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SHORT COMMUNICATION 

A comparat ive  s tudy of metal  levels  in plants  
f rom two contrast ing l ead-mine  sites 

Summary 

A n  i n v e s t i g a t i o n  i n to  t h e  levels  of m e t a l s  in  p l a n t s  g rowing  on  meta l l i -  
ferous  soils was  ca r r i ed  out .  T h e  e x c h a n g e a b l e  m e t a l  c o n c e n t r a t i o n  of soils 
f r om T y n d r u m  a n d  T re logan  was  found  to  be  e x t r e m e l y  v a r i a b l e  f rom sample  
to  s a m p l e  a n d  t h e  in f luence  of soil p H  on t h e  e x c h a n g e a b l e  lead  a n d  zinc 
c o n c e n t r a t i o n  is discussed.  La rge  d i f ferences  in  h e a v y  m e t a l  levels were found  
b e t w e e n  species a n d  m a y  be  i n d i c a t i v e  of d i f f e ren t  m e c h a n i s m s  of t o l e rance  
to  lead a n d  zinc excess. La rge  d i f ferences  in  ca lc ium levels  b e t w een  p l a n t  t is-  
sues  were  also found.  These  m a y  resu l t  f rom t h e  use of ca lc ium in ame l io ra t -  
ing  lead a n d  zinc t o x i c i t y  in  some species. 

Introduction 

A n u m b e r  of s tud ies  h a v e  been  m a d e  of lead to l e rance  in p l an t s ,  e.g. 
J o w e t t 5 a n d  G r e g o r y a n d  13 r a d s h a w 3, b u t  t he re  is a l ack  of d a t a  conce rn -  
ing~lead levels  in  a r ange  of p l a n t  species. W e  dec ided  to  s t u d y  m e t a l l e v e l s  
in  a n u m b e r  of species f rom two  l ead -mine  spoil  heaps  of c o n t r a s t i n g  cha rac -  
t e r  a t  T re logan  in N o r t h  Wales  a n d  a t  T y n d r u m  in Scot land .  T h e  Tre logan  
spoil  is ca lcareous  a n d  t he  soils de r ived  f rom i t  h a v e  a h i g h  pH.  A t  T y n d r u m  
t h e  spoil  bea r s  acidic soils w i t h  a low ca lc ium con t en t .  T h e  s i tes  h a v e  c o n t r a s t -  
ing f loras a n d  few species in  co mmo n .  

Material and methods 

1. P l a n t  a n d  s o i l  c o l l e c t i o n .  P l a n t s  a n d  soil were col lected f rom T y n -  
d r u m  (G.R. ~IN 318304 a n d  Tre logan  (G.R. SJ  127808). A t  each  s i te  t h r e e  or  
occas iona l ly  two  samples  were  t a k e n  f rom widely  spaced  areas  of a b o u t  l m  2. 
The  aer ia l  p l a n t  p a r t s  of t h e  s a m p l e d  species were  col lected a n d  soil s amples  
were t a k e n  f rom a r o u n d  t h e  roo ts  of t h e  s ampled  p l a n t s  to  a d e p t h  of 10 cm. 
A t  T re logan  a superf ic ia l  w ind  b lown  dr i f t  m a t e r i a l  was  n o t  i nc luded  in t h e  
s ample  since t h e  p l a n t s  were  f o u n d  roo t ing  in t h e  s t ab le  layers  below. Collec- 
t i ons  were  m a d e  a t  T y n d r u m  on  25 May,  1973 a n d  Tre logan  on  10 Ju ly ,  1973. 

