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INTRODUCTION 

General 
Every g a l l o n of p e t r o l s o l d i n B r i t a i n today contains 

around 2 grams of lead i n an organic form, T.E.L. or t e t r a -
e t h y l lead. I t i s there as an anti-knock agent t o prevent 
spontaneous i g n i t i o n of the f u e l mixture under compression; 
motor vehicles run more smoothly "because of i t and f u e l con­
sumption i s consequently reduced. To produce p e t r o l of e q u i -
valent octane r a t i n g w i t h o u t the a d d i t i v e would i n v o l v e an 
a d d i t i o n a l expense of 1-2 p / g a l l o n . When the p e t r o l i s bu r n t , 
some lead i s r e t a i n e d i n exhaust system deposits and some B 
discarded during changes of l u b r i c a t i n g o i l and f i l t e r s , "but 

the greatest p a r t , 75% or more )is emitted as an aerosol of 
f i n e p a r t i c l e s of inorganic lead compounds. Detectable amounts 
of organic lead are also present i n the exhaust gases. 

As a consequence there are elevated l e v e l s of lead i n a i r , 
water, s o i l , v e g e t a t i o n and our bodies. I t i s u n l i k e l y there 
i s any p a r t of the surface of the e a r t h t h a t i s unaffected; 
measurable q u a n t i t i e s of lead i n Polar snows can be shown t o 
be wholly due t o the a c t i v i t i e s of man. 

Lead i s one of the most i n s i d i o u s l y t o x i c of the heavy 
metals, a cumulative poison t h a t i n t e r f e r e s w i t h v i r t u a l l y a l l 
metabolic processes and i s e s p e c i a l l y harmful i n i t s organic 
form. Since i t acts i n a number of d i f f e r e n t ways, there i s 
no agreement over what may be considered the t o x i c t h r e s h o l d 
of lead f o r the human body. Monier.-Williams (1949), a 
t o x i c o l o g i s t , w r i t e s : 
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"Consideration of the t o x i c l i m i t s so f a r as these are defined 
by the appearance of symptoms of poisoning, i s "beside the p o i n t 
and tends t o obscure the r e a l question. What we would l i k e t o 
know i s not so much the t o x i c l i m i t as the safe l i m i t , i f 
indeed any l i m i t , however small, f o r a cumulative poison can 
he regarded as safe." Concern has increased w i t h the conclu­
s i o n of Patterson (1965) t h a t "the average r e s i d e n t of the 
United States i s "being subjected t o severe chronic lead 
i n s u l t , " and the work of Bryce-Smith (1971) a s s o c i a t i n g e n v i ­
ronmental lead p o l l u t i o n i n B r i t a i n w i t h increased admissions 
to mental h o s p i t a l s . 

Almost nothing i s known of lead l e v e l s i n animals, other 
than man, and of t h e i r e c o l o g i c a l i m p l i c a t i o n s . The N.E.R.C. 
Report (1969) on the deaths of sea b i r d s i n the I r i s h Sea 

found abnormally high l e v e l s of lead, as w e l l as mercury, 
arsenic and pol y - c h l o r i n a t e d - b i - p h e n y l s (P.G.B.'s), i n the 
t i s s u e s of corpses recovered but was unable t o say which 
s i n g l e p o l l u t a n t , i f any alone, was responsible f o r the d i s a s t e r . 
Sources of lead p o l l u t i o n 

Lead may be present i n the atmosphere due t o e i t h e r 
n a t u r a l or man-made causes. Patterson (1965 J l i s t s the s i x 
most important n a t u r a l sources as: s i l i c a t e dusts from n a t u r a l 
s o i l s ; volcanic halogen aerosols; volcanic s i l i c a t e smokes; 
f o r e s t f i r e smoke; a e r o s o l i c sea s a l t s and m e t e o r i t i c smokes. 
An estimate of t h e i r combined e f f e c t s accounts f o r only \°/0 or 
the lead present i n r u r a l a i r and less than 0.01% of t h a t i n 
c i t y a i r . 

The present annual prod u c t i o n and consumption of lead i n 
the world i s around 3 m i l l i o n tons, of which the U.S.A. consumes 
kOfo (approx. 15 l b . per c a p i t a ) . American usage of lead 
doubled between 1925 and 196i+; increased use i n anti-knock 



compounds and f o r storage b a t t e r i e s more than o f f s e t decreased 
use i n p a i n t s , pigments, b u i l d i n g m a t e r i a l s and i n s e c t i c i d e s . 
Lead i n p e t r o l , at an average concentration of 1 .9 g/gallon 
i n the r e g u l a r grades and 2.56 g/gallon premium (1+20 and 565 
ppm r e s p e c t i v e l y ) , accounted f o r 2^3,000 tons of lead i n 1964, 
16.5% of the U.S.A.'s consumption f o r t h a t year. 

B r i t a i n ' s p e t r o l sales rose from 1,?00 m i l l i o n gallons 
i n 1960 t o 3,100 m i l l i o n i n 1970, which must have released 
some 7»000 tons of lead i n t o our a i r l a s t year. Since the 
advent of lead a d d i t i v e s i n 1923, i t has been estimated t h a t 
2.3 m i l l i o n tons of lead i n i t s organic form have been burnt 
i n the northern hemisphere; i f evenly d i s t r i b u t e d over t h a t 
p a r t of the earth's surface, and a l l brought down by r a i n , 
t h i s would amount t o 10 mg Pb/sq.fn. (Chow and Johnstone, 
1965). 

A much smaller amount, and p r o p o r t i o n , of lead i s " l o s t " 
t o the environment through other i n d u s t r i a l and t e c h n o l o g i c a l 
processes. The manufacture of lead p a i n t and storage b a t t e r ­
ies releases i n t o the atmosphere only 0.1-0.01% of t o t a l 
p r o d u c t i o n ( C a i d i n 1966) w h i l s t the use of lead arsenates as 
p e s t i c i d e s has g r e a t l y declined. The burning of c o a l , which 
may c o n t a i n 10-15 ppm of lead, w i l l make an a d d i t i o n a l c o n t r i ­
b u t i o n , but i n power s t a t i o n s , and other i n d u s t r i a l uses, 
the m a j o r i t y of t h i s w i l l be c o l l e c t e d by f i l t e r s . 

There has been no serious challenge t o the conclusion o f 
a number of workers t h a t the p r i n c i p a l source of environmental 
lead p o l l u t i o n i s t h a t added to p e t r o l (e.g. Lagerwerff, 1967; 
Danielson, 1970). Proof has r e c e n t l y been provided by the 
a p p l i c a t i o n of the ' i s o t o p i c r a t i o f i n g e r - p r i n t i n g technique' 
whereby the r e l a t i v e p r o p o r t i o n s of the lead isotopes 204, 



206, 207 and 208 are used t o i d e n t i f y a p a r t i c u l a r lead ore 
or p o l l u t i o n source. The work of Chow (1970, 1971 ) has shewn 
a close c o r r e l a t i o n between the i s o t o p i c lead r a t i o s i n 
p e t r o l and those i n the s o i l of roadside verges i n C a l i f o r n i a , 
and i n the a i r or s o i l of ten major c i t i e s i n Europe, America 
and Asia. The c o r r e l a t i o n s are close r f o r a i r than f o r s o i l 
since there i s a higher background of n a t u r a l lead i n the 
l a t t e r . B i o l o g i c a l m a t e r i a l has yet t o have i t s source of 
contamination i d e n t i f i e d by t h i s technique. 
Nature of the lead p o l l u t i o n from v e h i c l e exhausts 

When p e t r o l i s burned i n an i n t e r n a l combustion engine, 
most, but not a l l , of the lead a l k y l i s decomposed to inorganic 
lead. Ethylene dibromide and d i c h l o r i d e , also added t o p e t r o l , 
"scavenge" the lead from the engine i n the form of v o l a t i l e 
lead halides a f t e r combustion. The p r i n c i p a l product i s lead 
chloro-bromide, PbCl.Br, but there are i n a d d i t i o n three 
complexes of t h i s chemical w i t h ammonium c h l o r i d e , v i z . 
ocNH^C1.2PbCl.Br ; ^ NH^Cl^PbCl.Br; and 2NH^C1. PbCl.Br. Traces 
of two other compounds, lead sulphate, PbSO^, and a lead 
oxide-lead h a l i d e complex, PbO.PbCl.Br.HgO* may also be 
found. 

The r e l a t i v e p r o p o r t i o n s of these compounds vary accord­
ing t o the make and age of the engine and the temperature of 
the exhaust gases. P u l l t h r o t t l e a c c e l e r a t i o n , when exhaust 
gas temperatures are higher, produces mainly lead c h l o r o -
bromide, whereas d r i v i n g at lower speeds, e.g. i n c i t i e s , 
favours the formation of ammonium-lead-halides. Two f u r t h e r 
v a r i a b l e s t h a t depend on the d r i v i n g conditions are the p r o ­
p o r t i o n of input lead t h a t i s emitted i n the exhaust at any 
time, and the size of the p a r t i c l e s t h a t are formed. Past 



d r i v i n g and r a p i d a c c e l e r a t i o n may r e l e a s e up to 20 times the 

lea d content of the p e t r o l used, s i n c e lead that accumulated 

i n exhaust system deposits during slower d r i v i n g i s a l s o 

discharged, and the s i z e of the p a r t i c l e s i s correspondingly 

l a r g e r . 

The c h a r a c t e r i s t i c s of exhaust emission under d i f f e r e n t 

d r i v i n g c o n d i t i o n s may "be summarised as f o l l o w s , the data 

taken from H i r s c h l e r and G i l b e r t (1964): 

r a p i d 
accele­
r a t i o n 

slower 
d r i v ­
ing 

% wt. of Pb compounds i n exhaust % lead 
input 
emitted 

s i z e of 
p a r t i c l e s 

lead-chloro-brom. amm.-lead-
h a l i d e s 

% l ead 
input 
emitted 

s i z e of 
p a r t i c l e s 

900-
85-907. 1 0-1 5 % 2, 000 % kOfo > 5/w 

approx. 50% approx.50% 30-557. 25% > 5/v 

H i r s c h l e r and G i l b e r t (1964) a l s o measured the r a t i o of 

inorganic to organic lead i n the exhaust of one p a r t i c u l a r c a r . 

Using a s e r i e s of f i l t e r s and scrubbers to d i f f e r e n t i a t e 

between the two forms, they c o l l e c t e d 1,000 times more of the 

inorganic than the organic l e a d . Only 0.023% of the input l e a d 

was emitted i n the organic form, considerably l e s s than the 

proportion of unburnt hydrocarbon f u e l . T h i s is suggestive 

that the heat r e s u l t i n g from compression i s alone r e s p o n s i b l e 

f o r the decomposition of a cons i d e r a b l e proportion of the ]ead 

a i k y l s . 

I t i s not known whether the car t e s t e d was t y p i c a l ; the 

proportion of organic l e a d i n the urban atmosphere has been 

reported as being considerably higher, approx. 2% and up to 

10% (Danielson, 1970). T h i s may w e l l be due to the more 
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r a p i d sedimentation of the l a r g e r of the inorganic p a r t i c l e s . 
L i t t l e i s known about the length of l i f e of the lead 

h a l i d e complexes once they are emitted. They are not very 
st a b l e compounds and probably break down q u i c k l y t o simpler 
lead c h l o r i d e s , bromides and oxides. Once deposited on the 
s o i l , these may change t o a v a r i e t y of inorganic lead com­
pounds, many of very low s o l u b i l i t y . 
Extent of lead p o l l u t i o n 

The amount of lead t h a t i s mined and subsequently i n t r o ­
duced i n t o our r e l a t i v e l y small urban environments each year 
has been c a l c u l a t e d t o be over 100 times greater than the 
amount leached n a t u r a l l y from s o i l s and added t o the oceans 
of the world (Chow and Patterson, 1962). Nine-tenths of the 
lead i n the upper, mixed, zones of the open oceans of the 
Northern Hemisphere i s l i k e l y to have had t e c h n o l o g i c a l o r i ­
gins (Tatsumoto and Patterson, 1963)^ and the atmosphere of 
the Northern Hemisphere contains about 1,000 times the " n a t u r a l " 
c o ncentration of lead i n a i r (Patterson, 1965). 

