i v i n g l e a v e s . 
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The magnitude of the d i f f e r e n c e i n c o n c e n t r a t i o n s , between upper and 

lower l i v i n g l e a v e s , was s i m i l a r to t h a t found i n U. d i o i c a , but s e n e s c e n t 

l e a v e s c o n t a i n e d between 2 and 5 times as much l e a d as the upper l e a v e s . 

A h i g h l e v e l of l e a d (more than 250 p.p.m. i n dry ma t t e r ) was found i n 

s e n e s c e n t l e a v e s from s i t e 2b„ 

( c ) Arrhenatherum e l a t i u s : The d i s t r i b u t i o n of l e a d c o n c e n t r a t i o n s showed 

a s i m i l a r t r e n d to those found i n the pre v i o u s s p e c i e s , and decreased i n 

the order o l d s e n e s c e n t l e a v e s > r e c e n t s e n e s c e n t l e a v e s > l i v i n g l e a v e s > 

i n f l o r e s c e n c e s > . culmso The d i f f e r e n c e between c o n c e n t r a t i o n s found i n 

upper and lower l i v i n g l e a v e s was l e s s marked than t h a t i n the p r e v i o u s 

s p e c i e s , except a t one s i t e , where p l a n t s p o s s e s s e d an a d d i t i o n a l p a i r of 

l e a v e s ( l e a v e s 7 - 8 ) . An e x c e p t i o n to the g e n e r a l t r e n d occured a t 

s i t e 3c where i n f l o r e s c e n c e s c o n t a i n e d as much l e a d as the lower, l i v i n g 

l e a v e s . 

6 . ( i i ) D i f f e r e n c e s between s i t e s . 

For each s p e c i e s , l e a d c o n c e n t r a t i o n s were compared between each p a i r 

of s i t e s . D i f f e r e n c e s were examined by a s e r i e s of "Student's t ^ - t e s t s " 

f o r each of the p a r t s of the p l a n t s a n a l y s e d . R e s u l t s a r e d i s p l a y e d i n 

Table 9 and a p p r o p r i a t e v a l u e s of " t " a r e d i s p l a y e d i n Appendix 3» I n most 

c a s e s the l e a d c o n t e n t s of p a r t s of p l a n t s d i f f e r e d s i g n i f i c a n t l y between 

s i t e s . Stems were a c o n s i s t e n t e x c e p t i o n , but the l e a d content of these 

W a s low and r e p l i c a t e a n a l y s e s v a r i a b l e . T h i s may be a s s o c i a t e d w i t h 

d i f f i c u l t i e s which were e x p e r i e n c e d i n o b t a i n i n g r e p r e s e n t a t i v e sub-samples 

- of-chopped" stem m a t e r i a l . 

L e s s i n s t a n c e s of s i g n i f i c a n t d i f f e r e n c e s were found i n the l e a d 

c o n t e n t s of e q u i v a l e n t p a r t s of U. d i o i c a , between s i t e s , than i n the other 

s p e c i e s exanined. 

A g e n e r a l comparison of p l a n t contamination, by l e a d , amongst t h r e e 

s i t e s f o r each s p e c i e s , shows t h a t a l l f r a c t i o n s of U. d i o i c a p l a n t s were 

most contaminated a t s i t e 3 a , l e s s a t s i t e 2a and l e a s t a t s i t e l a . 

£[• s y l v a t i c a g e n e r a l l y contiiined l e a s t l e a d a t s i t e 3b, w h i l s t r e l a t i v e 

l e v e l s of l e a d i n m a t e r i a l from s i t e s l b and 2b were not c o n s i s t e n t f o r the 



d i f f e r e n t f r a c t i o n s of p l a n t s a n a l y s e d . R e l a t i v e l e v e l s of l e a d i n A. e l a t i u s , 

from th r e e s i t e s , v a r i e d c o n s i d e r a b l y f o r the d i f f e r e n t f r a c t i o n s of p l a n t s 

analysed,, 

7o Comparison of l e a d contents i n p l a n t s sampled on two o c c a s i o n s . 

Lead c o n c e n t r a t i o n s were compared i n three s p e c i e s of p l a n t s which 

were sampled i n both June and J u l y . These were U. d i o i c a , S. s y l v a t i c a and 

A. e l a t i u s ; m a t e r i a l s common to both samples were the lower l i v i n g l e a v e s 

of a l l three s p e c i e s and s e n e s c e n t l e a v e s of U« d i o i c a only. The d a t a 

used was t h a t c o l l e c t e d f o r the g e n e r a l survey and f o r the study of l e a d 

d i s t r i b u t i o n w i t h i n p l a n t s ( S e c t i o n s 5 and, 6 ( i ) ) . Sampling methods used 

on the two o c c a s i o n s were not i d e n t i c a l and so data from the three sample 

s i t e s f o r the J u l y c o l l e c t i o n were pooled, and taken to be r e p r e s e n t a t i v e 

of the a r e a as a whole. 

The a p p l i c a t i o n of "Student's t - t e s t s " showed t h a t the l e a d c o n c e n t r a t i o n 

were s i g n i f i c a n t l y g r e a t e r i n m a t e r i a l sampled i n the J u l y c o l l e c t i o n f o r 

I I . d i o i c a l e a v e s ( t = 6„49; p < . 0 0 1 ) , A. e l a t i u s l e a v e s ( t = 2.46; p < . 0 5 ) , 

and f o r s e n e s c e n t l e a v e s of U. d i o i c a ( t = 4.41; p < . 0 0 2 ) . Lead c o n c e n t r a t i o n s 

i n £3. s y l v a t i c a l e a v e s d i d not d i f f e r s i g n i f i c a n t l y between the two c o l l e c t i o n s 

( t = .87; p>0.l)„ 

8 8 Lead c o n c e n t r a t i o n s i n v e g e t a t i o n from a t r a n s e c t a c r o s s the s i t e . 

Lead c o n c e n t r a t i o n s were determined i n the lowest , l i v i n g l e a v e s of 

U. d i o i c a p l a n t s c o l l e c t e d along a t r a n s e c t a c r o s s the c e n t r a l r e s e r v a t i o n . 

R e s u l t s are p r e s e n t e d i n Table 10 and graphed i n f i g u r e 12. 

The h i g h e s t l e a d c o n c e n t r a t i o n was found a t the 2m s t a t i o n which was 

the o n l y s i t e o u t s i d e the t r e e - e n c l o s e d a r e a , and a l s o the n e a r e s t s i t e to 

the road. D i f f e r e n c e s i n c o n c e n t r a t i o n s , w i t h i n the a r e a e n c l o s e d by t r e e s , 

cannot be c l o s e l y r e l a t e d to e i t h e r d i s t a n c e from ca r r i a g e w a y s or p r e v a i l i n g 

winds. The sample taken cannot be co n s i d e r e d r e p r e s e n t a t i v e of the a r e a as 

a whole, s i n c e i t comprised one f r a c t i o n of p l a n t s , of a s i n g l e s p e c i e s , 

c o l l e c t e d along one t r a n s e c t . I t i s p o s s i b l e t h a t much of the v a r i a t i o n 

c o u l d have been caused by l o c a l d i f f e r e n c e s i n c o n d i t i o n s a t sample s i t e s . 



The lowest c o n c e n t r a t i o n was found a t the 10m s t a t i o n , which was a l s o 

a pproximately 14m from the southbound ca r r i a g e w a y . The l6in s t a t i o n was 

the n e a r e s t to the southbound c a r r i a g e w a y , being approximately 8m from t h i s 

p a r t of the road. The a p p l i c a t i o n of a "Student's t - t e s t " to a comparison 

between the 8 and 16m s t a t i o n s , showed t h a t l e a d c o n c e n t r a t i o n s i n the 

v e g e t a t i o n sampled were not s i g n i f i c a n t l y d i f f e r e n t ( t = 0.28; p > 0 . l ) . 