2. A n a 1 y s i s. a. P l a n t s .  T h e  r equ i r ed  pa r t s ,  a f t e r  r emova l ,  were r i n sed  twice  
in  de ion ized  w a t e r  u n t i l  clean.  W a s h i n g  m a y  resu l t  in  some loss of a b s o r b e d  
ions,  b u t  t h i s  was  n o t  t h o u g h t  to  be  a ser ious source  of error .  T h e  p l a n t  m a -  
t e r ia l  was  t h e n  oven  dr ied  a t  60°C for  5 days  a n d  d iges ted  b y  we t  a s h i n g  w i t h  
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c o n c e n t r a t e d  n i t r i c  acid.  Ana lyses  of t h e  so lu t ions  were  ca r r ied  o u t  us ing  a 
P e r k i n - E l m e r  103 a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r .  

b. Soils. Soil s amples  were  a i r  d r ied  in  t h e  l a b o r a t o r y  a n d  s ieved  t h r o u g h  a 
2 m m  sieve. S u b s e q u e n t  ana lyses  were  ca r r ied  o u t  in  dup l i ca t e  on  two  sub-  
s amp led  repl ica tes .  Soil p H  was m e a s u r e d  in  a 1 : 1 so i l /de ionized  w a t e r  m i x t -  
u re  us ing  a B e c k m a n n  ze roma t i c  pI-I mete r .  T h e  glass e lec t rode  was p laced  in  
t h e  soil solid p h a s e  l eav ing  t h e  re ference  e lec t rode  in t h e  c lear  s u p e r n a t a n t .  

F o r  e x c h a n g e a b l e  m e t a l  ex t r ac t i o n ,  each  soil s ample  was l eached  w i t h  M 
a m m o n i u m  a c e t a t e  solut ion.  Soil s amples  were  g ro u p ed  i n to  pI-I r anges  of 
0.5 u n i t s  f r o m  t h e  r e su l t s  of t h e  p r ev ious  ana lyses  a n d  t h e  p H  of t h e  a m m o n -  
i u m  a c e t a t e  so lu t ion  ad ju s t ed ,  us ing  a m m o n i a  or  h y d ro ch l o r i c  acid,  to  f i t  t h e  
m e a n  of e ach  soil p H  range .  Consequen t ly ,  soil e x t r a c t i o n  was ca r r ied  o u t  a t  
t h e  a p p r o x i m a t e  p H  of each  soil sample .  

Soil s amples  were  dr ied  a t  80°C for  5 days  to  o b t a i n  a n  ' oven  d r y '  re ference  
we igh t  a n d  all  r esu l t s  are  expressed  on  t h i s  basis .  

Results 

The  resu l t s  of p l a n t  a n d  soil ana lyses  for  lead,  zinc a n d  ca l c ium are  p r e s e n t -  
ed here.  Ana lyses  of t h e  s ame  samples  for nickel ,  c h r o m i u m ,  cobal t ,  i ron,  mag-  
nes ium,  s o d i u m  a n d  p o t a s s i u m  are  g iven  in  J o h n s t o n  4. 

TABLE 1 

Tyndrum soil analysis 

Plant growing on Sample 

sample collected no. pH 

Metal concentration (ppm) 

Pb Zn Ca 

A grostis 1 5.2 3.844 23.3 23.8 
¢anina ssp montana 2 5.1 5.982 33.5 44.1 

3 4.9 3.441 14.0 8.6 
CaUuna vulgaris 1 5.2 804 2.5 9.8 

2 4.4 4,221 33.0 30.0 
3 5.1 502 2.8 9.7 

Cerastium holosteoides 1 7.0 805 21.7 704.8 
2 7.1 907 26.0 836.6 
3 6.8 979 54.8 113.4 

]uncus squarrosus 1 5.3 8,120 91.3 253.7 
2 4.6 4,347 29.7 101.1 
3 5.6 3,923 34.2 171.0 

Larix decidua 1 4.3 1,937 41.1 19.9 
2 4.3 3,345 91.2 27.4 
3 4.7 7,419 47.8 52.6 

Pinus sylvestris 1 4.3 3,345 91.2 27.4 
2 4.6 4,086 42.1 17.9 
3 4.4 3.040 11.8 8.4 