A study of lead i n annual s t r a t a of snow i n Northern 
Greenland e l e g a n t l y demonstrated the extent of g l o b a l conta­
mination and the r e l a t i v e l y recent increase i n airborne lead . 
Levels became detectable i n snow deposited i n 800 B.C. and 
rose only slowly u n t i l 1750 A.D. Around t h a t time, w i t h 
i n c r e a s i n g i n d u s t r i a l i s a t i o n of many countries of the w o r l d , 
the r a t e increased, reaching 0.07 microgm/kg ( p a r t s per 
thousand m i l l i o n ) by 1940. I n the next 25 years i t rose 
r a p i d l y , i n creasing 300% t o 0.22 microgm./kg i n 1965. The 
lead content of the South Polar i c e sheets, two low f o r 
d e t e c t i o n before 1950, i s now at 0.02 microgm./kg. (Murozumi, 
Chow and Patterson, 1969). 



A s i m i l a r " h i s t o r i c a l lead g r a d i e n t " has "been demonstrated 
i n " b i o l o g i c a l m a t e r i a l "by Ruhling and Tyler (1968), who have 
f o l l o w e d the r i s e i n lead content of woodland mosses of 
Southern Sweden i n museum specimens d a t i n g from 1860. 
Toxicology of lead 

The t o x i c e f f e c t s of lead are very complex. There i s no 
s i n g l e harmful e f f e c t t h a t i s unique to lead (making i d e n t i f i ­
c a t i o n of low l e v e l damage d i f f i c u l t ) and the t o x i c o l o g y of 
organo-lead compounds i s seemingly unrelated t o the t o x i c 
e f f e c t s of the lead i o n . There e x i s t s the p o s s i b i l i t y of 
s y n e r g i s t i c e f f e c t s ; l e v e l s of lead t h a t would alone "be harm­
less may "be dangerous i n the presence of other heavy metals 
or p e s t i c i d e s . Furthermore, v u l n e r a b i l i t y of an organism t o 
damage i s known to vary at d i f f e r e n t times of i t s l i f e . 

Inorganic lead has a wide range of e f f e c t s on "brain, 
p e r i p h e r a l nerves, "blood, kidney and the vascular system. I t 
i s known t o i n t e r f e r e w i t h the p r o d u c t i o n of red blood c e l l s 
by a f f e c t i n g an enzyme, ALA-dehydratase, involved i n haem 
synthesis (Hernberg and Nikkanen, 1970); i t " f o l l o w s " calcium 
to the skeleton, whence i t i s mobilised i n pregnancy and i n 
ageing (Hardy, 1965) and i t can cause morphological changes 
i n mitochondria and abnormalities i n ribosomes (Westerman 
et a l , 1965). The increased numbers of s t e r i l e marriages, 
and of pregnancies ending prematurely or i n s t i l l b i r t h , of 
lead workers i n the 19th century demonstrate the e f f e c t s of 
lead on the germ c e l l s and i t s a b o r t i f a c i e n t a c t i o n on the 
f o e t u s . 

There i s now increasing awareness t h a t the greatest r i s k 
of a l l may be t o the mental development of the young. The 
analysis of B r i t i s h h e a l t h s t a t i s t i c s f o r the p e r i o d 1964-68 



8. 

"by Bryce-Sraith (.1971 ) has shown tha t the g r e a t e s t increase i n 
admissions t o mental h o s p i t a l s and u n i t s occurred i n the 
youngest age-groups, e.g. an increase i n 100% f o r g i r l s and 
bCP/o f o r "boys i n the 0-10 age group over the 4 year p e r i o d . 
Bryce-Bmith acknowledges t h a t he has no proof of oamfal 
r e l a t i o n s h i p "between the r i s e i n mental disorder and the 
increase i n urban lead p o l l u t i o n , but such a w e l l - d e f i n e d 
r i s e i n i l l n e s s predominantly i n the younger age groups 
cannot be explained c o n v i n c i n g l y on p u r e l y procedural grounds 
(e.g. changes i n admission p o l i c y or b e t t e r d i a g n o s i s ) . He 
believes t h a t i t i s h i g h l y suggestive t h a t during the past 
few years some new causative i n f l u e n c e , t o which c h i l d r e n 
are p a r t i c u l a r l y vulnerable, has been i n c r e a s i n g l y at work. 
The dangers of lead poisoning i n the young are greater since 
growing t i s s u e s are more su s c e p t i b l e t o i n t e r f e r e n c e , homeo-
s t a t i c mechanisms are not so w e l l developed, and growing bone 
i s more l a b i l e . A course of c h e l a t i o n therapy has been used 
s u c c e s s f u l l y i n Switzerland t o reduce blood l e v e l s of heavy 
metals i n a d u l t s ( r e p o r t i n The Guardian, May 19th, 1971) but 
the treatment must be used w i t h c a u t i o n and cannot reverse any 
damage already caused to the c e n t r a l nervous systems of 
c h i l d r e n . 

There are s t i l l those who b e l i e v e t h a t lead p o l l u t i o n i s 
a n e g l i g i b l e hazard t o h e a l t h . Kehoe (1961 , 1964), working 
at the K e t t e r i n g L a b o r a t o r i e s , C i n c i n n a t i (a research i n s t i -
t i i t i c O i p r i m a r i l y supported by the Lead I n d u s t r i e s A s s o c i a t i o n 
and E t h y l Corporation of America), maintains t h a t the body 
adjusts t o preserve a "lead balance" and t h a t "the supposed 
chronic lead i n t o x i c a t i o n from environmental contamination i s 
a myth not a f a c t . " The experiments on which he bases h i s 
conclusions are unli'-ely to be repeated; they involved 
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i n c r e a s i n g , "by several times, the average d a i l y i n t a k e of lead, 
"by i n g e s t i o n and i n h a l a t i o n , of human subjects w i t h apparently 
no i l l e f f e c t s . The subjects were h e a l t h ^ male a d u l t s , 
n e i t h e r the sex nor the age-group most s u s c e p t i b l e , and he 
was n o t i c i n g only the ov e r t , c l i n i c a l symptoms of lead poison-
i n g . Kehoe i s not, however, w i t h o u t supporters; Haley (196b) 
w r i t e s : 

"Lead compounds i n car exhaust may not be a v a i l a b l e , or i f 
a v a i l a b l e not absorbed, or i f absorbed not r e t a i n e d no 
c o n t r i b u t i o n i s made by them t o the body burden of lead." 

The t o x i c t h r e s h o l d f o r lead i n the blood proposed by 
Kehoe, 0.5 ppm, i s approximately double the l e v e l s which 
other workers b e l i e v e are dangerous t o exceed, e.g. 0.36 
ppm (Moncrieff et a l 1964) and 0.5 ppm ( E g l i et a l 1957). 
Enzyme i n h i b i t i o n has been shown t o occur even over the 
range 0.2-0.4 ppm (Hemberg and Nikkanen, 1970; M i l l f c r et 
a l , 1970) i . e . at the l e v e l s now present among the general 
urban p o p u l a t i o n . The conclusion by Bryce-Smith (1971) 
t h a t "no other t o x i c chemical p o l l u t a n t has accumulated i n 
man t o average l e v e l s so close t o the t h r e s h o l d f o r overt 
c l i n i c a l poisoning " seems unavoidable. 

The e f f e c t s of Organic lead have been p o o r l y s t u d i e d . 
I t i s known t o be much more poisonous than inorganic lead, 
the t o x i c e f f e c t s bearing a clo s e r resemblance t o organo-tin 
compounds than those of the ( i n o r g a n i c ) lead i o n . I t i s 
also absorbed r e a d i l y through the s k i n and handled q u i t e 
d i f f e r e n t l y i n the body. Cremer (1959) has shown t e t r a - e t h y l 
lead to be t o x i c o l o g i c a l l y i n e r t i n i n v i t r o biochemical 
systems, but i n v i v o becomesflde-alkylated ( i n the l i v e r of 
v e r t e b r a t e s ) to much more t o x i c t r i - e t h y l lead compounds. 
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These produce t h e i r main e f f e c t on the "brain. 
Symptoms of organo-lead poisoning t h a t have been described 

are given by Barnes and Magos (1968), they include ( i n man) 
i r r i t a b i l i t y , emotional i n s t a b i l i t y , insomnia, bad dreams and 
loss of a p p e t i t e , a l l of which may e a s i l y pass unnoticed. 
I n more severe cases there may be b i z a r r e psychic disturbances 
t h a t resemble a l c o h o l i c i n t o x i c a t i o n , schizophrenia or v i o l e n t 
paranoia. Restlessness, tremors and e x c i t a b i l i t y have also 
been produced i n experimental animals. 

I n view of the d i f f i c u l t y i n diagnosing organo-lead 
poisoning and of the i n s i d i o u s nature of the e f f e c t s , the use 
of organo-lead compounds as p e s t i c i d e s can only be deplored 
by a l l those concerned w i t h our h e a l t h and w i t h the e n v i r o n ­
ment. There are, however, i n d i c a t i o n s t h a t they may be used 
i n c r e a s i n g l y as such i n the f u t u r e . Willemsens (1964) w r i t e s : 
"The w e l l known, and perhaps over-emphasised, t o x i c i t y f o r 
humans cannot be an excuse f o r t h e i r apparent neglect, since 
several other human t o x i c substances have been eteecrHrtred i n 
the f i g h t against pests." ( I t should be noted thatWillemsens 
works f o r the I n t e r n a t i o n a l Lead Zinc Research Organisation, 
established t o i n v e s t i g a t e new uses and a p p l i c a t i o n s f o r 
lead and zinc i n a l l areas of technology). 
Lead i n s o i l and vegetation 

A l l s o i l s contain s i g n i f i c a n t amounts of lead. Their 
content v a r i e s according t o the l e v e l s of lead i n the parent 
m a t e r i a l and various p h y s i c a l f a c t o r s , such as the r a t e of 
weathering. Old Red Sandstone and Magnesian Limestone, f o r 
example, n a t u r a l l y produce s o i l s w i t h r e l a t i v e l y high lead 
contents. The normal range would appear t o be 10-200 ppm, 
but there i s u s u a l l y less than 50 ppm. Swaine (1955) has 
estimated the average f o r the earth's c r u s t at 16 ppm. 



11. 

Other workers t h a t have studied n a t u r a l lead levels i n the 
s o i l are Jones and Hatch (1945); Prince (1957); Wright (1955) 
and Vinogradov (1959). 

S o i l s w i t h u n n a t u r a l l y high l e v e l s of lead may he found 
f o r some distance around lead mines (Donovan, Peeley and 
Canavan, 1969) and near i n d u s t r i a l works using lead e.g. 
b a t t e r y smelters (Marten and Hammond, 1966). /There have also 
been a number of recent studies t h a t have e f f e c t i v e l y demon­
s t r a t e d s i g n i f i c a n t accumulations of lead i n s o i l s adjacent 
t o highways, e.g. Warren and Delavault (1960); Cannon and 
Bowles (1962); Kloke and Riebartsch (1964); Cholak et a l 
(1968); Ruhling and Ty l e r (1968); Motto et a l (1970); Page 
and Ganje (1970). That the source of the lead contamination 
i s t h a t added to p e t r o l has been confirmed by the i s o t o p i c 
studies of Chow (1970). There i s close agreement between the 
f i n d i n g s of the d i f f e r e n t s t u d i e s ; t h e i r conclusions may be 
summarised as f o l l o w s : -

1 . The amount of "excess lead" i n the s o i l i s a f u n c t i o n of 
t r a f f i c d e nsity and the time t h a t there has been f o r 
accumulation t o occur. 

2. The highest accumulations are t o be found w i t h i n a few 
fe e t of the edge of the road, there being very l i t t l e 
e f f e c t above 100 f t . away. Exact d i s t r i b u t i o n w i l l be 
a f f e c t e d by topography and the nature of the p r e v a i l i n g 
winds. 