Table 2 . Lead c o n c e n t r a t i o n s i n l e a v e s of twenty s p e c i e s (p.p.m. i n dry m a t t e r ) 

S p e c i e s Mean l e a d 
c o n c e n t r a t i o n 

Standard 
e r r o r 

Apparent 
c o r r e c t e d v a l 

Hedera h e l i x 28 . 3 6 1 .17 2 2 . 2 - 1 9 . 1 

C i r s i u m v u l g a r e ' i 2 .53 2 . 6 1 3 5 . 6 - 42 . 3 

Tamus communis 29.41 4 . 7 9 1 6 . 5 - 2 3 . 2 

Geranium robertianum 41.28 1 .68 28 . 4 - 3 5 . 1 

Arrhenatherum e l a t i t i s 24 . 9 9 2 . 6 6 1 6 . 8 - 18 . 1 

Brachypodium s y l v a t i c u n i 2 3 . 1 7 1 .39 14 . 9 - 1 6 . 3 

D a c t y l i s glomerata 18 . 3 9 1 .06 1 0 . 2 - 1 1 . 5 

Deschampsia c a e s p i t o s a 1 2 . 3 3 1 .12 4 . 1 - 5 .4 

F e s t u c a I'ubra 14 . 2 7 1 .44 6 . 0 - 7 .4 

I I o l c u s l a n a t u s 24.04 1 .45 1 5 . 8 - 17 .1 

Poa t r i v i a l i s 29.04 1.71 2 0 . 8 - 2 2 . 1 

Glechoma hederacea 4 7 . 0 2 0 . 4 6 3 4 . 1 - 40 . 8 

S t a c h y s s y l v a t i c a 81 . 7 1 3 . 7 9 6 8 . 8 - 7 5 . 5 

V i c i a sepium 33.69- 0 . 4 9 2 0 . 8 - 2 7 . 5 

Rumex o b t u s i f o l i u s 21 .99 2 . 0 5 9 . 1 - 1 5 . 8 

Geum r i v a l e 2 0 . 3 8 0 . 5 2 7 . 5 - 14 . 2 

Rubus f r u t i c o s u s 29 . 7 8 2 . 44 1 6 . 9 - 2 3 . 6 

Galium c r u c i a t a 40.42 2 . 4 4 2 7 . 5 - 3 4 . 2 

Heracleum sphondylium 42 . 6 3 1 .90 2 9 . 7 - 3 6 . 4 

U r t i c a d i o i c a 5 8 . 2 0 0 .88 4 5 . 3 _ 5 2 . 0 

Note : "Apparent c o r r e c t e d v a l u e s " were d e r i v e d by a p p l y i n g p o s s i b l e 

maximum and minimum c o r r e c t i o n f a c t o r s f o r background i n t e r f e r e n c e ( s e e 
a 

f i g u r e s 6 and 7 ) « 



Table 5« Zinc c o n c e n t r a t i o n s i n l e a v e s of twenty s p e c i e s . (p.p.m. i n dry mat t e r ) 

S p e c i e s Mean z i n c 
c o n c e n t r a t i o n 

Standard 
e r r o r 

Hedera h e l i x 61.01 1.20 

C i r s i u n i v u l g a r e 74.04 6 . 0 9 

Tamus c ommnn i s 47 . 1 7 0.66 

Geranium robertianuin 33.06 1 . 0 7 

Arrhenatherum e l a t i u s 15 . 5 1 0.79 

Brachypodium s y l v a t i c u m 2 3 . 6 7 1 . 6 7 

D a c t y l i s glomerata 18.41 0.22 

Deschanipsia c a e s p i t o s a 30 .90 1.85 

F e s t u c a r u b r a 25.04 0 

Holcus l a n a t u s 26.47 0.58 

Poa t r i v i a l i s 37.99 3.68 

Glechoma hederacea 105 .13 0.71 

Stachys s y l v a t i c a 38 . 7 6 0 . 7 0 

V i c i a sepium • 43.58 * 
Rumex o b t u s i f o l i u s 29.02 0.50 

Geum r i v a l e 35.63 1.00 

Rubus f r u t i c o s u s 25.59 0.80 

Galium c r u c i a t a 34 . 5 6 4 . 2 9 

Heracleum sphondylium 69.44 0.71 

U r t i c a d i o i c a 42.20 2.43 

* two a n a l y s e s o n l y c a r r i e d out 
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Table 4 . Cadmium c o n c e n t r a t i o n s i n the l e a v e s of twenty s p e c i e s (p.p.m. i n 
dry m a t t e r ) 

Mean cadmiun Standard i e c i e s ^—^— — — — c o n c e n t r a t i o n e r r o r 

Hedera h e l i x 0.80 0 . 1 7 

C i r s i u m v u l g a r e 1 . 5 8 0 .21 

Tamus communis 0 . 6 0 0.08 

Geranium robertianum 0 . 5 8 0.14 

Arrhenatherum e l a t i u s 0 -
Brachypodium s y l v a t i c u m 0 -
D a c t y l i s glomerata 0 v -

Deschampsia c a e s p i t o s a 0 -
F e s t u c a r u b r a 0 -
Holeus l a n a t u s 0 -
Poa t r i v i a l i s 0 -
Glechoma hederacea 0.48 0.04 

Stachys s y l v a t i c a 0 .39 0 . 0 7 

V i c i a scpium 0 .10 0 . 1 0 

Rumex o b t u s i f o l i u s 0.24 0 . 0 7 

Geum r i v a l e 0 .34 0 . 0 5 

Rubus f r u t i c o s u s 0 -
Galium c r u c i a t a 0 , 7 5 0 . 0 9 

Heracleuin sphondylium 0 .20 0 . 1 5 

U r t i c a d i o i c a 1 . 0 3 0 .31 
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Table 5» Comparison of heavy metal c o n t e n t s of s e n e s c e n t and non-senescent 
l e a v e s . 

Mean v a l u e s w i t h 95/6 confidence l i m i t s ( u n c o r r e c t e d ) . 

Non-senescent p.p.m. i n dry matter 
Lead Z i n c Cadmium 

Uo d i o i c a 58.2 56.44 - 59o96 42.2 37.40 - 47.00 1 . 0 3 0.41 - 1 . 6 5 

R. o b t u s i f o l i u s 21 . 9 9 17.88 - 2 6 . 0 9 29.02 28.02 - 30.02 0.24 0.10 - 0.38 

D. glomerata 18.39 16.27 - 20 . 5 1 18o41 17.97 - 18.85 0 -
F. r u b r a 14.27 12.83 - 15.71 25.04 25.04 0 — 

Senescent 

Lead 

U. d i o i c a 9 3 . 3 6 8 3 . 8 5 - 9 6 . 5 3 

R. o b t u s i f o l i u s 59 .29 55 .71 - 6 2 . 8 7 

D. glomerata 199 .3 188 . 0 2 - 2 1 0 . 5 8 

F. r u b r a 139.04 132.44 -145 . 64 

Z i n c Cadmium 

50.40 48 . 2 -• 52 .60 1 .13 0 . 9 7 - 1 .29 

37.41 3 6 . 6 1 - 38 .21 0 . 9 0 0 . 7 9 - 1 .01 

5 7 . 6 8 5 3 . 6 8 - 6 1 . 6 8 0 . 3 3 0 .10 - 0 . 5 8 

6 0 . 3 6 55.48 - 65.24 0 

R e s u l t s of Student's t - t e s t s f o r comparisons of metal contents i n s e n e s c e n t 
and non-senoscent l e a v e s 

U. d i o i c a 

R. o b t u s i f o i i u s 

D. glomerata 

F. r u b r a 

Lead 

t 

1 1 . 5 8 

13 .71 

22 .50 

37 .46 

P 

< .001 

< .UUl 

< .001 

< .001 

Z i n c 

t 

3 . 0 7 

7-99 

91 . 2 0 

14.48 

< .05 

r\ r\ 

< .uuu 

< .001 

< .001 

Cadmium 

0 . 3 2 > .1 

> .1 

3 7 



Figure fl Correlation between lead and zinc concentrations 
in leaves of 20 species 
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Table 7° P r o b a b i l i t y l e v e l s f o r s i g n i f i c a n t d i f f e r e n c e s i n heavy metal 
contents of unwashed and washed f o l i a g e . 