Saxi]raga aizoides 1 7.1 202 3.0 24.1 
2 6.6 1,208 54.9 4.5 

Thymus drucei 1 7.3 1,918 23.7 11. I 
2 7.1 1,522 37.4 8.1 
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a. T y n d r u m .  T h e  soils (Table  1) were  of p H  4.3-7.3.  E x c h a n g e a b l e  lead 
c o n c e n t r a t i o n  r a n g e d  f rom 202 p p m - - 8 , 1 2 0  p p m  w i t h  a m e a n  of 2,995 ppm.  T h e  
zinc levels  were  low (range 2.5 p p m  - -91 .3  p p m ;  m e a n  36.9 ppm) ,  c o m p a r e d  
t o  t h e  T re logan  soils b u t  m o s t  exceed  va lues  r e p o r t e d  b y  S w a i n e  7 for ' nor -  
ma l '  soils. Ca lc ium levels  were  be low 55.0 p p m  e x c e p t  for  t hose  samples  f rom 
u n d e r  Cerastium holosteoides a n d  Juncus  squarrosus (p lan t  n a m e s  are those  
used  in  C l a p h a m ,  T u t i n  a n d  W a r b u r g 2 ) .  

T h e  p l a n t s  (Table  2) showed  large d i f ferences  in  lead levels. Two of t h e  
Pinus  sylvestris samples  c o n t a i n e d  on ly  5.0 p p m  lead c o n t r a s t i n g  w i t h  650.0 
p p m  in  one of t h e  samples  of Juncus  squarrosus. Zinc  levels showed  smal le r  
v a r i a t i o n s  a n d  t h e r e  were large  d i f ferences  in  t h e  ca lc ium c o n c e n t r a t i o n  w h i c h  
va r i ed  f rom 415 p p m  in Agrostis canina ssp montana to  25,300 p p m  in Saxi-  
]raga aizoides. 

b. T r e l o g a n .  The  soils a t  T re logan  (Table  3) were w i t h i n  t h e  I~H range  
6.9-8.1.  E x c h a n g e a b l e  lead r a n g e d  f rom 36.0 p p m  to  880.0 p p m  w i t h  a m e a n  
of 567.8 p p m .  T h e r e  were  h i g h  levels  of zinc ( range 200 p p m  - 3,560 p p m ;  
m e a n  1,999 ppm)  w h i c h  sugges ts  t h a t  th i s  m e t a l  m a y  be  i m p o r t a n t  in  in f luenc-  
ing  p l a n t  g rowth .  T h e  e x c h a n g e a b l e  ca lc ium levels were  also h i g h  (range 
620 p p m  - 10,900 p p m ;  m e a n  2,358 ppm) .  

TABLE 2 

Tyndrum plant analysis 

Species collected Plant Sample 

part  no. 

Metal concentration (ppm) 

Pb Zn Ca 

A grostis canina Leaf 1 570 110 415 
ssp montana blades 2 290 85 800 

3 295 88 575 
Caltuna vulgaris Young 1 60 65 2,450 

shoots 2 530 42 3,140 
3 120 28 1,245 

Ceraslium holosteoides Leaves 1 280 205 11,000 
2 350 248 12,150 
3 135 340 10,750 

Juncus squarrosus Leaves 1 85 148 845 
2 650 375 555 
3 115 180 640 

Larix decidua Leaves 1 30 93 750 
2 40 88 1,085 
3 25 125 1,510 

Pinus sylvestris Leaves 1 15 183 515 
2 5 33 485 
3 5 35 705 

Saxilraga aizoides Leaves 1 205 65 25,300 
2 80 120 7,500 

Thymus drucei Leaves 1 495 105 11,000 
2 145 98 11,800 
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TABLE 3 

Trelogan soil analysis 

Plant growing on 

sample collected 

Sample 

no. pH 

Metal concentration (ppm) 

Pb Zn Ca 

Acer pseudoplatanus 

A grostis stolonilera 

Centrantkus tuber 

Cerastium kolosteoides 

Charaaenerion angustilolium 

Festuca rubra 

Hieracium sp. 