3. The surface inches of s o i l are the most h i g h l y contamina­
t e d . There,levels of lead may be 200-250 ppm i n excess 
of those n a t u r a l l y present. P e n e t r a t i o n i n t o the s o i l 
i s poor; below 2 f t . no e l e v a t i o n of lead l e v e l s i n the 
s o i l have been recorded. 

Such r e s u l t s are i n d i c a t i v e of a r a p i d f a l l - o u t through 
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the a i r of the heavier, lead-containing, p a r t i c l e s emitted 
from v e h i c l e exhaust. On reaching the s o i l , h i g h l y i n s o l u b l e 
compounds are formed t h a t are not e a s i l y removed "by leaching. 

Concern t h a t crops grown adjacent t o well-used roads 
might be co n t a i n i n g l e v e l s of lead t h a t are dangerous t o human 
h e a l t h has i n i t i a t e d a number of studies on the accumulation 
of lead i n v e g e t a t i o n . For example, the work of Cannon and 
Bowles (1962); Ruhling and T y l e r (1968); Maclean et a l (1969); 

Kleinman (1968); Ter Maar (1970); and Lagerwerff (1971). 

Their r e s u l t s are complex and sometimes c o n t r a d i c t o r y ; 
i t would seem-that there are a number of complicating f a c t o r s 
t h a t make i t d i f f i c u l t t o draw g e n e r a l i s a t i o n s . There are 
two sources of contamination, through the a i r , t o the leaves, 
and through the s o i l , to the r o o t s . Some contamination may 
only be s u p e r f i c i a l - washing the ve g e t a t i o n before analysis 
may remove h a l f the lead from the a e r i a l p a r t s . D i f f e r e n t 
p l a n t groups accumulate heavy metals t o a f a r greater extent 
than others; f o r example, bryophytes (depending t o a f a r 
greater extent on p r e c i p i t a t i o n and dust sedimentation as a 
source of t h e i r mineral supply) accumulate 5 t o 1 0 times more 
than vascular p l a n t s on the same sampling s i t e . Even among 
crop p l a n t s s i g n i f i c a n t d i f f e r e n c e s occur between d i f f e r e n t 
species and between d i f f e r e n t p a r t s of the same p l a n t . 
Furthermore, M i t c h e l l and Reith (1966) have described a 
hundred f o l d increase i n lead content between June and October 
w i t h the same p l a n t m a t e r i a l , but without a concomitant change 
i n e i t h e r s o i l or a i r contamination. This f i n d i n g renders 
u n c e r t a i n a l l comparison of l e v e l s of lead i n v e g e t a t i o n from 
d i f f e r e n t areas sampled at d i f f e r e n t dates. 

The main conclusion t o be drawn i s t h a t most of the 
contamination occurs w i t h i n 75 f t . of the road, where crops 
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may c o n t a i n 5-500 ppm lead. Levels of lead i n the semi-natural 
v e g e t a t i o n of the roadside verge may exceed 1000 ppm. This 
compares t o the 0.4-2.0 ppm lead found i n p l a n t m a t e r i a l grow-

no 
mg on uncontammated s i t e s . There i s ^ l e g i s l a t i o n i n B r i t a i n 
t o c o n t r o l the amount of lead i n f o o d s t u f f s , hut 5 ppm i s the 
recommended l i m i t of the World Health Organisation. I t would 
seem i r r e s p o n s i b l e f o r Ter Haar (1970) t o conclude t h a t there 
i s no cause f o r concern: "Since l e a f y vegetables only form a 
f r a c t i o n of the average U.S. d i e t , t h e i r h i g h lead content i s 
i n s i g n i f i c a n t i n comparison w i t h the t o t a l lead ingested." 
The e f f e c t s on vegetarians are disregarded.. 

Further i n v e s t i g a t i o n i s needed t o determine the exact 
nature of the r e l a t i o n s h i p between lead i n the s o i l , i n the 
a i r and i n the p l a n t . There i s reason t o b e l i e v e t h a t p l a n t 
uptake may be more c l o s e l y r e l a t e d t o soluble than t o t o t a l 
l e a d ; p l a n t s grown on s o i l s of d i f f e r e n t lead concentrations 
take up very d i f f e r e n t amounts according t o whether the lead 
i s already i n the s o i l or has been added as a soluble s a l t 
(Ruhling and T y l e r , 1968). Brewer (1966) estimates t h a t only 

inthfc soil 

0.05-5 ppm of lead^may be so l u b l e , the amount being p o o r l y 
c o r r e l a t e d w i t h t o t a l lead c oncentration. Keaton (1937) 
found a very high degree of f i x a t i o n , i . e . conversion from 
soluble t o i n s o l u b l e forms: 3 days a f t e r adding approx. 3000 
ppm. lead, as lead n i t r a t e , only 17 ppm could be e x t r a c t e d 
i n an acetate/acetic a c i d s o l u t i o n . 

Nothing i s known of the f a t e of organic lead i n the 
atmosphere or what p r o p o r t i o n of i t there may be i n the s o i l . 
I f the f i g u r e s given f o r the proportions of organic t o 
inorganic lead i n car exhaust and i n the atmosphere are sub­
s t a n t i a l l y c o r r e c t , i t s d i s p e r s a l may be more widespread than 
t h a t of inorganic lead and the area contaminated correspondingly 
g r e a t e r . 
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AIMS OF STUDY 

Since awareness of the problem of lead p o l l u t i o n has 
developed only r e c e n t l y , i t i s i n e v i t a b l e t h a t there should 
be many aspects t h a t have yet t o be i n v e s t i g a t e d . While i t 
i s understandable t h a t the p r i n c i p a l i n t e r e s t should be the 
p o s s i b i l i t y of danger t o human l i f e , t h i s aspect would seem 
to have completely overshadowed study of the e f f e c t s , i f 
any, of lead p o l l u t i o n on a l l other species of animal l i f e . 
Although there i s other work now i n progress, there have 
been, apparently, no published studies by e c o l o g i s t s on 
e i t h e r the e f f e c t s of lead on a n a t u r a l fauna or whether 
there i s any accumulation of lead i n n a t u r a l food chains. 
There are few t o x i c o l o g i c a l studies of e i t h e r inorganic or 
organic lead except on man and a l i m i t e d number of experimen­
t a l animals. 

The present study was intended t o help f i l l some of these 
gaps i n our knowledge, w i t h i n the time a v a i l a b l e . The aim 
was t o study the s o i l and g r o u n d - l i v i n g i n v e r t e b r a t e fauna 
of roadside verges, l i v i n g i n c o n d i t i o n s where lead accumula­
t i o n i s expected t o be at i t s greatest, i n order t o see 
whether t h i s might be a f f e c t i n g the m o r t a l i t y and d i s t r i b u t i o n 
of the major groups. This could then be r e l a t e d t o the l e v e l s 
of lead i n s o i l , v e g e t a t i o n , i n v e r t e b r a t e and v e r t e b r a t e 
m a t e r i a l . 

The s o i l fauna of a disused lead mine was also t o be 
stud i e d , as w e l l as the changes i n s o i l fauna r e s u l t i n g from 
experimental treatment of a small area of semi-natural 
v e g e t a t i o n by soluble and i n s o l u b l e lead s a l t s . 
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STUDY SITES 

1 • Weardale Lead Mines 
The lead ores of the North Pennines have been worked f o r 

many hundreds of years, the p e r i o d of most i n t e n s i v e mining 
being i n the 1 8 t h century. Work l a r g e l y ceased at the t u r n 
of the century due t o the lowering of world p r i c e s by the 
large-scale i m p o r t a t i o n of f o r e i g n ores. Some of the mines 

((«ite,1967) 
have since been re-opened to supply the need f o r f l o o r s p a r . 

S p o i l heaps from disused lead mines were studied at 
Langdon Common (NY 81+9338) and at two s i t e s near the v i l l a g e 
of Westgate (NY 903393 and NY 902393) . A l l three s i t e s had 
long ceased t o have been worked. The spoil heaps had been 
colonis;ed by a poor ground v e g e t a t i o n , c h i e f l y A grostis and 
Festuca spp., and were being grazed by sheep. 
2. Roadside verges 

Sites v/ere sought t h a t would give a reasonably uniform 
environment, i . e . without any major h a b i t a t d i s c o n t i n u i t i e s , 
f o r 100-150 f t . from the edge of a w e l l used road. At t h a t 
distance i t was expected t h a t the lead content of the s o i l 
should be near i t s n a t u r a l l e v e l . Since only motorway verges 
are usually of t h i s scale, i t was necessary to sample from 
permanent pasture adjacent t o the verge at two or the three 
s i t e s . The three s i t e s were: 

( 1 ) South Road, Durham C i t y (NZ 273413) , west verge and 
a d j o i n i n g f i e l d 

( 2 ) A.1 , at the C a t t e r i c k By-Pfess. North Riding of Yorks, 
(NZ 220007) , west verge and a d j o i n i n g f i e l d s 

( 3 ) A .1(M) near Sherburn, Co. Durham (NZ 3014^3), west 
verge 



16. 

Permission t o work on the roadside verges of the C i t y 
and County of Durham was obtained from Mr. H. Stone, the C i t y 
Engineer, and from Mr. J. R. T u l l y , the County Engineer and 
Surveyor, r e s p e c t i v e l y ; and f o r those of the North Riding of 
Yorkshire from L t . C o l . G. A. Leech, County Surveyor, w i t h 
the a d d i t i o n a l s anction of the D i v i s i o n a l Road Engineer of 
the Department of Environment. 

The study on the motorway verge had t o he discontinued 
when i t was l e a r n t t h a t s p e c i a l dispensation f o r such work 
was r e q u i r e d t h a t the County Engineer was not, at t h a t time, 
prepared t o g r a n t . 

The verge at South Road i s approximately 25 f t . wide 
where the study was made. Fencing and a r e c e n t l y planted 

of 
hedge f chawthorn separates i t from a f i e l d t h a t extends towards 
the hack of S t . Llary'a College f o r a f u r t h e r 200 f t . The 
f i e l d was cut f o r hay on 16th J u l y , 1971, hut u n t i l then 
supported a mixed and v a r i e d f l o r a c l o s e l y resembling t h a t 
of the roadside verge; hogweed, Heracieum spondylium. was 
e s p e c i a l l y p l e n t i f u l . See Plates 1 and Z, 

Although t h i s s i t e was the most convenient of the t h r e e , 
e s p e c i a l l y f o r small mammal t r a p p i n g , i t was not i d e a l . The 
verge had "been re-seeded a f t e r road improvements some three 
years ago and the f i e l d showed signs of e a r l i e r disturbance. 
A series of i r r e g u l a r i t i e s i n i t s surface "became ohvious 
when the f i e l d was c u t . The dumping of c o l l i e r y v/aste was 
suspected from the former E l v e t C o l l i e r y ( l e s s than a quarter 
of a mile t o the n o r t h , on land now occupied "by the Science 
S i t e of the U n i v e r s i t y ) hut there i s no i n d i c a t i o n of t h i s on 
e a r l y 1 : 2500 scale Ordnance Survey sheets. 

The County Engineer and Surveyor gave the f o l l o w i n g 
f i g u r e s f o r t r a f f i c f l o w : 
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August, 1967 5,^00 v e h i c l e s per day 
August, 1971 est. 5 ,500 v e h i c l e s per day 

There was no record of a p p l i c a t i o n of h e r b i c i d e s . 
The C a t t e r i c k By-Pass of the A.1 was opened t o t r a f f i c i n 

1959 and i s a dual carriageway road w i t h hard shoulder. The 
verge slopes, w i t h a gradient of approx. 1 i n 1+, and i f l some 
75 f t . wide. Again a low hawthorn hedge {l± f t . ) and f e n c i n g 
separate i t from the f i e l d t h a t extends f o r a f u r t h e r 115 f t . 
See Plates 3 and 4 . 