L e a d 

P »t" 

Z i n c 

P »'t" 

Cadmium 

P " t " 

H. h e l i x <-.oi 5 . 8 7 < . 0 1 6 . 3 1 NS 0 .296 

C. v u l g a r e NS 1 .88 , NS 1 .49 NS 1.31 

T. communis < . 0 5 2,80 < .01 6 . 2 2 X X 

R. o b t u s i f o l i u s NS 0 .16 NS 0 . 1 3 NS 2.24 

R. f r u t i c o s u s < . 0 1 5 . 2 2 < .01 5 . 3 2 NS 1.0 

G. r i v a l e < . 0 0 1 14 . 1 1 < . 0 5 3 . 0 6 X X 

U. d i o i c a < . 0 0 1 22o92 NS •2 .17 NS 0 . 2 5 

A. e l a t i u s NS 2 . 2 9 NS 0 . 9 4 - -
D. c a e s p i t o s a NS 1.20 NS 2 . 2 1 - -
Senescent 

U. d i o i c a < . 0 0 2 7 .33 NS 2 . 7 3 NS 1.76 

D. glomerata NS 0 . 4 9 NS 0 . 2 5 NS 2.18 

F. r u b r a < . 0 1 5 . 8 5 < . 002 7 . 4 3 - -

NS 

x 



Table 8» Percentages of heavy metals removed by washing 

Lead Z i n c Cadmiui 

H. h e l i x 35 +23 (+1) 

Co v u l g a r e (14) (+15) ( 1 9 ) 

To communis 46 11 X 

Bo o b t u s i f o l i u s (+3) (o) ( 7 1 ) 

Ro f r u t i c o s u s 57 21 (+13) 

G. r i v a l e 37 10 X 

Uo d i o i c a 42 (16 ) (8) 
A. e l a t i u s ( 3 1 ) ( 5 ) -
Do c a e s p i t o s a (+13) (17) -
Senescent 

Uo d i o i c a 44 (16 ) (+21) 

D. glomeruta (+5) (+2) (82) 

F. r u b r a 15 33 -

+ = apparent i n c r e a s e 

( ) = d i f f e r e n c e not s i g n i f i c a n t 

- = metal not d e t e c t e d i n e i t h e r m a t e r i a l 

x = i n s u f f i c i e n t r e p l i c a t e a n a l y s e s c a r r i e d out 
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Table 9° D i f f e r e n c e s between s i t e s 
d i f f e r e n c e s . 

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

U r t i c a d i o i c a 

T i p s 

Leaves 5 - 7 

Leaves 8 - 1 0 

Sen e s c e n t l e a v e s 

Stems 

S i t e s 
1 and 2 

< „ 0 0 1 

< „ 0 0 2 

NS 

MS 

NS 

S i t e s 
1 and 3 

< . 0 0 1 

< „ 0 0 2 

< „ 0 1 

< . 0 5 

NS 

S i t e s 
2 and 3 

< . 0 1 

< . 0 2 

< . 0 1 

NS 

NS 

S t a c h y s s y l v a t i c a 

I n f l o r e s c e n c e 

Leaves 1 - 2 

L e a f 3 

Leaves 4 - 5 

S e n e s c e n t l e a v e s 

Stems 

< . 0 0 1 

< . 0 0 1 

< . 0 0 1 

< . 0 0 1 

< . 0 2 

NS 

< . 0 5 

< . 0 0 1 

< . 0 0 1 

< . 0 0 1 

< . 0 1 

_ NS 

< . 0 0 2 

< . 0 1 

< . 0 1 

NS 

< . 0 1 

NS 

Arrhenatherum e l a t i u s 

I n f l o r e s c e n c e 

Leaves 1 - 2 

Leaves 5 - 6 

Recent s e n e s c e n t l e a v e s 

Old s e n e s c e n t l e a v e s 

Culms 

< . 0 5 

< . 0 0 1 

< . 0 0 1 

< . 0 0 2 

< . 0 1 

NS 

NS 

< . 0 0 1 

< . 0 0 1 

< . 0 1 

NS 

< . 0 2 

< . 0 5 

< . 0 5 

< . 0 0 1 

NS 

NS = not s i g n i f i c a n t l y d i f f e r e n t . 



Table 10. Lead c o n c e n t r a t i o n s i n U r t i c a d i o i c a from a t r a n s e c t a c r o s s 
the c e n t r a l r e s e r v a t i o n . 

(p.p.m. i n dry m a t t e r ) 

D i s t a n c e from 
northbound 
car r i a g e w a y 

Mean l e a d 
c o n t e n t 
p.p.m. 

S.E. 
Approximate 

d i s t a n c e iron 
southbound 
car r i a g e w a y 

2 meters 101 089 0.75 22 meters 

k 83.15 2.71 20 

6 d i d n ot occur 18 

8 83.12 1.95 1 6 

10 73.69 1.82 14 

1 2 88.85 0.99 12 

lk 93.93 0.93 10 

1 6 81.92 3.. 80 8 
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DISCUSSION 

9 . ( i ) I n t r o d u c t i o n . 

Heavy metals may accumulate i n r o a d s i d e v e g e t a t i o n both d i r e c t l y 

from the atmosphere and from the s o i l . The l e v e l s found i n the a e r i a l 

p a r t s of p l a n t s w i l l be i n f l u e n c e d by four main f a c t o r s . There are : the 

c o n c e n t r a t i o n s of heavy metals i n the a i r and s o i l i n the immediate v i c i n i t y 

of p l a n t s , the d u r a t i o n of exposure to metals from e i t h e r s o u r c e , the 

e x t e n t of uptake from the 3 o i l and the m o b i l i t y of the metals w i t h i n p l a n t s , 

and the a b i l i t y of f o l i a g e to t r a p and r e t a i n t o p i c a l d e p o s i t s c o n t a i n i n g 

heavy m e t a l s . 

9o ( i i ) Evidence f o r e l e v a t e d l e v e l s of heavy metals i n non-senescent l e a v e g . 

I n the p r e s e n t study, e l e v a t e d l e v e l s of l e a d were found i n non-senescent 

l e a v e s of a l l 2 0 p l a n t s p e c i e s examined. C o n c e n t r a t i o n s were w i t h i n the 

range r e p o r t e d i n previous s t u d i e s of contaminated r o a d s i d e v e g e t a t i o n , 

but were modest by comparison w i t h those found a t some s i t e s . F o r example, 

Graham and Kalman (197'0 r e p o r t e d 9 5 0 p.p.m. i n the dry matter of g r a s s 

from a s i n g l e C a l i f o r n i a n s i t e . However, many of the s u r v e y s have been 

c a r r i e d out on exposed roadside l o c a t i o n s , whereas i n the p r e s e n t s t u d y 

the sampling a r e a was separated from the c a r r i a g e w a y s by t r e e s and s h r u b s . 