Minuartia verna 

Plantago lanceolata 

Rtclw,~x ~cetosa, 

1 7.3 700 2,170 1,000 
2 7.3 880 2,640 6,250 
3 7.2 850 2,340 6,200 
1 7.5 800 2,700 1,250 
2 7.3 680 3,000 1,400 
3 7.4 600 3,560 3,700 
1 8.1 36 200 3,250 
2 8.1 140 300 3,500 
3 8.0 340 500 3,650 
1 7.4 270 1,500 4,150 
2 6.9 800 2,200 10,900 
3 7.3 400 2,050 3,550 
1 7.5 560 2,480 850 
2 ?.6 340 960 1,450 
3 7.8 360 1,200 1,900 
1 7.4 600 2,780 1,050 
2 7.5 800 2,850 1,170 
3 7.7 680 2,660 900 
1 7.6 330 1,470 1,870 
2 7.5 460 1,770 2,750 
3 7.5 500 1,520 1,200 
1 7.5 460 2,150 620 
2 7.5 680 2,300 850 
3 7.6 740 1,930 950 
1 7.3 700 2,100 1,300 
2 7.4 600 1,200 1,250 
3 7.5 700 1,700 1,170 
1 7.0 650 2,780 1,000 
2 7.1 700 2,640 950 
3 7.1 680 2,340 700 

T h e r e  were  large  d i f fe rences  in  m e t a l  levels b e t w e e n  p l a n t  species (Table  
4). M a n y  c o n t a i n  h i g h  c o n c e n t r a t i o n s  of l ead  a n d  zinc, e.g. R u m e x  acetosa 

(5,450 p p m  lead a n d  11,000 p p m  zinc, Agrostis stoloni/era (1,965 p p m  lead) 
a n d  Minuar t ia  verna (3,200 p p m  zinc). H i g h  levels  of ca l c ium were  also f o u n d  
in  m a n y  species.  

Discussion 

T h e  e x c h a n g e a b l e  levels  of l ead  were  h i g h e r  in  t h e  T y n d r u m  soil c o m p a r e d  
w i t h  s amples  f rom Tre logan .  Th i s  is p r o b a b l y  assoc ia ted  w i t h  soil p H .  Lead ,  
w h i c h  m a y  occur  as  P b  (II) ,  wil l  r e m a i n  in so lu t ion  in  T y n d r u m  soils (pH 
r a n g e  4.3-7.3)  b u t  wiU p r o b a b l y  b e  p r e c i p i t a t e d  as h y d r o x y  c o m p o u n d s  in  
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TABLE 4 

Trelogan plant analysis 

255 

Species collected Plant Sample 

part  no. 

Metal concentration (ppm) 

Pb Zn Ca 

A cer Seedling 
pseudoplatanus leaves 

A grostis stolonilera Leaf 
blades 

Cenlranlhus tuber Leaves 

Cerastium Leaves 
holosteoides 

Chamaenerion 
angustilolium 

Leaves 

Festuca rubra Leaf 
blades 

Hieracium sp. Leaves 

Minuartia verna Leaves 

Plantago lanceolata Leaves 

Rumex acetosa Leaves 

1 1,790 2,900 8,000 
2 1,715 2,500 8,500 
3 1,955 3,500 8,750 
1 1,965 2,500 6,500 
2 1,480 2,000 4,500 
3 1,760 2,500 4,000 
1 50 102 11,250 
2 45 92 12,000 
3 45 75 8,000 
1 960 2,900 28,500 
2 530 1,750 12,000 
3 938 2,763 34,180 
1 45 178 11,250 
2 60 192 12,500 
3 55 138 16,000 
1 720 1,900 5,000 
2 670 800 2,500 
3 570 1,600 4,500 
1 120 1,000 18,000 
2 140 1,200 19,750 
3 100 1,200 17,750 
1 1,580 3,200 12,000 
2 1,575 2,200 11,000 
3 700 2,500 12,500 
I 430 1,500 18,750 
2 420 1,750 15,000 
3 455 1,200 I 1,250 
1 2,580 5,000 5,000 
2 2,200 5,000 35,000 
3 5,450 11,000 20,000 