I n l a t e s p r i n g the v e g e t a t i o n of the verge and f i e l d 
appeared t o be s i m i l a r i n species composition and development. 
As the season progressed i t became i n c r e a s i n g l y obvious t h a t 
the s o i l of the verge v/as poorer and more porous, the micro-
h a b i t a t d r i e r and the v e g e t a t i o n coarser. The d i f f e r e n c e i n 
the v e g e t a t i o n was not q u a n t i t a t i v e l y surveyed. S u p e r f i c i a l 
i n v e s t i g a t i o n i n d i c a t e d t h a t those species common t o both 
f i e l d and roadside verge ( i n mid-July) included Lolium perenne. 
Poa p r a t e n s i s . T r i f o l i u m repens. A c h i l l e a m i l l e f o l i u m . 
Heraoleum spondylium. Plantago lan c e o l a t a . Senecio qacobea 
and Rumex c r i s p u s . Those found i n the f i e l d , but not the 
verge, included D a c t y l i s glomerata. Trisetum flavescens. 
T r i f o l i u m medium. Ranunculus a c r i s , Lledicago l u p u l i n a . 
B e l l i s perennis. P r u n e l l a v u l g a r i s . V i c i a sepium and V.cracca', 
and those on the verge, but not the f i e l d , Festuca rubra. 
Cynozurus c r i s t a t a t u s . Taraxacum o f f i c i n a l e and Chrysanthemum 
eucanthemum. The f i e l d Y/as hot cut but was grazed by sheep 
from the end of J u l y . 

The County Surveyor estimated t h a t the t r a f f i c flow v/as 
c u r r e n t l y around 33 ,800 v e h i c l e s per day. No h e r b i c i d e s had 
been used i n the past few years. 

The A.1 Ilotorway i s of much more recent c o n s t r u c t i o n . 
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The s t r e t c h as f a r as Sherburn was opened i n A p r i l , 1969, and 
had l i n k e d up w i t h the o l d A.1 at Chester-le-Street by 
September of t h a t year. The verge at Sherburn i s some 200 f t . 
wide and has a slope estimated at 1 i n 6. The f l o r a consisted 
of short grasses, presumably of the M i n i s t r y of Transport seed 
mixture (H.M.S.O., 1957), w i t h few weed species. 

No data i s yet a v a i l a b l e f o r the amount of t r a f f i c using 
t h i s s t r e t c h of road, but i t i s l i k e l y t o be i n the order of 
25 ,000-35 ,000 v e h i c l e s per day. 
3. Experimental P l o t s 

These were established, w i t h the permission of the 
As s i s t a n t Surveyor t o the U n i v e r s i t y , on an area of disused 
allotments between South Road and St. Mary's College (NZ 2714415). 

They are w i t h i n 250 f t . of South Road. The ve g e t a t i o n 
predominantly consisted of coarse grasses, e s p e c i a l l y 
Arrhenatherum B l a t i u s . 

I n a d d i t i o n t o the s i t e s mentioned above, s o i l sampling 
and small mammal tr a p p i n g were also c a r r i e d out i n and 
adjacent t o the Zoological Department F i e l d S t a t i o n , H o l l i n s i d e 
Lane (NZ 2 7 ^ 0 6 ) . 



v l a t e 1 South .cioacl l o o k i n g South, showing f l o r a of verge 
&pl f i e l d 

Plate 2 South Road l o o k i n g North 





r i a f t c 3 s Ga^e^icls 3y=pass Laoltens souths, ohoumg verge 
end f i e l d D 

Plate k % Catfrenek By-pass l o o k i n g nopth 5 ohouing verge 0 
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METHODS 

1. Sampling techniques 
(a) I n v e r t e b r a t e s 

The i n v e r t e b r a t e fauna was sampled by e x t r a c t i o n from s o i l 
cores and t r a p p i n g w i t h p i t f a l l s . Neither method was who l l y 
s a t i s f a c t o r y ; Macfadyen (1962) w r i t e s : "Any sampling scheme 
represents a balance i n demands of accuracy and taxonomic 
range against resources i n time and equipment...... The 
simultaneous sampling of a l l groups i s q u i t e i m p r a c t i c a b l e . " 
E x t r a c t i o n of s o i l cores was made w i t h the core i n v e r t e d i n a 
Berlese-Tullgreen type funnel f o r 7 days. Since the method 
r e l i e s upon the animal's ovm m o b i l i t y , only mobile stages 
can be obtained i n t h i s way. Those animals l i v i n g i n the 
s o i l water, e.g. enchytraeid worms, r e q u i r e a more s p e c i a l i s e d 
e x t r a c t o r device. 

S o i l cores, 11.5 cm. i n diameter and t o a depth of 8-10 
cm., were taken from the s p o i l heaps of the lead mines, from 
the A.1(M) a t Sherburn, and from the experimental p l o t s . 
The voltage of the 60 w. lamps of the e x t r a c t o r funnels was 
increased from 120 v. t o 2/+0 v. by two increments of 60 v., 
and the animals v/ere expelled i n t o 7Q& a l c o h o l s o l u t i o n . 
I t was found t h a t t h e i r s o r t i n g was extremely time consuming 
and, furthermore, i n s u f f i c i e n t b u l k of m a t e r i a l was c o l l e c t e d 
to allow analyses of body lead content. When i t was 
established t h a t t o t a l numbers ( o f a l l species) of Collembola 
and Acarina were not g r e a t l y a f f e c t e d by the l e v e l s of lead 
i n the s o i l , the remainder of the t r a p p i n g was by the use of 
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p i t f a l l s . 
P i t f a l l t r a p p i n g c o l l e c t e d a greater q u a n t i t y of m a t e r i a l , 

p r i m a r i l y those animals moving over the surface of the ground. 
Since the size of the catch depends upon the behaviour and 
a c t i v i t y of the animals, i t does not give an accurate measure 
of p o p u l a t i o n s i z e . The a c t i v i t y of beetles has been shown 
to be a f u n c t i o n of several f a c t o r s , i n c l u d i n g temperature 
and breeding c o n d i t i o n ( B r i g g s , 1960) and presence of 
pe s t i c i d e s e.g. D.D.T. (Dempster, 1968). The method i s , 
however, widely used and can provide u s e f u l r e s u l t s i f i t s 
l i m i t a t i o n s are r e a l i s e d . I t i s most important t h a t the s i z e 
of the catch should only be compared w i t h another made at the 
same time and under approximately s i m i l a r c o n d i t i o n s . 

P i t f a l l traps were used t o sample the ground fauna of 
the three roadside verges and of the experimental p l o t s . On 
the roadside s i t e s , s e r i e s of j a r s were sunk i n l i n e s running 
p a r a l l e l t o the edge of the r̂ oa'd and at various distances 
away from i t . The j a r s had a mouth diameter of 5.5-5.8 cm. 
A small q u a n t i t y of 2% f o r m a l i n was used t o preserve the 
m a t e r i a l and t o prevent p r e d a t i o n . They were l e f t i n p o s i t i o n 
f o r 7-10 days before c o l l e c t i o n . 

A f t e r s o r t i n g , the animals e x t r a c t e d i from the s o i l cores 
and those caught i n the p i t f a l l s were kept i n 70% a l c o h o l 
u n t i l t h e i r analyses, 
(b) Vertebrates 

Small mammals were caught by the use of uhbaited Longworth 
t r a p s , v i s i t e d d a i l y . Those animals a l i v e were k i l l e d w i t h 
ether on c o t t o n wool. The l i v e r was removed and fr o z e n u n t i l 
analysed. The remainder of the body was also kept f r o z e n and 
the spleen and kidney were l a t e r removed. 
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2 . The Experimental P l o t s 
The area a v a i l a b l e was d i v i d e d i n t o 9 p l o t s , each of an 

area of 90 s q . f t . (approx. 10 sq . t n ) S o l u t i o n s of lead 
n i t r a t e , c o n t a i n i n g 5 g., 50 g., and 200 g. of lead, were 
app l i e d t o three of the p l o t s , and lead c h l o r i d e powder, 
co n t a i n i n g 100 g. of lead, t o another. Of the remainder, 
three were sampled as c o n t r o l s and two were l e f t unsampled. 
The layout of the p l o t s was as shown below: 

zoos Pb> 
mhAte soln-

SO3 P6>, 
r\\hrate Sain. 

' C O N T R O L y iO03 Pb, 

ponder 

V////, 
/ C O N T R O L 

V / / / / 
53 

rv\h«\te So\r\. 

1 

„ 1 

The n i t r a t e s o l u t i o n was ap p l i e d i n 9 l i t r e s of water 
w i t h a watering can. Pour p a r a l l e l crossings of the p l o t were 
made, walking backwards so as t o avoid t r e a d i n g on areas t h a t 
had j u s t p r e v i o u s l y been sprayed. The three c o n t r o l p l o t s 
received 9 1. of water i n a s i m i l a r manner. The 100 g. of 
lead, as lead c h l o r i d e powder, was thoroughly mixed w i t h 
several kg. of dry s o i l before a p p l i c a t i o n and the mixture 
s c a t t e r e d as a top dressing over the surface of the s o i l . 
Estimations were made of the extent t o which the l e v e l s of 
lead i n the surface s o i l might be r a i s e d , according t o the 
depth of p e n e t r a t i o n , v i z : 
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Amount ap p l i e d Increase i 
assuming e 

1 cm. 

n lead conte 
'qual mixing 

5 cm. 

nt of s o i l 
t o a depth 

1 0 cm. 

(PPm), 
of -

20 cm. 
5 g. 

50 g. 
100 g. 
200 g. 

50 
500 

1000 
2000 

10 
1 00 
200 
lj.00 

5 
50 

100 
200 

2 . 5 
25 
50 

100 

L i g h t r a i n (c,0.2 inches) f e l l two days a f t e r the p l o t s 
were sprayed. Pour days a f t e r spraying, s i x p i t f a l l s , 
arranged hexagonaily, were set i n each of the fo u r e x p e r i ­
mental p l o t s and the three c o n t r o l s . They were l e f t i n p o s i ­
t i o n f o r a f u r t h e r ten days. During t h i s p e r i o d two s o i l 
cores and two s o i l samples were taken o f f each p l o t . 

Whenever the p l o t s were v i s i t e d , i t v/as always i n the 
same sequence, passing from the c o n t r o l s t o the t r e a t e d p l o t s , 
hut not vice versa, t o avoid cross-contamination. 
3 . Analysis of lead 
(a) E x t r a c t i o n 

The lead content of the various materials was determined 
by Atomic Absorption Spectrophotometry. I n ofder t h a t they 
might be analysed they had f i r s t t o be i n an aqueous s o l u t i o n . 

For s o i l there are a v a r i e t y of methods used by d i f f e r e n t 
workers. No two are the same and some are e x t r a o r d i n a r i l y 
complex e.g. Pawluk ( 1 9 6 7 ) ; M i t c h e l l (1 96i+). Since a 
comparative value f o r s o i l lead content, r a t h e r than absolute 
accuracy, was re q u i r e d , the r e l a t i v e l y unsophisticated mixture 
of n i t r i c , h y d r o c h l o r i c and p e r c h l o r i c acids was used, as 
d e t a i l e d below. 

The s o i l samples were e i t h e r taken d i r e c t l y from the 
s i t e or else were sub-samples of s o i l - c o r e s a f t e r e x t r a c t i o n . 
I n e i t h e r case the sample (approx. 50-100 g.) was taken from 
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the top 2-5 cm., the surface v e g e t a t i o n having been removed 
and discarded. S o i l taken d i r e c t l y from the s i t e was oven 
d r i e d at 110°C. u n t i l of constant weight ( 2 - 3 days). This 
was not necessary f o r s o i l t h a t had been a week i n the Berlese 
funnels. 