I t i s probable t h a t these r e t a i n e d a p r o p o r t i o n of the a i r b o r n e load of 

heavy m e t a l s , thereby 1 reducing l e v e l s i n the immediate v i c i n i t y of p l a n t s 

w i t h i n the e n c l o s e d a r e a . T h i s view i s supported by work of Smith ( l 9 7 l ) » 

i n which he showed—that ro a d s i d e pine t r e e s f i l t e r e d out c o n s i d e r a b l e 

q u a n t i t i e s of a i r b o r n e contamination, d e r i v e d from v e h i c l e e x h a u s t s . 

Z i n c c o n c e n t r a t i o n s , found i n t h i s study, were a l s o e l e v a t e d above 

" n a t u r a l " background l e v e l s when compared w i t h those r e p o r t e d by L a g e r w e r f f 

and Specht ( 1 9 7 0 ) , but the evidence i s l e s s c l e a r - c u t f o r t h i s element. 

Z i n c i s an e s s e n t i a l m i n e r a l i n p l a n t metabolism and a wide range of l e v e l s 

has been r e p o r t e d i n uncontarainated p l a n t s ( H e w i t t e t a l . , 1 9 7 5 ) * L o c a l 

"background" c o n c e n t r a t i o n s of z i n c , i n p l a n t s growing near the study s i t e 

4 8 



but away from the road, are not known. These would provide a u s e f u l b a s i s 

f o r comparison i n f u t u r e s t u d i e s . 

L i t t l e evidence was found of cadmium contamination, but a n a l y s e s f o r 

t h i s element were somewhat i n c o n s i s t e n t because l e v e l s were c l o s e to the 

l i m i t s of d e t e c t i o n of the spectrophotometer. 

9o ( i i i ) Comparison between heavy metal c o n c e n t r a t i o n s i n d i f f e r e n t s p e c i e s . 

There was c o n s i d e r a b l e v a r i a t i o n i n the l e v e l s of heavy metals found 

i n the d i f f e r e n t s p e c i e s sampled. Page e t a l . , ( l 9 7 l ) s t u d i e d 27 crop 

s p e c i e s grown near C a l i f o r n i a n highways, and concluded t h a t s p e c i e s w i t h 

rough, h a i r y , f l e x i b l e s u r f a c e s accumulated more l e a d than those w i t h smooth 

s u r f a c e s . S p e c i e s sampled i n the p r e s e n t study i n c l u d e d p l a n t s w i t h a range 

of l e a f t y p e s , although few s p e c i e s were completely devoid of h a i r s . No 

c l e a r - c u t evidence was found of a c o r r e l a t i o n between morphological 

d i f f e r e n c e s and d i f f e r e n c e s i n heavy metal c o n c e n t r a t i o n s . However, i t i s 

p o s s i b l e t h a t morphological c h a r a c t e r s had some i n f l u e n c e on the r e l a t i v e l y 

low l e v e l s of l e a d found i n It. o b t u s i f o l i u s , H. h e l i x , and T. communis, as 

each of these s p e c i e s possessed l e a f lamina w i t h r e l a t i v e l y smooth upper 

s u r f a c e s . 

D i f f e r e n c e s i n metal burdens, between s p e c i e s , may have r e s u l t e d i n 

p a r t from v a r i a t i o n s i n the d u r a t i o n of d i r e c t exposure to a i r b o r n e heavy-

m e t a l s . Samples comprised pooled c o l l e c t i o n s of the l o w e s t 2 or 3 

non-senescent l e a v e s from a number of p l a n t s and, w h i l s t these were the most 

mature, l i v i n g l e a v e s i n each c a s e , t h e r e i s no r e a s o n to suppose t h a t they 

were of i d e n t i c a l age f o r each s p e c i e s . T h i s i n t e r p r e t a t i o n i s supported 

by the f i n d i n g t h a t l e a v e s of a l l g r a s s e s a n a l y s e d c o n t a i n e d lower 

c o n c e n t r a t i o n s of the metals than those of other p l a n t s . G r a s s l e a v e s a r e 

s h o r t l i v e d by comparison w i t h those of many d i c o t y l e d o n s (Langer, 1 9 7 2 ) ; 

indeed, Bean (1964) showed t h a t the average l i f e of l e a v e s of the g r a s s 

D a c t y l i s glomerata was only 8 - 1 0 weeks, and data p r e s e n t by Langer (1954) 

may be a n a l y s e d to show t h a t l e a v e s of Phieum pr a t e n s e may remain a l i v e 

f o r only 4 - 5 weeks. 



I t i s u n l i k e l y t h a t such d i f f e r e n c e s i n growing seasons c o u l d have 

produced v a r i a t i o n i n l e a d and z i n c c o n c e n t r a t i o n s , between s p e c i e s , of the 

magnitude found i n t h i s study, and other f a c t o r s must a l s o have been i n v o l v e d . 

I t i s p o s s i b l e t h a t a i r b o r n e heavy metal c o n c e n t r a t i o n s , i n the immediate 

v i c i n i t y of the lower l e a v e s of p l a n t s , may be i n f l u e n c e d by the degree of 

p r o t e c t i o n a f f o r d e d by the canopy of the ground-layer v e g e t a t i o n . I t may 

be argued t h a t the lower l e a v e s of s p e c i e s w i t h "open" growth h a b i t s , or 

which grow i n exposed s i t u a t i o n s , are more v u l n e r a b l e to f a l l - o u t of heavy 

m e t a l s . Thus the l a r g e d i f f e r e n c e between l e a d l e v e l s i n l e a v e s of 

R. o b t u s i f o l i u s and U. d i o i c a , the s p e c i e s a t the extremes of the range of 

c o n c e n t r a t i o n s found, may have r e s u l t e d , i n p a r t , from d i f f e r i n g exposures 

w i t h i n the ground l a y e r canopy. The lowest , non-senescent l e a v e s of 

R. o b t u s i f o l i u s o r i g i n a t e d from nodes near ground l e v e l , where they may have 

been p r o t e c t e d from the f u l l e f f e c t s of contamination. However, e q u i v a l e n t 

l e a v e s of U. d i o i c a u s u a l l y o r i g i n a t e d from nodes which were q u i t e h i g h 

up on the t a l l stems of t h i s s p e c i e s . 

9 . ( i v ) Comparison of l e a d and z i n c l e v e l s i n l e a v e s of the same s p e c i e s . 