T r e l o g a n  soils s ince t h e  p H  of m o s t  s amples  f rom th i s  s i te  is n e a r e r  t h e  p K a  
v a l u e  for  t h e  e q u i l i b r i u m  s h o w n  in  (1). 

[Pb(H20)412+ K a [Pb (H20)3OH]+  + H+ (pKa  = 7.9) (1) 

( p K a  va lve  t a k e n  f rom C o t t o n  a n d  W i l k i n s o n 1 ) .  

P rogress ive  i on i za t i on  of a q u o  l igands  will lead  to  inso luble  po lymer i c  h y d r o x y  
complexes  a n d  t h i s  m a y  a c c o u n t  for  t h e  lower  a v a i l a b i l i t y  of t h i s  m e t a l  a t  
Tre logan .  

I n  sp i te  of t h e  lower  e x c h a n g e a b l e  soil lead,  m a n y  p l a n t s  f rom Tre-  
logan  c o n t a i n e d  h i g h e r  levels  of l ead  t h a n  species f r o m  T y n d r u m .  T h e  p l a n t  
r e sponse  to  lead  var ies  also b e t w e e n  species f rom t h e  s ame  site. F o r  example ,  
a t  T re logan  P l a n t a g o  lanceolata  h as  a n  a v e r a g e  lead c o n c e n t r a t i o n  in i t s  leaves  
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of 438 ppm when growing in a soil with an average exchangeable lead content 
of 666 ppm whereas Rumex  acetosa contains an average of 3,410 ppm lead in 
its leaves when growing in soil of mean lead concentration 676 ppm. The 
different levels of lead within the plants may be a manifestation of different 
means of lead tolerance by the plants concerned. 

The high calcium levels in the Trelogan spoil is reflected in the generally 
higher plant  calcium content from this site compared with plants from Tyn-  
drum. This may account for the higher plant  lead levels at Trelogan since 
calcium is known to often have an ameliorative influence on heavy metal 
toxicity. Thus some plants from Trelogan may counteract lead toxicity by 
maintaining high internal  calcium levels. I t  is noteworthy however that  the 
plant  levels of calcium vary from species to species and in some plants the 
role of calcium may be less important.  Compare, for example, Festuca rubra 
with Cerastium holosteoides. Whilst both have comparatively small differences 
in mean lead levels (Festuca rubra contained 653 ppm compared to 807 ppm 
in Cerastium holosteroides), calcium concentrations are very different (4,000 
ppm in Festuca rubra compared with 24,893 ppm in Cerastium holosteoides). 

Trelogan soils contained high levels of exchangeable zinc. This was unex- 
pected since the pH range of soils from this site exceed the pKa for the equili- 
br ium (2) leading to the formation of insoluble hydroxy complexes. 

[Zn(i_i20)4]~+ K a  [Zn(H~O)3OH]+ + H+ (pKa = 5.4) (2) 

(pKa value taken from C o t t o n  and W i l k i n s o n Z ) .  The pH of the soils are 
not  high enough to promote formation of soluble zincates (which occurs at 

pH 13.0). One possible explanation for the higher exchangeable zinc at 
Trelogan compared to Tyndrum, is a very high total  zinc in the solid phase, 
the slight solvolysis of which would result in a comparatively large exchange- 
able fraction. This gains some support since S m i t h  and B r a d s h a w  ~ esti- 
mated the total  zinc level in samples from Trelogan to be 35,940 ppm. 
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