M a t e r i a l from both sources was then l o o s e l y broken and a 
5 g. sub-sample, accurat e l y weighed, v/as taken from t h a t that 
passed through a 0.2 mm. sieve. To t h i s was added, i n a 
250 ml. c o n i c a l f l a s k , 5 mis. P e r c h l o r i c Acid (60%) 

10 mis. Hydrochloric A c i d (36%) 

and 20 mis. N i t r i c A c i d (70%) 

Analar Grades were used, Atomic Absorption Grades being 
unavailable. An e l e c t r i c a l l y r e g u l a t e d sandbath was used to -v 

heat the mixture, g e n t l y a t f i r s t , t o prevent excessive 
f r o t h i n g , and then more s t r o n g l y , t o d r i v e o f f the a c i d 
fumes. This was continued f o r 3 -4 hours when the b u l k of the 
s o i l had been digested and the l i q u i d was c l e a r . De-ionized 
water was added t o maintain the l e v e l of the l i q u i d . At the 
end of the d i g e s t i o n , the mixture was f i l t e r e d i n t o graduated 
c o n i c a l f l a s k and made up t o the mark w i t h de-ionized water. 
Samples from the lead mines were made up t o 250 ml. and a l l 
the others t o 100 ml. They were then t r a n s f e r r e d t o stoppered 
polythene b o t t l e s i n which they were s t o r e d u n t i l analysed. 

The few samples of v e g e t a t i o n t h a t v/ere taken were 
t r e a t e d s i m i l a r l y t o s o i l . 

Samples of i n v e r t e b r a t e s (whole bodies) and v e r t e b r a t e 
t i s s u e were t r a n s f e r r e d t o small pieces of aluminium f o i l and 
weighed before and a f t e r d r y i n g i n an oven at 11>0°C. The 
m a t e r i a l was then f u r t h e r t r a n s f e r r e d t o 50 ml. f l a s k s and 
the f o i l reweighed t o o b t a i n the wot and dry weights of the 
samples. Since much less than 5 g. of m a t e r i a l was a v a i l a b l e , 
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correspondingly less a c i d was used. The mixture of acids was 
used on the f i r s t set of samples ( i n v e r t e b r a t e s from South 
Road) hut only n i t r i c on subsequent occasions. This v/as on 
the separate advice of J e f f e r i e s , of Monkswood, and Cameron, 
of Swansea ( i n l i t . ) who are both independently engaged i n 
determining l e v e l s of heavy metals i n b i o l o g i c a l m a t e r i a l . 
I t was found t h a t 10 mis. of N i t r i c A c i d completely d i s s o l v e d 
0.5 g. of t i s s u e a f t e r less than h a l f an hour of gentle heat­
i n g . D i g e s t i o n was continued f o r several more hours t o 
reduce the a c i d i t y of the mixture, adding de-ionized water 
when necessary. The s o l u t i o n was then heated more s t r o n g l y , 
u n t i l only 0.5 ml. remained, and v/as then made up to 5-10 mis. 
( a c c u r a t e l y measured) w i t h de-ionized water before f i l t e r i n g 
i n t o the small sample tubes i n which i t was st o r e d . 

Using such a method J e f f e r i e s ( p e r s . comm.) report s 
losses of le s s than 5% w i t h samples of "spiked" l i v e r t i s s u e 
at 1, 5 and 1 0 ppm added lead. 

The s o l u t i o n was s t i l l h i g h l y a c i d ( p H ^ l ) and concern 
v/as expressed t h a t i t might cause c o r r o s i o n of the burner head. 
Further d i l u t i o n would have reduced the l e v e l s of lead t o 
values below which they could be measured f o r many of the 
samples. Instead an attempt was made at n e u t r a l i s i n g the 
s o l u t i o n f o r the f i r s t set of samples ( i n v e r t e b r a t e s from 
South Road) by the use of Potassium Hydroxide p e l l e t s . The 
same number were also added t o the a c i d blank c o n t r o l s . 
U n f o r t u n a t e l y the amount re q u i r e d exceeded the s o l u b i l i t y 
product of the potassium s a l t s formed and a loose, v/hite 
p r e c i p i t a t e r e s u l t e d . This v/as present when the volume of 
s o l u t i o n was made up to a known amount but was removed on 
subsequent f i l t r a t i o n . The method was consequently abandoned 
f o r a l l f u r t h e r samples since there was the r i s k of l o s i n g 
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some of the lead i n the p r e c i p i t a t e and hence i n t r o d u c i n g a 
source of e r r o r of an unknown magnitude. 

On a l l subsequent occasions the m a t e r i a l was d i s s o l v e d i n 
the minimum of aci d t h a t v/as r e q u i r e d (approx. 10 times i t s 
own weight) and the s o l u t i o n kept a t 90°C. on the sand hath 
f o r at l e a s t k hours. Whenever l e v e l s of lead were h i g h , 
the d i l u t i o n f a c t o r was correspondingly increased. The s o l u ­
t i o n s were only allowed t o r u n through the spectrophotometer 
f o r the minimum time necessary t o o b t a i n a steady reading. 
De-ionized water was then run through f o r several minutes 
before reading the next sample. 

Special a t t e n t i o n was p a i d th a t a l l glassware should be 
s p o t l e s s . Whenever b i o l o g i c a l m a t e r i a l was being analysed, a l l 
the apparatus used had been p r e v i o u s l y washed i n d i l u t e d 
N i t r i c Acid, r i n s e d i n de-ionized water and d r i e d . S o i l 
contamination of the i n v e r t e b r a t e s could not be w h o l l y avoided; 
two sources were recognised, v i z : 
1. That e x t e r n a l t o the animal; small s o i l p a r t i c l e s adhering 

t o the surface, e s p e c i a l l y i f t h i s was coverod by h a i r s . 
Host, however, could be removed by r a p i d a g i t a t i o n i n the 
70$ a l c o h o l s o l u t i o n . That remaining was not thought t o 
introduce a s i g n i f i c a n t e r r o r unless the surface area t o 
volume r a t i o was p a r t i c u l a r l y l a r g e i . e . the smallest 
animals, or those w i t h e x c e p t i o n a l l y long appendages e.g. 
Opi l i o n e s . 

2 . That i n t e r n a l t o the animal, i . e . w i t h i n the gut. The 
earthv/orms could be de-gutted but t h i s was not p r a c t i c a l 
f o r other groups. I t remains t o be i n v e s t i g a t e d how much 
s o i l i s a c c i d e n t a l l y ingested by s o i l l i v i n g c a r nivores, 
herbivores, l i t t e r - f e e d e r s , e t c . , and whether t h i s might 
s i g n i f i c a n t l y a f f e c t measurement of whole body heavy metal 
content. 
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( b ) Analysis 
Analyses were made on a Pye-Unicdm SP 90 Atomic Absorp­

t i o n Spectrophotometer. An a i r / a c e t y l e n e flame v/as U3ed v / i t h 
a s l i t w i d t h of 0.1 mm. and wavelength of 283*3J Hill The 
wavelength 217 Rtt i s the more r e a d i l y absorbed but i n t e r f e r ­
ence, e s p e c i a l l y by l i g h t s c a t t e r i n g , i s g r e a t e r . The Pye-
Unicam Handbook (1966) gives f u r t h e r d e t a i l s of the use of 
t h i s apparatus. 

A master*' stock s o l u t i o n , at 5,000 ppm lead, was prepared 
by d i s s o l v i n g 3.995 g. of lead n i t r a t e i n 200 ml. de-ionized 
water and making up t o 500 ml. Prom t h i s , by successive 
d i l u t i o n s , v/as prepared the standards used, at 1 , 2, 3, l±, 5, 
6, 8, 10, 12, 16, 20 and 2/+ ppm. lead. A new standard curve, 
at l e a s t f o r the range 1 -1 6 ppm, was prepared f o r each s e r i e s 
of analyses. A t y p i c a l standard curve i s shown (Pig.1 ) . 

A p a i r of a c i d blanks were included w i t h each series of 
samples i n order t h a t contamination the a c i d asscl during the 
e x t r a c t i o n procedure might be allowed f o r . When potassium 
hydroxide v/as used t o n e u t r a l i s e the samples, 1 ppra lead 
was found i n the blanks. Otherv/ise they contained less than 
0.3 ppm, near t o the l i m i t of d e t e c t i o n of the machine. 
N.B. The t h e o r e t i c a l s e n s i t i v i t y i s " t h a t c o n c e n t r a t i o n o f 
element i n aqueous s o l u t i o n t h a t gives a c t u a l absorbance of 
1$" ( i . e . meter reading on the 0 t o 100 scale reduced from 
100 t o 99). I t i s a f u n c t i o n of c o n d i t i o n s w i t h i n the flame 
i t s e l f and does not depend on e i t h e r the monochromator or 
the. l i g h t s e n s i t i v i t y of the d e t e c t o r . For the machine used 
the s e n s i t i v i t y i s given as 0.7 ppm ( f o r l e a d ) . This should 
be d i s t i n g u i s h e d from the l i m i t o f d e t e c t i o n - t h a t concen­
t r a t i o n t h a t gives a s i g n a l equal t o f u l l noise amplitude. 
I t was found t h a t l e v e l s o f lead i n s o l u t i o n t h a t wore less 
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than 0 . 2 - 0 . 3 ppm could not bo r e l i a b l y measured. I f the 

ma t e r i a l had "been d i l u t e d 1 0 - 2 0 times i n preparing the 

s o l u t i o n , t h i s i s equivalent to l e v e l s of l e a d i n the 

o r i g i n a l m a t e r i a l of around 5 ppm dry weight. 

Chemical i n t e r f e r e n c e e f f e c t s a r e s a i d to give very 

l i t t l e trouble v/hen working a t concentrations 2 0 - 2 0 0 times 

the l i m i t of d e t e c t i o n , "but become i n c r e a s i n g l y important 

when "working near the l i m i t . " "phe r e l i a b i l i t y of r e s u l t s 

of l e s s than 1 0 ppm dry weight i s consequently not very g r e a t . 
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RESULTS 

1. Weardale lead mines 

S i x s o i l cores were taken from the overgrown s p o i l heaps 

of Langdon Common and two from adjacent rough pa s t u r e . T h e i r 

fauna was e x t r a c t e d and the amount of le a d i n the s o i l analysed. 

The r e s u l t s v/ere i n c o n c l u s i v e ; tney showed \7ide v a r i a t i o n s i n 

the numbers of s o i l i n v e r t e b r a t e s apparently uncorrelated to 

the l e a d content of the s o i l . 

Consequently a f u r t h e r 18 cores were taken from the two 

s i t e s a t Westgate. The conditions at the two s i t e s v/ere con­

s i d e r e d s u f f i c i e n t l y s i m i l a r to allow the 18 samples to be 

re-arranged to present one continuous s e r i e s of i n c r e a s i n g 

l e a d content, from l e s s than 2 0 0 ppm to n e a r l y 2 , 0 0 0 ppm Pb 

( F i g . 2 ) . The r e s u l t s of the e x t r a c t i o n s are d i s p l a y e d i n 

Table 1 and g r a p h i c a l l y i n F i g s . 3 and 4. C o r r e l a t i o n s 

between the number of i n d i v i d u a l s of each group and the le a d 

content of the s o i l were examined using Kendall's rank 

c o r r e l a t i o n c o e f f i c i e n t , Tg. Only the mites (Ac&rina) showed 

a s i g n i f i c a n t c o r r e l a t i o n , ( 0 . 0 5 > P > 0 . 0 2 ) , but t h i s was 

for an i n c r e a s e i n numbers with i n c r e a s e i n l e a d . I t i s 

h i g h l y improbable that any b i o l o g i c a l s i g n i f i c a n c e can be 

attached to t h i s f i n d i n g . 

The concordance of the samples (agreement between the 

groups over what c o n s t i t u t e s a favourable or unfavourable 

h a b i t a t ) i s h i g h l y s i g n i f i c a n t , p < 0 . 0 0 1 . 