A comparison of l e a d and z i n c .concentrations ( f i g . 8) showed t h a t a 

hig h l e a d c o n c e n t r a t i o n d i d not n e c e s s a r i l y e n t a i l a h i g h c o n c e n t r a t i o n of 

z i n c i n l e a v e s of the same s p e c i e s , v a l u e s f o r the two metals were n ot 

s i g n i f i c a n t l y c o r r e l a t e d . I t i s p o s s i b l e t h a t compounds of the two m e t a l s , 

d e p o s i t e d on l e a f s u r f a c e s , d i f f e r i n t h e i r s o l u b i l i t y and t h a t d i f f e r e n t 

p r o p o r t i o n s of each a r e removed by r a i n f a l l . I n a d d i t i o n , the e x t e n t of 

f o l i a r p e n e t r a t i o n d i f f e r s between the two me t a l s . L i t t l e (1973) r e v i e w s 

s t u d i e s which suggest t h a t z i n c and cadmium are more l i k e l y to a c h i e v e 

f o l i a r p e n e t r a t i o n than l e a d . A r v i k and Zimdahl ( l97 2 ±) demonstrated t h a t 

l i t t l e f o l i a r uptake of l e a d o c c u r s * 

An a l t e r n a t i v e e x p l a n a t i o n i s t h a t the .two metals d i f f e r i n t h e i r 

o r i g i n s , and have d i f f e r e n t d i s t r i b u t i o n s i n the l e a v e s of p l a n t s . Much 

of the l e a d i n s o i l s i s thought to be u n a v a i l a b l e to r o a d s i d e p l a n t s 

(Smith, 1975)» and only a s m a l l p o r t i o n , of t h a t taken up by r o o t s , i s 

t r a n s l o c a t e d to the shoot (Jones e t a l . , 1973a). Z i n c i s more r e a d i l y taken 



up by r o o t s and i s more mobile w i t h i n p l a n t s : the z i n c p r e s e n t i n l e a v e s 

may thus be d e r i v e d from both s o i l and atmospheric s o u r c e s . I t i s probable, 

t h e r e f o r e , t h a t l e a d c o n c e n t r a t i o n s i n l e a v e s a r e l a r g e l y c o n t r o l l e d by 

f a c t o r s governing the e x t e n t of a e r i a l d e p o s i t i o n , but t h a t c o n c e n t r a t i o n s 

of z i n c are i n f l u e n c e d by these f a c t o r s and a l s o , independently, by those 

which i n f l u e n c e the e x t e n t of uptake from the s o i l . S p e c i e s d i f f e r i n t h e i r 

a b i l i t i e s to accumulate elements from the s o i l ; P e t e r s o n ( 1 9 7 1 ) draws 

a t t e n t i o n to unusual accumulations of elements, i n c l u d i n g z i n c , found i n 

some p l a n t s p e c i e s . 

9 . ( v ) The e f f e c t of washing on heavy metal l e v e l s i n l e a v e s . 

L i m i t e d evidence f o r d i f f e r i n g d i s t r i b u t i o n s of l e a d and z i n c on 

and w i t h i n l e a v e s , was provided by the comparison of c o n c e n t r a t i o n s i n 

unwashed and washed f o l i a g e . S i g n i f i c a n t amounts of z i n c were removed 

from only k s p e c i e s , but of l e a d , frcm 7 s p e c i e s . I n s p e c i e s from which a 

p r o p o r t i o n of both metals was removed by washing, a g r e a t e r percentage of 

l e a d than z i n c was l o s t o T h i s suggests t h a t the l a t t e r was more t i g h t l y 

bound on, or w i t h i n , the l e a f . However, n e i t h e r metal was l o s t i n 

s i g n i f i c a n t q u a n t i t i e s from l i v i n g l e a v e s of 5 s p e c i e s and s e n e s c e n t 

m a t e r i a l of a s i x t h . The n o n - s i g n i f i c a n t d i f f e r e n c e s between the metal 

l e v e l s , i n these washed and unwashed m a t e r i a l s , i n c l u d e d both apparent 

i n c r e a s e s and d e c r e a s e s ; i t i s not know to what e x t e n t these r e s u l t s were 

i n f l u e n c e d by the s m a l l sample s i z e s ( 3 r e p l i c a t e s ) . 

Percentages of l e a d removed were g e n e r a l l y w i t h i n the range r e p o r t e d 

i n the l i t e r a t u r e , but d i f f e r e n c e s could not be c o r r e l a t e d w i t h d i f f e r e n c e s 

i n l e a f morphology, as found by Page e t a l . , ( l 9 7 l ) « However, comparisons 

w i t h r e p o r t e d v a l u e s are complicated by the v a r i a t i o n s i n washing procedures 

used i n d i f f e r e n t s t u d i e s ; those employed i n the p r e s e n t s t udy were m i l d by 

comparison w i t h those used by some workers. 

Comparisons between washing "experiments", c a r r i e d out on p l a n t s 

sampled on d i f f e r e n t o c c a s i o n s , may be m i s l e a d i n g because of the e f f e c t s 

of v a r i a t i o n s which may have occured i n the weati.er. I t may be h y p o t h e s i s e d 

t h a t t h e r e i s an upper l i m i t to the a b s o l u t e amount of l e a d (x) which a 



p a r t i c u l a r l e a f may c a r r y , and a l s o t h a t there i s a l i m i t e d , a b s o l u t e 

amount of l e a d (Y) which cannot be removed from a l e a f during normal 

r a i n f a l l , because i t i s too t i g h t l y bound. Some evidence i n support of the 

l a t t e r i s provided by L i t t l e ( 1 9 7 3 ) » who showed t h a t washing " s m e l t e r -

contaminated" l e a v e s w i t h a c i d removed an a d d i t i o n a l 1 0 $ of the l e a d , which ' 

could not be removed by prolonged washing i n d e i o n i s e d water. 

I f l e a v e s a r e sampled and washed a f t e r a wet p e r i o d , then much of 

the removable l e a d w i l l a l r e a d y have been l o s t , and the amount p r e s e n t 

w i l l be approaching Y. However, i f l e a v e s are sampled and washed a f t e r a 

dry p e r i o d , then the amount of l e a d w i l l be approaching X, and more 

removable l e a d i s p r e s e n t . The percentages of l e a d removed by washing i n 

the l a b o r a t o r y w i l l d i f f e r between the two samples. T h i s i s i l l u s t r a t e d 

i n f i g u r e 1 3 . 

I n the p r e s e n t study, i t was observed t h a t the amount of w i l t i n g 

which had occured between c o l l e c t i o n i n the f i e l d and washing i n the 

l a b o r a t o r y , v a r i e d between s p e c i e s . T h i n , r e l a t i v e l y w i l t e d , l e a v e s 

appeared to o f f e r l e s s p h y s i c a l r e s i s t a n c e to w e t t i n g than o t h e r s , and a l s o 

tended to become fo l d e d up during a g i t a t i o n . I t i s p o s s i b l e t h a t t h i s 

a f f e c t e d the removal of s u r f a c e d e p o s i t s , and i t i s recommended t h a t , i n 

f u t u r e s t u d i e s , washing should be c a r r i e d out immediately a f t e r sampling, 

or, i f p o s s i b l e , i n the f i e l d before c o l l e c t i o n , 

9. ( v i ) The e f f e c t of r a i n f a l l on heavy metal l e v e l s determined i n v e g e t a t i o n . 

I t i s d i f f i c u l t to r e l a t e the r e s u l t s of washing experiments to the 

behaviour of p l a n t s i n the f i e l d , where "canopy e f f e c t s " may cause v a r i a t i o n s 

i n the amount of r a i n f a l l r e a c h i n g d i f f e r e n t p l a n t s , or d i f f e r e n t p a r t s of 

the same p l a n t . Furthermore, i t i s p o s s i b l e t h a t p r e c i p i t a t i o n may enhance 

the f a l l - o u t of heavy metals from the a i r . 

The amount of l e a d p r e s e n t on a l e a f , a t a p a r t i c u l a r time, w i l l be 

i n f l u e n c e d by c h a r a c t e r i s t i c s of t h a t l e a f , but w i l l be i n b a l a n c e between 

the r a t e of a c c u m u l a t i o n from the atmosphere and the r a t e of removal by 
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F i g u r e 13 Model com p a r i n g r e s u l t s of w a s h i n g a l e a f 
a f t e r b o t h wet and d r y w e a t h e r 

X 

Maximum l e a d burden T i g h t l y bound 
l e a d 

S ampled a f t e r wet weather. Sampled a f t e r d r y w e a t h e r 

B e f o r e 
w a s h i n g 

A f t e r 
w a s h i n g 

B e f o r e 
w a s h i n g 

A f t e r 
w a s h i n g 

hCP/o l e a d removed 6 0 % l e a d removed 

Note: F i g u r e s a r e h y p o t h e t i c a l and i n c l u d e d f o r i l l u s t r a t i o n 
p u r p o s e s o n l y . 
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wind and rain„ Both r a t e s v a r y with time, and r a i n f a l l may produce a r a p i d 

i n c r e a s e i n the r a t e of removal of l e a d from l e a v e s . Davies and Holmes ( 1 9 7 2 ) 

found t h a t the l e a d content of g r a s s , sampled a f t e r wet weather, was only 

h a l f of t h a t sampled a f t e r dry weather. 

I n the p r e s e n t study, some of the v a r i a b l e s which a f f e c t the n e t 

accumulation of l e a d , by p l a n t s , were h e l d c o n s t a n t by completing the 

sampling w i t h i n one day, on each o c c a s i o n . 

1 0 . D i s t r i b u t i o n of l e a d w i t h i n p l a n t s of U. d i o i c a , S. s y l v a t i c a and A. e l a t i u s . 

The d i s t r i b u t i o n of l e a d w i t h i n p l a n t s of non crop s p e c i e s , from 

roa d s i d e s i t e s , appears to have r e c e i v e d l i t t l e p r e v i o u s a t t e n t i o n , although 

data recorded by L a g e r w e r f f e t a l . ( 1 9 7 3 ) showed more l e a d p r e s e n t i n lower 

than upper l e a v e s of c o rn, growing 400 m from a busy road. However the 

p l a n t s were pot grown and not s u b j e c t to "canopy e f f e c t s " . 

I n the p r e s e n t study, a s i m i l a r t r e n d i n l e a d d i s t r i b u t i o n was observed 

i n a l l three s p e c i e s examined; upper, a e r i a l p a r t s of the p l a n t c o n t a i n e d 

s m a l l l e a d c o n c e n t r a t i o n s than lower, a e r i a l p a r t s . Much of the d i f f e r e n c e 

may be e x p l a i n e d by the d i f f e r e n c e i n ages of these p a r t s of p l a n t s : lower 

l e a v e s had been exposed to a i r b o r n e l e a d f o r a longer p e r i o d of time. 

However, the r e l a t i o n s h i p between age and l e a d c o n c e n t r a t i o n i s not 

s t r a i g h t f o r w a r d . Young p a r t s of p l a n t s are a l s o undergoing r e l a t i v e l y 

r a p i d growth and both the amount of l e a d and p l a n t dry matter are accumulating 

w i t h time. I t i s the r a t i o of these two which determines the measured 

c o n c e n t r a t i o n of m e t a l . Thus d i f f e r e n c e s between l e a d c o n c e n t r a t i o n s i n 

p l a n t m a t e r i a l s , uf d i s s i m i l a r ages, may be a l t e r e d by d i f f e r e n c e s i n t h e i r 

growth r a t e s . 

The d i f f e r e n c e s between c o n c e n t r a t i o n s found i n l i v i n g g r a s s l e a v e s , 

of d i f f e r e n t ages, was l e s s pronounced than i n those of other s p e c i e s 

examined. However, t h e i r l e a d c o n c e n t r a t i o n s were lower, and i t i s probable 

t h a t the mean d u r a t i o n of exposure of g r a s s l e a v e s i s l e s s than t h a t of 

d i c o t y l e d o n s , as p r e v i o u s l y d i s c u s s e d . 
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I n f l o r e s c e n c e s of the d i c o t y l e d o n S_. s y l v a t i c a and the g r a s s A. e l a t i u s 

c o n t a i n e d lower l e v e l s of l e a d than those c o n t a i n e d i n l e a v e s , a t two of 

t h r e e s i t e s . F o l i a g e l e a v e s and i n f l o r e s c e n c e s d i f f e r i n t h e i r morphology, 

and t h i s may i n f l u e n c e t h e i r r e l a t i v e a b i l i t i e s to r e t a i n l e a d d e p o s i t s . 

A l s o , i n g r a s s e s , the i n f l o r e s c e n c e i s p r o t e c t e d , during much of i t s e a r l y 

growth, by e n c l o s u r e w i t h i n l e a f b a s e s . 

Stems of a l l three s p e c i e s c o n t a i n e d lower l e a d c o n c e n t r a t i o n s than 

any other p a r t s of p l a n t s sampled. The amount of l e a d d e p o s i t e d on stems 

may be reduced by t h e i r u p r i g h t growth h a b i t , and a l s o by p r o t e c t i o n a f f o r d e d 

by l e a v e s , p a r t i c u l a r l y so i n g r a s s e s , i n which the stem does not emerge 

from l e a f bases u n t i l the f l o w e r i n g stage i s reached. C o n c e n t r a t i o n s of 

l e a d i n dicotyledonous stems may be i n f l u e n c e d by a lower r e c e p t i v e s u r f a c e 

a r e a : weight r a t i o than t h a t of l e a v e s . 

10. ( i ) C o n c e n t r a t i o n of l e a d i n s e n e s c e n t l e a v e s . 

The h i g h c o n c e n t r a t i o n s of l e a d found i n s e n e s c e n t l e a v e s , i n both 

the g e n e r a l survey and the study of l e a d d i s t r i b u t i o n w i t h i n p l a n t s , are of 

p a r t i c u l a r i n t e r e s t . A l l s e n e s c e n t l e a v e s examined co n t a i n e d more l e a d 

than l i v i n g l e a v e s of the same s p e c i e s . T h i s confirms the f i n d i n g s of 

M i t c h e l l and R e i t h ( 1 9 6 6 ) f o r uncontaminated p a s t u r e g r a s s e s , and of 

R a i n s ( 1 9 7 5 ) f o r Avena f a t u a growing near a s m e l t e r complex. 

R e c e n t l y senesced l e a v e s of U. d i o c a and A. e l a t i u s c o n t a i n e d 

approximately 1-j times the l e a d c o n c e n t r a t i o n of the o l d e s t , l i v i n g l e a v e s , 

w h i l s t those of Ŝ , s y l v a t i c a c o n t a i n e d 1 ^ - 3 times the l e a d c o n c e n t r a t i o n 

of o l d e s t , l i v i n g l e a v e s . Senescent m a t e r i a l from the p r e v i o u s season's — 

growth was a n a l y s e d i n the case of A. e l a t i u s , and c o n t a i n e d almost 3 times 

the l e a d c o n c e n t r a t i o n of r e c e n t s e n e s c e n t m a t e r i a l . 

I n the g e n e r a l survey, i t was a l s o found t h a t c o n c e n t r a t i o n s of z i n c 

were s i g n i f i c a n t l y g r e a t e r i n s e n e s c e n t than l i v i n g l e a v e s . 

S e v e r a l f a c t o r s may be r e s p o n s i b l e f o r the c o n c e n t r a t i o n of these 

metals d u r i n g senescence. Many elements are m o b i l i s e d from l e a v e s and 

t r a n s l o c a t e d to other p a r t s of p l a n t s , during senescence and before l e a v e s 



are shed, but Guha and M i t c h e l l ( 1 9 6 6 ) produced evidence t h a t z i n c and 

l e a d were r e l a t i v e l y immobile i n l e a v e s , a t t h i s time. Breakdown and l o s s 

of o r g a n i c matter from l e a v e s would produce an apparent r i s e i n c o n c e n t r a t i o n 

of immobile metals i n the remaining m a t e r i a l . However, i t i s d i f f i c u l t to 

b e l i e v e t h a t t h i s could account e n t i r e l y f o r the d i f f e r e n c e between l e a d 

c o n c e n t r a t i o n s i n mature and r e c e n t l y senesced l e a v e s of S_. s y l v a t i c a ; a 

l o s s of more than ^ of the o r g a n i c matter would have been r e q u i r e d to produce 

the magnitude of t h i s d i f f e r e n c e found a t one s i t e . 