The l e v e l s of le a d i n pl a n t and animal m a t e r i a l were 

s e v e r a l orders of magnitude l e s s than those found i n the s o i l . 

file:///7ide
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Two samples of mixed (unwashed) above-ground vegetation 

gave l e v e l s of 22 and 2k ppm l e a d when analysed, and a s i n g l e 

sample of coleopteran m a t e r i a l 13 ppm (dry w t . ) . I n s u f f i c i e n t 

m a t e r i a l of other groups was c o l l e c t e d to permit a n a l y s e s . 
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ffpjr.fr c r 5 m of i n d i v i d u a l s e x t r a c t e d from each of 18 s o i l cores 
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F i g 3 ; S o i l I n v e r t e b r a t e s e x t r a c t e d from V/estgate 
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gift 4- : S o i l i n v e r t e b r a t e s e x t r a c t e d from V/estgate 
s o i l c o r e s 
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2. The A.1(M) a t Sherburn 

S o i l samples were analysed from s o i l cores taken at four 

s t a t i o n s , A-D, 15, 30, 60 and 115 f t . from the edge of the 

hard shoulder. A p r o g r e s s i v e d e c l i n e i n l e a d content of the 

s o i l was found. 

ppm. l e a d i n s o i l 

P o s i t i o n A B C D 

d i s t a n c e , from road, f t . 15 30 60 115 

s o i l l e a d ppm. 109.7 102.7 85.7 81+.3 

* standard e r r o r 6.5 3.2 2.3 3.5 

The "Students t - t e s t " was used to t e s t f o r the s i g n i f i ­

cance of these d i f f e r e n c e s . Although there was no s i g n i f i ­

cant d i f f e r e n c e between e i t h e r A and B or C and D, the 

d i f f e r e n c e s "between B and C (p = 0.01-0.02) and A and D 

(p = 0.02-0.05) were both s i g n i f i c a n t . 

S i x p i t f a l l s were s e t at each of the s t a t i o n s A, B and 

D. The r e s u l t s of the s o i l core e x t r a c t i o n s are presented 

i n Table 2 and of the a n a l y s i s of the p i t f a l l catches i n 

Table 3 . 

Since the t - t e s t i s v a l i d only f o r normal or near-normal 

d i s t r i b u t i o n s , i t would be i n a p p l i c a b l e to use i t to t e s t for 

the s i g n i f i c a n c e of d i f f e r e n c e s i n animal numbers from 

d i f f e r e n t samples. There are two reasons why a departure 

from normality might be expected. F i r s t l y , the d i s t r i b u t i o n 

of each s p e c i e s i n the s o i l i s more l i k e l y to be aggregated 

than random ( a s demonstrated by the work of Cole, 1 9U6, and 

Hair s t o n , 1959), and, secondly, when only low numbers a r e 

present i n the sample the d i s t r i b u t i o n i s n e c e s s a r i l y 

t r u ncated. The simp l e s t a l t e r n a t i v e , the chi-squared t e s t , 

may be used on the t o t a l s of the o r i g i n a l data but not on 
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any q u a n t i t i e s derived from them. 

I f the n u l l hypothesis i s that there i s no d i f f e r e n c e 

between the sampling s t a t i o n s across the IJotorway verge then 

there i s reason to r e j e c t the n u l l hypothesis for many of the 

animal groups. For some, t h i 3 i s an e f f e c t of la r g e 

numbers that the t a k i n g of more samples might even out. I n 

other c a s e s , e s p e c i a l l y the s u r f a c e l i v i n g groups and the 
v. 

vegetation feeders ( e . g . Thysanoptera, Hemiptera, Aphids, 

Lepidopterous l a r v a e ) , there i s evidence of a r e a l d e c l i n e i n 

numbers, not the nearer they a r e to the Motorway but the 

f u r t h e r they a r e away from i t . There i s no group f o r which 

the combined t o t a l s of s t a t i o n s A and B ( h i g h l e a d content) 

are s i g n i f i c a n t l y l e s s than those of C and D ( n a t u r a l l ead 

c o n t e n t ) . For the p i t f a l l s the data from s t a t i o n C a r e 

l a c k i n g ; n e v e r t h e l e s s i n no case are the combined t o t a l s for 

A and B s i g n i f i c a n t l y l e s s than twice those of D. The t o x i c 

e f f e c t s of l e a d , i f any, are l o s t under the i n f l u e n c e of 

other more important f a c t o r s determining the d i s t r i b u t i o n of 

the fauna of the verge. 

I t i s p o s s i b l e that d r i f t of chemical sprays used on an 

adjacent crop of c e r e a l , l e s s than 2 0 f t . from s t a t i o n D, aro 

r e s p o n s i b l e f o r t h i s e f f e c t . T h i s could not be proved or 

disproved without f u r t h e r sampling, which, without s p e c i a l 

permission, would c o n s i s t i t u t e a breach of Motorway r e g u l a ­

t i o n s . Consequently the i n v e s t i g a t i o n s at t h i s s i t e had to 

be prematurely discontinued. 
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Table 2: A.1(1,1) at She rb urn 

T o t a l no. i n d i v i d u a l s e x t r a c t e d from three s o i l cores 
at each of four s t a t i o n s 

A B C D A + B 
C + D 

A c a r i n a 152 11+6 208 137 0.86 E.tJ. 

Collembola 307 2 7 7 375 99 1 . 2 3 

Thysanoptera 354 2 9 5 270 1 01 1 .75 
S t a p h y l i n i d a e 12 2 2 3 2.80 

Other c*oleoptera 2 1 2 1 (1 .00) 

Coleopteranlarvae 11 41 12 7 2.74 

D i p t e r a n l a r v a e 2 5 9 5 0 . 5 0 U.S. 

ApJiids 202 120 2 7 4 11 .10 

Other Hemiptera 2 5 41 9 7 4.76 

Araneae 11 17 1 5 4 1 .47 

Chilopoda 3 3 1 - (6.00) 

Diplopoda 1 1 1 - (2.00) 

Oligochaetes 6 1 3 5 0.88 11.3. 

O p i l i o n e s 1 1 - 1 (2.00) 
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Table 3; A . l ( l l ) at Sherburn 

T o t a l no. i n d i v i d u a l s caught 
i n s i x p i t f a l l t r a p s at each of three s t a t i o n s 

A B D A + B 
"2D ' 

S t a p h y l i n i d a e 68 26 1 .91+ 

Carabidae 1+3 16 17 1 .71+ 

Other Coleoptera 2 6 6 0.67 N.S. 

Coleoptera l a r v a e 1 2 1 (1 .50) 

D i p t e r a l a r v a e 0 2 2 (0 .50) w.s. 

Lepidoptera 1. 15 9 0 ( i n f . ) 

Aphids 73 25 *+ 12.25 

Other Hemiptera 6 8 3 2 .67 

Lycosidae 12 1 2 1+ 3.00 

Other Araneae 1 31 81+ 1+9 2 .19 

Chilopoda 0 1 0 ( i n f . ) -

Diplopoda 11 5 9 0.89 N.S. 

Oligochaetes 1 3 2 (1 .00) 

O p i l i o n e s 2k 23 7 3.3U 

Small samples "bracketed. S i g n i f i c a n c e of decreased 

numbers at s t a t i o n s w i t h i n c r e a s e d l e a d t e s t e d ; 

N.S.\ = not s i g n i f i c a n t . 
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3* C a t t o r i c k By-Pasa 

S o i l l e a d was analysed from the c e n t r a l r e s e r v a t i o n and 

from s i x other p o s i t i o n s at v a r i o u s d i s t a n c e s along a 3 0 0 f t . 

t r a n s e c t from the edge of the road. Samples of mixed 

(mnwashed) above-ground veg e t a t i o n were c o l l e c t e d from f i v e 

p o s i t i o n s along the sampling t r a n s e c t . The r e s u l t s 

unequivocally show a d e c l i n e i n lead content with i n c r e a s i n g 

d i s t a n c e from the road, c l o s e l y resembling the p a t t e r n of 

that found by other workers. 

ppm lead i n s o i l and v e g e t a t i o n 
( s e e a l s o P i g s . 5 and 6) 

P o s i t i o n 
C e n t r a l 
r e s e r v a ­
t i o n 

Verge 
A B C 

F i e l d 
D E F 

d i s t a n c e from road, 
f t . 

s o i l l e a d , ppm. 
i s t . e r r o r 

v e g e t a t i o n lead,ppm 
i s t . e r r o r 

2 0 3 

7.0 

9 33 65 

111 .5 1 02 70.5 
6.5 8 . 0 1 .5 

135 . 0 3 2.5 
2 3 . 0 5.5 

85 165 300 

70.o 69-0 70.5 
2.0 1.6 0.5 

18.0 10.5 8-0 
3.0 1.5 1 .C 

Using the t - t e s t , s i g n i f i c a n t d i f f e r e n c e s are to be found 

between the l e v e l s of l e a d i n the s o i l of the c e n t r a l r e s e r v a ­

t i o n and s t a t i o n A (p = 0.001-0.01), and between those of 

s t a t i o n B and C (p = 0.02-0.05). There i s no evidence f o r 

any accumulation of l e a d i n the s o i l a t s t a t i o n C i . e . the 

l e v e l s are down to background a c r o s s the d i s t a n c e of the 

verge i t s e l f . 

P i t f a l l s were s e t at the f i v e s t a t i o n s designated A-E; 

the f i r s t three occupying p o s i t i o n s of near-verge, mid-verge 

and f a r - v e r g e , and the l a t t e r two a t 10 f t . and 90 f t . i n t o 

the f i e l d . I n i t i a l l y f i v e p i t f a l l s were s e t at each s t a t i o n , 

i n a l i n e each 6 f t . away from the next. IThen these were 

c o l l e c t e d they were r e p l a c e d by eight j a r s i n each row. 
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The data from the two occasions are combined and presented 

as t o t a l s f o r 13 j a r s (Table h and P i g s . 7 - 9 ) . 

I n examining the r e s u l t s i t i s important to bear i n mind 

th a t the e x i s t e n c e of a c o r r e l a t i o n between the l e v e l s of l e a d 

i n the s o i l and the numbers of a p a r t i c u l a r group does not 

prove that the two are c a u s a l l y r e l a t e d . The e f f e c t of other 

f a c t o r s has f i r s t to be examined and assessed, or, p r e f e r a b l y , 

t h e i r v a r i a t i o n e l i m i n a t e d i n an experimental s i t u a t i o n . 

The r e s u l t s i n d i c a t e that the change from verge to f i e l d 

r e p r e s e n t s a d i s c o n t i n u i t y of f a r g r e a t e r importance to n e a r l y 

a l l animal groups than the e f f e c t s , i f any, of i n c r e a s e d lead 

i n the s o i l . I n passing from verge to f i e l d there are abrupt 

i n c r e a s e s i n the catches of ground b e e t l e s (Carabidae) and 

most groups of s p i d e r s ( t h e LycoBidae and Thomisidae are 

e x c e p t i o n a l i n t h i s r e s p e c t ) , but e q u a l l y abrupt decreases 

i n the catches of ants (Pormicidae), woodlice (isopoda) and 

harvest-men ( O p i l i o n e s ) . To examine the e f f e c t s of l e a d more 

c r i t i c a l l y , one has to compare the t o t a l s caught at the 

three s t a t i o n s of the verge. Only the ants ( s p . Mypmica 

r u g i n o d i s ) show a c o n s i s t e n t decrease i n numbers when 

approaching the edge of the road. S t a t i s t i c a l l y the r e s u l t 

may be h i g h l y s i g n i f i c a n t , (p < 0.001), but t h i s i s not 

e s p e c i a l l y meaningful when dealing w i t h such h i g h l y aggrega­

ted, c o l o n i a l , i n s e c t s . 

t h e i r n ests i s governed p r i m a r i l y by such f a c t o r s as s o i l 

t e x t u r e , cover and microhabitat, and that i n these r e s p e c t s 

s t a t i o n C i s p r e f e r a b l e to B, and B to A. The slope of the 

verge would i t s e l f be s u f f i c i e n t to provide the necessary 

v a r i a t i o n i n conditions a c r o s s i t s width. There are almost 

no ants to be found i n the f i e l d . . 

pport There i s ' e v e r y reason to su that the s i t i n g of 
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.There are other groups that show a decrease from G to 

B, i . e . across the region of g r e a t e s t i n c r e a s e i n the 

concentrations of l e a d i n s o i l and vegetation. These include 

the ground b e e t l e s , bee&le l a r v a e , woodlice and m i l l i p e d e s 

(Diplopoda), but none of the d i f f e r e n c e s are s i g n i f i c a n t 

when compared with t h e j C - t e s t . Bhere are , however, s i g n i f ­

i c a n t i n c r e a s e s between B and A fo r the Hemiptera (p <- 0.001) 

and the m i l l i p e d e s (p= 0.01-0.02). 