Senescent l e a v e s have r e c e i v e d a longer p e r i o d of exposure to exhaust 

e m i s s i o n than other l e a v e s , and i t seems probable t h a t such o i a t e r i a l can 

continue to accumulate l e a d from the atmosphere. T h i s i s the e x p l a n a t i o n 

favoured by Rains ( 1 9 7 5 ) , but M i t c h e l l and R s i t h ( 1 9 6 6 ) c o n s i d e r e d t h a t 

accumulation of l e a d by s e n e s c e n t g r a s s e s might be caused by a t r a n s l o c a t i o n 

of l e a d accumulated i n r o o t s during a c t i v e growth. However, they were 

concerned with accumulations, which occured i n the Autumn, i n s e n e s c e n t p l a n t s 

a f t e r a c t i v e growth had ceased i n the whole p l a n t . 

I n the p r e s e n t study, " o l d s e n e s c e n t l e a v e s " froa; g r a s s e s were c o l l e c t e d 

from the base of clumps, where contamination by s o i l c o u l d have taken p l a c e . 

I f t h i s had occured, washing could be expected to reduce v e r y s u b s t a n t i a l l y 

the c o n c e n t r a t i o n s of l e a d p r e s e n t . T h i s was not found i n the l i m i t e d 

number of r e p l i c a t e s of the washing experiment. 

1 0 . ( i i ) Comparison- between s i t e s . 

A comparison of l e a d c o n c e n t r a t i o n s , i n d i f f e r e n t p a r t s of p l a n t s 

(U. d i o i c a , S= s y l v a t i c a and A. c l a t i u s ) , between s i t e s - , showed t h a t t h e r e 

were s i g n i f i c a n t d i f f e r e n c e s between s i t e s . T h i s suggests t h a t the f a l l - o u t 

of l e a d p a r t i c u l a t e s was not uniform over the s t u d y a r e a . I t i s probable 

t h a t the amount of a i r b o r n e l e a d a v a i l a b l e a t any p r e c i s e l o c a t i o n w i t h i n 

the study a r e a i s m o dified by f a c t o r s which operate a t two " l e v e l s " . 

At the f i r s t l e v e l , borders of t r e e s and shrubs reduce the amount of 

f a l l - o u t on the e n c l o s e d , c e n t r a l a r e a , and v a r i a t i o n s i n the degree of 

p r o t e c t i o n a f f o r d e d produce v a r i a t i o n s i n the magnitude of l e a d d e p o s i t s . 



I n a d d i t i o n to a d i r e c t s h e l t e r e f f e c t , t r e e s and shrubs may a l s o modify 

l o c a l a i r c u r r e n t s . 

At the second l e v e l , v a r i a t i o n s i n the canopy of the ground-layer 

v e g e t a t i o n i n f l u e n c e the amount of a i r b o r n e l e a d i n the immediate v i c i n i t y 

of p l a n t s , or p a r t s of p l a n t s . I t i s probable t h a t both s e t s of f a c t o r s 

were p a r t i a l l y r e s p o n s i b l e f o r the i n c o n c l u s i v e r e s u l t s of the t r a n s e c t study. 

11o Importance of the v a r i a t i o n found i n heavy metal l e v e l s of r o a d s i d e 
v e g e t a t i o n . 

The c o n s i d e r a b l e v a r i a t i o n s found, throughout t h i s study, i n c o n c e n t r a t i o n s 

of l e a d , and to a l e s s e r e x t e n t z i n c , i n r o a d s i d e v e g e t a t i o n a r e of 

c o n s i d e r a b l e s i g n i f i c a n c e . F i r s t l y , such v a r i a t i o n s may have a c o n s i d e r a b l e 

e f f e c t on the i n t a k e of these metals by i n v e r t e b r a t e s which feed on p l a n t s 

of the roadside environment. R e s u l t s of t h i s s t u d y suggest t h a t h e r b i v o r e s , 

which show p r e f e r e n c e s between p l a n t s p e c i e s , may d i f f e r c o n s i d e r a b l y i n 

t h e i r i n t a k e of l e a d , z i n c , and perhaps cadmuin, although evidence f o r the 

l a s t element i s i n c o n c l u s i v e . I n a d d i t i o n , the p o r t i o n of the p l a n t eaten 

by h e r b i v o r e s w i l l have a c o n s i d e r a b l e i n f l u e n c e on the amount of l e a d 

which they i n g e s t . I n p a r t i c u l a r , decomposers and other organisms which 

feed on s e n e s c e n t p l a n t m a t e r i a l , can be expected to have much h i g h e r 

i n t a k e s of l e a d than those which feed on l i v i n g p l a n t m a t e r i a l . 

Secondly, the v a r i a t i o n s found h i g h l i g h t the problems i n v o l v e d i n 

d e s i g n i n g monitoring programmes f o r heavy metal contamination of r o a d s i d e 

environments. I n any such programme, g r e a t c a r e must be taken to c o l l e c t 

samples which a r e not b i a s e d by l o c a l i s e d v a r i a t i o n s i n the e x t e n t of 

contamination. Spot sampling may produce v e r y m i s l e a d i n g r e s u l t s , which 

may be avoided by sampling more e x t e n s i v e l y . Comparisons based on d i f f e r e n t 

s p e c i e s , the same s p e c i e s sampled a f t e r d i f f e r e n t weather c o n d i t i o n s , or 

on d i f f e r e n t p a r t s of p l a n t s of the same s p e c i e s , a r e a l l of doubtful v a l u e . 

For the p l a n t s examined i n t h i s study, i t would appear t h a t the most 

r e l i a b l e i n d i c a t i o n of the heavy metal burden of a s i t e would be gained by 

sampling whole p l a n t s , d i s t r i b u t e d throughout the s i t e , or pooled c o l l e c t i o n s 

of l e a v e s from such p l a n t s . The "mo3s bag" technique f o r r o u t i n e monitoring, 
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d e s c r i b e d by many workers, appears to o f f e r an a t t r a c t i v e a l t e r n a t i v e to 

the sampling of indigenous v e g e t a t i o n , but i t s d i s c u s s i o n i s beyond the 

scope of t h i s study,, 
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Appendix 1 

Figure 1 R e s u l t s of C o r r e c t i o n F a c t o r Determinations f o r Zinc 
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Appendix 1 

Figure 2 
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APPENDIX 1 

Table 1 R e s u l t s of C o r r e c t i o n f a c t o r determinations f o r Cadmium 

Concentration of plant m a t e r i a l Absorption expressed 
- 1 

i n s o l u t i o n g 1 as p.p.m. Cd i n s o l n . 
U r t i c a d i o i c a 2 2 . 2 2 . 0 2 