Table 4 1 ; C a t t e r i c k 

T o t a l numbers of i n d i v i d u a l s caught i n 13 p i t f a l l s at each 
of 5 s t a t i o n s 

r 
A B •C • D E 

Staphylinidae 120 125 114 111 97 
Carabidae 48 46 55 163 147 
Other Coleoptera 60 79 45 74 51 
Coleoptera l a r v a e 31 26 39 60 41 
D i p t e r a l a r v a e 2 4 — - -
Lepidoptera l a r v a e 3 - 2 - 2 
Symphyta l a r v a e 3 4 1 11 23 
Formicidae 39 81 300+ 1 1 
Other Hymenoptera 3 5 5 3 5 
Hemiptera 64 27 11 32 18 
Lycosidae 53 42 29 14 8 
Thomisidae 13 17 11 8 2 
Other Araneae 47 45 42 205 159 
O p i l i o n e s 173 2o6 119 51 29 
Isopoda 165 155 188 9 3 
Piplopoda 58 34 39 13 27 
Chi 1 op o da 5 4 3 2 1 
Gastropoda 1 2 - 2 2 
orthoptera - 1 4 - -
Oligochaetae 2 1 1 2 3 
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7 : I n v e r t e b r a t e s caught i n P i t f a l l Traps 
( C a t t e r i c k ) 
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g i f t . 8 : I n v e r t e b r a t e s caught i n P i t f a l l Traps 
( C a t t e r i c k ) 
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S u f f i c i e n t i n v e r t e b r a t e m a t e r i a l was e o l l o c t e d f o r 
analysis of lead content of a number of groups. Coleoptera 
were analysed from each of the f i v e c o l l e c t i n g s t a t i o n s and 
m i l l i p e d e s and woodlice f o r the f o u r nearest t o the road. 
For other groups the m a t e r i a l from two c o l l e c t i n g s t a t i o n s 
was combined t o provide s u f f i c i e n t f o r a n a l y s i s i . e . 0.5-1 ,0g 
dry wt. An estimate of the standard e r r o r i s given f o r the 
Coleoptera whenever i t was p o s s i b l e t o prepare d u p l i c a t e 
samples f o r analysis from the same c o l l e c t i n g s t a t i o n . 
The r e s u l t s are summarised below and g r a p h i c a l l y i n Fig.10. 

ppm. lead i n i n v e r t e b r a t e whole bodies ( d r y wt.) 
A B C D E 

Beetles: Coleoptera 11 .5 11 .0 7.75 k.7 5.0 
+ St. e r r o r - 1 .0 0.75 0.2 -

M i l l i p e d e s : Diplopoda 82 79.5 68.6 U2 -
Woodlice: Isopoda 582 i 565 288 -
Harvest-men : Opiliones k5 - 12 
Spiders: Araneas 23 -• 11 

I n a l l the groups there i s a progressive d e c l i n e i n lead 
content r e f l e c t i n g the gradient i n the s o i l and v e g e t a t i o n . 
Levels of lead i n animals c o l l e c t e d from the verge are 2-3 
times greater than those i n animals from the f i e l d . Contami­
n a t i o n by s o i l could not account f o r a l l of t h i s d i f f e r e n c e ; 
the l e v e l s of lead i n the s o i l at s t a t i o n s A and B are only 
11+0-160$ greater than those of the f i e l d . There are 
remarkable d i f f e r e n c e s between d i f f e r e n t groups; the l e v e l s 
found i n the woodlice and m i l l i p e d e s being e x t r a o r d i n a r i l y 
h i g h . They would not seem t o be a f f e c t e d by t h e i r body 
burden of lead - both these animals are at t h e i r most 
p l e n t i f u l w i t h i n a few f e e t of the road. Almost a l l the 
woodlicc were of the species P h i l o s c i a muscocum. 
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* Calcium i n t e r f e r e n c e was suspected, sinee the flame was 
h i g h l y coloured by t h i s element. However, s o l u t i o n s of calcium 
of up t o 0.1 M f a i l e d t o produce any i n t e r f e r e n c e e f f e c t s 
g r e a t e r than the equivalent of 1 - 2 ppm lead when t e s t e d on 
the atomic absorption spectrophotometer. I t must be concluded 
t h a t the l e v e l s of l e a d i n these animals are genuinely of the 
order of magnitude observed. 
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k. South Road 
At t h i s s i t e the recent disturbance t o the verge, caused 

"by road improvements and re-seeding, have markedly a f f e c t e d 
the lead p r o f i l e of the s o i l . Unlike the other s i t e s s t u d i e d , 
s o i l samples taken a feu f e e t apart had wid e l y d i f f e r e n t 
l e v e l s of lead and the standard d e v i a t i o n and standard e r r o r , 
of the mean are correspondingly higher. I t was suspected t h a t 
even at distances greater than 100 f t . from the road the 
l e v e l s of lead were s t i l l u n n a t u r a l l y h i g h . S o i l s taken from 
the F i e l d S t a t i o n uere analysed f o r comparison. The maximum 
values f o r lead content of the s o i l were found 36 f t . away 
from the edge of the road, on the f a r side of the hedge and 
i n t o the f i e l d . 

ppm. lead i n s o i l : 
(See also Pig.11 ) 

P o s i t i o n 
Verge 

A B 
F i e l d 

C D 
F i e l d S t a t i o n 
H o l l i n s i d e Lane 

Distance from 
road, f t . 

s o i l lead, ppm 
s t . e r r o r 

10 22 

131 146 
10.0 36.6 

36 125 

166 119 

20.0 11.5 

mile from 
road 

87.5 

8.9 

The f o u r s o i l samples analysed from each s t a t i o n were 
not s u f f i c i e n t to show any s i g n i f i c a n t d i f f e r e n c e s between 
t h e i r means. There are, however, s i g n i f i c a n t d i f f e r e n c e s 
between the lead contents of the s o i l s from South Road 
and those from the F i e l d S t a t i o n , (e.g. p = 0.001-0.01, when 
s o i l from C and the F i e l d S t a t i o n are compared). 

. Uhen the r e s u l t s of the s o i l analyses were known, the 
f i r s t s e r i e s of p i t f a l l t raps had already "been s e t . I t was 
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decided nevertheless t o continue the c o l l e c t i o n of i n v e r t e ­
b r a t e fauna, since, i n the absence o f a w e l l defined lead 
p r o f i l e , i t might be possible to i d e n t i f y other f a c t o r s 
a f f e c t i n g d i s t r i b u t i o n . 

The lead content <toijt the v e g e t a t i o n was not analysed. 
Had i t been, i t might have been possible to say whether the 
p l a n t s were r e c e i v i n g their contamination p r i n c i p a l l y from the 
s o i l or the a i r . 

The r e s u l t s from two consecutive s e r i e s of 10 p i t f a l l s 
at each s t a t i o n are combined t o give a t o t a l f o r 20 traps 
(see Table 5 and F i g s . 12 and 13). The d i f f e r e n c e s between 
numbers caught i n the verge and i n the f i e l d are not so great 
as at G a t t e r i c k . Numbers of ants, woodlice and m i l l i p e d e s 
once again decrease i n passing from verge t o f i e l d , w i t h an 
increase i n the numbers of weevils ( C u r c u l i o n i d a e ) . S t a t i o n 
B i s p a r t i c u l a r l y i n t e r e s t i n g since i t shows a minimum i n 
numbers of many groups (e.g. O p i l i o n e s , Lycosids, S t a p h y l i n i d s 
and Carabids) but a maximum i n numbers of ants and woodlice. 
This s t a t i o n i s s i t u a t e d at the top of the bankside of the 
verge where the s o i l i s at i t s d r i e s t . 

I f lead i n the a i r - or any other produce emitted i n 
v e h i c l e exhaust - were a f f e c t i n g d i s t r i b u t i o n s , then a d e c l i n e 
i n numbers at those s t a t i o n s nearest t o the road might 
r e s u l t , regardless of the d i s t r i b u t i o n of lead i n the s o i l . 
Only the isopods show a s i g n i f i c a n t decrease between Sta t i o n s 
B and A, (p < 0.001 ), but t h i s i s much more l i k e l y t o be 
caused by a change i n q u a l i t y of the m i c r o h a b i t a t . 

I f , on the other hand, i t i s load i n the s o i l t h a t i s 
more important, then a minimum of numbers would be expected 
at G but a recovery by S t a t i o n D. Only the Opiliones increase 
across the f i e l d , but not by a s t a t i s t i c a l l y s i g n i f i c a n t amount. 
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Table 5; South Road, 
T o t a l numbers of i n d i v i d u a l s caught i n 20 

p i t f a l l s a t each of 4, S t a t i o n s 

A B C D 

Staphylinidae 133 74 144 111 
Carabidae 28 11 19 19 
E l a t e r i d a e 7 9 4 4 
Ourculionidae 235 237 321 323 
Other Coleoptera 25 14 20 9 
Coleoptera larvae 35 47 66 65 
Diptera l a r v a e 96 75 91 67 
Lepidoptera larvae 1 6 4 7 
Symphyta la r v a e 2 4 3 3 
Formicidae c .2,500 c .3,000 440 59 
Other Hymenoptera - 5 3 3 
Hemiptera 63 55 66 40 
Lycosidae 96 75 91 67 
Other Araineae 231 143 147 156 
Opiliones 121 96 102 136 
Isopoda 57 112 45 2 
Diplopoda 120 48 61 27 
Chilopoda 16 6 2 1 
Gastropoda 5 6 12 5 
Orthoptera 2 - 1 -
Dermaptera 1 4 - -
Oligochaetae 6 - 5 3 
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IiGjt_12 : I n v e r t e b r a t e s caught i n P i t f a l l s 
( South Road ) 
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P i g . 13 : I n v e r t e b r a t e s caught i n P i t f a l l s 
( South Road ) 
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FIGS 14- : I n v e r t e b r a t e s caught i n P i t f a l l s 
( South Road ) 
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The r e s u l t s of the analyses of i n v e r t e b r a t e m a t e r i a l are given 
below. M a t e r i a l from S t a t i o n s A and B were pooled t o provide 
s u f f i c i e n t f o r analysis of d u p l i c a t e samples and an e s t i m a t i o n 
of the standard e r r o r . 

ppm. lead i n i n v e r t e b r a t e whole bodies ( d r y wt. ) 
A -f B C D 

Beetles: Coleoptera 16.0 + 3.4 16 .5 21 .0 
Spiders: Araneae *7.5 + 1 .8 22.0 25.8 
Harvest-men: Opiliones 30 .5 40.0 30.0 
Woodlice: Isopoda 380.0 280.0 -
M i l l i p e d e s : Diplopoda 43.0 + 9.7 40 .5 47 .5 

Earthworms: Oligochaetes 18.1 - -
Ants: Pormicidae 14.5 + 3 .5 - -

Earthworms de-gutted before a n a l y s i s . 
Further sampling would be r e q u i r e d before i t could be 

known whether the maximum lead l e v e l s i n i n v e r t e b r a t e s were 
at the verge, j u s t i n t o the f i e l d or at the back of the 
f i e l d . The data suggests t h a t d i f f e r e n t groups behave 
d i f f e r e n t l y i n t h i s respect, but the standard e r r o r s , where 
estimated, are h i g h . The r e l a t i v e amounts of lead t o be 
found i n d i f f e r e n t groups agrees w e l l w i t h the work at 
C a t t e r i c k . The woodlice again c o n t a i n e x c e p t i o n a l l y high 
l e v e l s and the m i l l i p e d e s , o p i l i o n e s and spiders are i n the 
same order as b e f o r e . Woodlice were als o c o l l e c t e d ( o f 
mixed species) from s o i l and l i t t e r i n Great High V/ood. 
Thei r analysis showed them t o co n t a i n 145 (+ 7.5) ppm le a d ; 
an abnormally h i g h amount f o r b i o l o g i c a l m a t e r i a l i n the 
absence of gross contamination. 