4 4 . 6 9 . 0 5 

6 0 . 8 2 

7 6 . 2 2 . 1 2 5 

Stachys 4 2 . 6 7 . 0 1 

s y l v a t i c a 6 2 . 0 9 . 0 3 

8 2 . 1 1 . 0 3 

Stachys 2 1 . 0 5 6 

s y l v a t i c a 3 7 . 2 4 .04 
senescent 6 0 . 5 1 . 0 6 

Geum r i v a l e 2 2 . 1 2 . 0 1 

4 1 . 2 5 . 0 2 

8 1 . 6 5 . 0 5 

C i r s i u m 
vulgare 

1 6 . 9 5 

5 5 . 0 8 

. 0 9 

. 0 6 

7 7 . 8 1 .14 

Arrhenatherum 1 8 . 0 0 

e l a t i u s 4 0 . 7 0 . 0 1 

5 6 . 4 3 . 0 2 

Arrhenatherum 3 6 . 7 8 . 0 2 

e l a t i u s 
senescent 

6 3 . 8 7 

7 8 . 9 1 

. 0 1 

.04 

D a c t y l i s 4 1 . 9 8 .04 
glomerata 5 7 . 4 9 .04 

7 6 . 9 2 . 0 2 

D a c t y l i s 
glomerata 

senescent 

1 8 . 5 2 

3 7 . 7 7 

7 2 . 1 6 

. 0 3 

. 0 1 

. 0 3 



Appendix 2„ Distribution of lead within plants of selected species. 
(p.p.m. i n dry matter) 

U r t i c a dioica. 
S i t e l a . 

w o n Apparent Mean S.E. n .—:— — — — - corrected mean 

Tips 4 5.82 0 . 7 5 3 6 . 5 9 

Leaves 5 - 7 4 9 . 5 7 1 . 3 0 4 0 . 0 0 

Leaves 8 - 1 0 7 6 . 8 7 2 . 0 3 6 7 . 9 6 

Senescent leaves 1 0 9 o 6 3 2 . 3 2 8 2 . 2 5 

Stems 1 0.04 1 . 8 6 1.48 

S i t e 2ao 

Tips 5 4 . 7 7 0.18 4 5 . 7 5 

Leaves 5 - 7 61.81 0.84 5 1 . 9 2 

Leaves 8 - 1 0 7 3 . 6 9 1 . 7 5 6 4 . 7 1 

Senescent leaves 118.28 2 . 3 5 9 5 . 7 7 

Stems 6.18 0.94 0 

S i t e 3ao 

Tips 6 6 . 1 0 1 . 5 7 5 7.04 

Leaves 5 - 7 7 3 . 4 5 2 . 6 9 6 3 . 5 2 

Leaves 8 - 1 0 9 5 . 5 2 3 . 1 7 8 7 . 0 0 

Senescent leaves 1 3 6 . 1 0 8 . 6 2 1 1 3 , 6 2 

Stems 1 1.04 0 . 5 1 1 . 0 6 

Note : The "apparent corrected mean" i s derived by applying possible 

correction factors for background interference (see figures 6 and 7 ) . 

6 7 



Appendix 2 (Continued) 

Stachys s y l v a t i c a . 

S i t e l b . 

Mean S.E. Apj^arent 
. corrected mean 

Inflorescence 2 8 . 3 7 0 . 1 9 1 9 . 1 5 

Leaves 1 - 2 8 8 „ 4 9 0 . 5 7 7 9 . 2 0 

Leaf 3 1 2 5 = 9 5 0 . 7 7 1 1 6 . 6 9 

Leaves 4 - 5 1 1 5 . 9 8 1 . 8 5 1 0 6 . 5 0 

Senescent leaves 180 o 2 0 2 . 5 0 1 6 8 . 3 4 

Stems 1 1 . 5 0 0 . 6 1 2 . 1 6 

Site 2 b 0 

Inflorescence 7 5 . 2 3 2.10 6 5.82 

Leaves 1 - 2 5 4 . 3 9 0 . 6 8 4 4 . 7 2 

Leaf 3 6 5 . 9 7 0 . 9 9 5 6 . 6 6 

Leaves 4 - 5 7 6 . 8 6 0 . 9 3 6 7 . 5 1 

Senescent leaves 2 5 2 . 4 5 1 7 . 7 5 2 3 6 , 9 6 

Stems 9 . 6 5 0 . 6 3 0 . 6 9 

S i t e 3 b . 

Inflorescence 4 0 . 7 8 3 . 5 5 3 1 . 3 9 

Leaves 1 - 2 4 4 . 1 0 1.54 3 4 . 7 8 

Leaf 3 5 0 . 5 1 2 . 2 0 4 1 . 0 5 

Leaves 4 - 5 7 3 . 0 0 2.81 6 3 . 0 0 

Senescent leaves 145 . 8 9 5 . 0 6 1 3 4 . 0 6 

Stems 9 . 8 6 1 . 9 3 1.40 



Appendix 2 (Continued) 

Arrhenatherum e l a t i u s . 

S i t e lcp 

Inflorescence 

Leaves 1 - 2 

Leaves 5 - 6 

Leaves 7 - 8 

Recent senescent leaves 

Old senescent leaves 

Culms 

S i t e 2 c 

Inflorescence 

Leaves 1 - 2 

Leaves 5 - 6 

Leaves 7 - 8 

Recent senescent leaves 

Old senescent leaves 

Culms 

S i t e 5c. 

Inflorescences 

Leaves i - 2 

Leaves 5 - 6 

Leaves 7 - 8 

Recent senescent leaves 

Old senescent leaves 

Culms 

Mean 

21.33 

42.08 

46.02 

6 7.34 

212.88 

4 . 9 1 

3 0.99 

20.66 

3 2 . 9 1 

5 2.23 

149.80 

3 . 3 5 

16.86 

23.55 

2 9 . 1 6 

5 4 . 2 1 

85.39 

7.49 

S.E. 

1 . 5 6 

x 

1 , 3 0 

1 . 6 3 

9 . 3 3 

0.80 

2 . 8 5 

0 . 8 6 

0 . 5 9 

0 o 9 0 

1 . 1 9 

0 . 6 2 

1 . 3 5 

0 . 2 7 

0.89 

2.59 

2 . 7 0 

1.80 

Apparent 
corrected mean 

v 13.14 

33.66 

37.91 

66.40 

211.86 

0 

22.86 

12.68 

2 4 . 7 5 

5 1.40 

148 . 7 0 

0 

8 . 7 2 

1 5 . 3 2 

2 0.84 

4 4 . 6 7 

8 4 . 3 9 

0 . 6 9 

- indicates material not available at t h i s s i t e . 



Appendix 3 Values of " t " f o r comparison of l e a d concentrations 
i n p l a n t s from three s i t e s 

U r t i c a d i o i c a 

S i t e 1a and 2a 1a and 3a 2a and 3a 

T i p s 11.62 11.65 7.17 

Leaves 5-7 7.90 7.99 4.13 

Leaves 8-10. 1.19 4.96 6.03 

Senescent 
l e a v e s 2.62 2.96 1.99 

Stems 1.86 0.11 0.54 

S t a c h y s s y l v a t i c a 

S i t e 1b and 2b 1b and 3b 2b and 3b 

I n f l o r e s c e n c e 22.21 3.^9 8 .$ 

Leaves 1-2 38.40 27.06 6.12 

L e a f 3 47.98 32.38 6.41 
Leaves 4-5 18.89 12.79 1.30 

Senescent 
l e a v e s 4.03 6.08 5.77 

Stems 2.10 0.81 0.10 

Arrhenatherum e l a t i u s 

S i t e 1c and 2c 1c and 3c 2c and 3c 

I n f l o r e s c e n c e 2 ,97 2.17 ^ 9 

Leaves 1-2 24.70 65.20 3.21 
Leaves 5-6 9.16 10.73 3.50 

Recent s e n e s c ­
ent l e a v e s 8.12 5.73 11.63 

Old senescent 
l e a v e s 6.70 

Culms 1.54 1 «31 2 « 1 ? 