Longworth traps were set at various p o s i t i o n s on the 
verge, at the back of the f i e l d (approx. 200 f t . from the 
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edge of the ro a d ) , and a t various s i t e s a t the F i e l d S t a t i o n 
and i n Great High Wood. The most commonly caught species 
were the "bank vole (Clethrlonomys glaicolua); the short t a i l e d 
vole (Microtus a g r e s t i s ) : the wood mouse (Apodemus s y l v a t i c u s ) . 
and the common shrew (Sorex araneus). Shrews caught i n the 
p i t f a l l s were also analysed. The r e s u l t s of the analyses 
are given "below, w i t h standard e r r o r s when d u p l i c a t e samples 
could he prepared. 

ppm. lead i n v e r t e b r a t e t i s s u e ( d r y wt.) 

South Road, 
verge 

South Road. 1 
F i e l d S t a t i o n South Road, 

verge hack o f 
f i e l d 

and Great 
High Wood 

LIVER: 
So rex 
Clethrionomys 
Llicrotus 
Apodemus 

14 ± 3.3 
13.5 ± 2.6 
10.5 
12 

11 
10 
5 
9.5 

7.5 
! 5 

9? 
KIDNEY: 
Sorex 
Clethrionomys 
M c r o t u s 
Apodemus 

27 
13 
9.5 

17.5 
5 
5 
6.5 

5 
9.0 
5.0 

SPLEEN: 
Sorex 
ClQthxrjLonjomys 
t l i c r o t u s 
Apodemus 

5 
8 

5 
5 

5 
8? 

The r e s u l t s are h i g h l y suggestive of higher l e v e l s of 
lead i n the t i s s u e s o f animals l i v i n g nearer the road. There 
would seem t o he more lead i n the kidney than the l i v e r , and 
l e a s t of a l l i n the spleen. More samples would make the p i c ­
tures c l e a r e r , hut c o n t i n u a l t r a p p i n g a t one s i t e would catch 
increasing numbers of 'immigrants' and less of the n a t i v e 
p o p u l a t i o n . The d i f f e r e n t d i e t s would not seem t o be g r e a t l y 
a f f e c t e d the amounts i n body t i s s u e s , although the i n s e c t i ­
vorous shrew would seem t o have s l i g h t l y higher l e v e l s of 
lead, at l e a s t i n the kidney. 
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5. The Experimental P l o t s 
The analyses of the s o i l samples showed t h a t the a p p l i c a ­

t i o n of leadccompounds had r a i s e d the l e v e l s of lead i n the 
s o i l by the order of magnitude estimated, assuming p e n e t r a t i o n 
and equal mixing t o a depth of 5-10 cm. There were q u i t e 
considerable d i f f e r e n c e s "between the p a i r of samples from each 
p l o t , "but t h i s was t o "be expected w i t h the method of a p p l i c a ­
t i o n used. The lead l e v e l s found i n the s o i l of the c o n t r o l 
p l o t s \?ere s u r p r i s i n g l y h i g h . I t i s not known what l e v e l s 
have been found p r e v i o u s l y f o r urban garden s o i l or what the 
sources of the contamination might have been. The t r a n s f e r 
of such amounts of lead from the experimental p l o t s t o the 
c o n t r o l s i s u n l i k e l y , considering the method of sampling and 
the precautions taken t o avoid such cross-contamination. 

ppm lead i n s o i l 
Controls Pb (N0 , ) 2 PbCl 2 

P l o t Wo. 1-3 k 5 6 7 
lead a p p l i e d - 5 g. 50 g. 200 g. 1 00 g. 
s o i l lead, ppm 177 192 293 399 292 
+ s t . e r r o r 9.7 1 8.0 12.0 23.0 28.0 
increase i n s o i l 

lead - 15 12*6 222 115 

s i g n i f i c a n c e of d i f f e r e n c e between c o n t r o l s and k: N.S. 
" » " " " " 5: P = 0.001 

0.01 
" " " " " " 6: p = 0.001 

0.01 
it ii ii it it " 7: p = 0.01 -

0.02 

The r e s u l t s of the e x t r a c t i o n of s o i l cores and the s o r t i n g of 
the p i t f a l l catches are given i n Tables 6 and 7 r e s p e c t i v e l y . 



Table 6; Experimental P l o t s 
T o t a l s f o r 6 p i t f a l l s from eaoh of 7 p l o t s 

Controls P"b(N0, ) 2 
PbCl 2 

1 2 3 5 6 7 

Staphylinidae 27 28 19 18 16 13 13 
Car at) i da e 9 3 7 7 8 19 7 
Curculionidae 20 2k 33 42 20 11 46 
Other ©oleoptera 2 5 6 2 2 k 2 
Coleoptera larvae - 2 6 3 2 2 -
Diptera larvae - - 1 k - - 1 
Lepidoptera larvae - -- 1 - - 1 1 
Aphids 15 6 9 8 25 Ml 6 
Other Hemiptera 11 8 12 10 5 9 6 
Lycosidae 2 - - 1 1 - -
Other Araneae 9 6 16 12 10 16 11 
Opiliones 11 20 31 23 7 19 33 
Diplopoda 3 1 6 2 1 1 0 7 
Chilopoda 1 
Gastropoda 1 1 1 - 1 - -
Isopoda 9 11 25 15 8 19 26 
Oligochaetes 1 — — 1 — — — 



• 1 2 3 4 5 6 7 

Acarina 230 150 178 149 132 188 168 
Collembola 136 74 168 96 62 95 123 
Thysanbptera 30 14 16 15 22 19 17 
Dip£«tra 2 1 1 1 2 3 -
Staphylinidae - 5 1 5 3 2 3 
Coleopteranlarvae 6 • 1 3 8 2 3 4 
Qlpterajn larvae 4 - 1+ - 1 - . 3 
Hemlptera 11 7 k 7 6 3 4 
Araneae 16 7 1 5 7 3 5 
Diplopoda - - k 1 - 4 -
Chilopoda 5 3 6 2 3 2 6 
Isopoda 4 7 9 7 3 5 2 
Oligochaeta 2 2 6 3 4 1 -

There i s no evidence from the r e s u l t s t h a t during the 
time "between a p p l i c a t i o n of the lead and t a k i n g the samples 
there occurred any s i g n i f i c a n t change i n e i t h e r the s o i l or 
ground l i v i n g fauna. Host of the values of the t o t a l s of 
p l o t s 4-7 f a l l w i t h i n the range of values of the c o n t r o l s and 
none are s i g n i f i c a n t l y d i f f e r e n t from them. The numbers of 
some groups would appear t o decline across p l o t s 4-6 but the 
numbers of others r i s e or are i n d i f f e r e n t . The t a k i n g of 
f u r t h e r samples would be desirable but was not possible i n the 
time a v a i l a b l e . 
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DISCUSSION 

No evidence has "been found t h a t a r t i f i c i a l l y h i g h l e v e l s 
o f lead i n the s o i l have any e f f e c t on the i n v e r t e b r a t e 
fauna of the Weardale lead mines, of e i t h e r of the three 
roadside verges, or of the Experimental P l o t s . 

At Weardale the lead content of the s o i l , which may "be 
many thousands of ppm (up t o 2% by w e i g h t ) , might be d e t e r ­
mined by r e l a t i v e l y few p a r t i c l e s of lead ore. Consequently 
there might be a poor c o r r e l a t i o n between the amounts of i n ­
soluble and soluble l e a d . I t remains t o be i n v e s t i g a t e d 
whether the t o x i c e f f e c t s of s o l u b l e lead, or other aspects 
of s o i l q u a l i t y (e.g. amount of organic matter; s u i t a b i l i t y 
f o r p l a n t growth), are the p r i n c i p a l cause f o r the observed 
v a r i a t i o n s i n the numbers of s o i l i n v e r t e b r a t e s . 

The l e v e l s of lead i n above-ground v e g e t a t i o n and the 
s i n g l e sample of coleppteran m a t e r i a l analysed were not 
e s p e c i a l l y h i g h . The vegetation was not washed before 
a n a l y s i s i n order t o give a more accurate estimate of the 
amount of lead i n the food of herbivoas. The amounts of 
lead i n beetles are much the same when they are l i v i n g i n 
s o i l c o n t a i n i n g several thousands ppm lead, as at Weardale, 
or around a hundred, as at C a t t e r i c k or South Road. S o i l 
contamination of the sample would not seem t o be. an 
important f a c t o r i n determining the r e s u l t s of these analyses. 

Sheep being grazed a t Ueardale were a t l i b e r t y t o wandor 
over the s p o i l heaps, although there are several reported 
cases of poisoning of domestic animals a t s i m i l a r s i t o s , 
e.g. Donovan et a l (1969) . The r i s k would seem greater i f 
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the mine i s "being worked when f a l l o u t of dust could add con­
s i d e r a b l y t o the lead content of the v e g e t a t i o n . Even i f 
the sheep a t Weardale are not themselves being poisoned, 
t h e i r carcasses might w e l l represent a hazard t o human h e a l t h . 
The d e s i r a b i l i t y of grazing such h a b i t a t s deserves thorough 
i n v e s t i g a t i o n . 

The r e s u l t s of the studies on roadside verges are com­
p l i c a t e d by a wide v a r i e t y of other f a c t o r s . Whereas the 
lead found i n the spoill-haap from a mine i s e n t i r e l y i n the 
form of inorganic compounds, theue-is the p o s s i b i l i t y t h a t 
small q u a n t i t i e s of organic lead might also be present by 
the roadside, other p o l l u t a n t s might also be present. 

At the Motorway, s i g n i f i c a n t accumulations of lead had 
occurred w i t h i n the two years t h a t i t had been opened. 
However, these were not e s p e c i a l l y h i g h i n comparison t o the 
n a t u r a l lead l e v e l s of the s o i l . There was no evidence t h a t 
the lead content of the s o i l was a f f e c t i n g the d i s t r i b u t i o n 
of any i n v e r t e b r a t e group, but the i n t e r p r e t a t i o n of the data 
was made more d i f f i c u l t by i n t e r f e r e n c e e f f e c t s , b e l i e v e d t o 
be caused by the d r i f t of p e s t i c i d e sprays. 

Disturbances t o the verge at South Road had g r e a t l y 
a f f e c t e d the amounts of lead t o be found i n the surface s o i l . 
Other sources of lead contamination were also suspected, 
since the l e v e l s of lead i n the s o i l 100 f t . from the road 
was considerably higher than those found a t the F i e l d S t a t i o n , 
H o l l i n s i d e Lane. I n the absence of a w e l l - d e f i n e d load 
p r o f i l e , there was no evidence t h a t gaseous c o n s t i t u e n t s of 
v e h i c l e exhaust, e.g. carbon monoxide, unburnt hydrocarbons 
or oxides of n i t r o g e n , were s i g n i f i c a n t l y a f f e c t i n g the 
fauna of the verge. The t r a f f i c f l o w a t t h i s s i t e was, 
however, considerably less than t h a t of e i t h e r the Llotorway 



or the A.1 a t C a t t e r i c k . 
The r e s u l t s obtained from C a t t e r i c k are considered t o he 

the most important. Over the distance of the verge, the lead 
content of the ve g e t a t i o n f e l l from 135 ppm t o less than 35 
ppra, and t h a t of the s o i l from 111 ppm t o 70 ppm. Yet the 
m a j o r i t y of the c o n s t i t u e n t s of the fauna of the verge 
remained i n d i f f e r e n t t o these changes. Differences i n micro-
h a b i t a t of the near-verge and far-verge were s u f f i c i e n t t o 
account f o r the changes i n d i s t r i b u t i o n t h a t were found. 
Other heavy metals besides lead have been found i n road-side 
s o i l s , although not i n such concentrations. Lagerwerff (1967) 
found cadmium, n i c k e l and zinc were also accumulating at such 
s i t e s ; cadmium, a product of the a t t r i t i o n of car t y r e s and 
the burning of motor o i l s , reaching l e v e l s of 0.56 ppm. 

The purpose of the experimental p l o t s was t o i s o l a t e the 
e f f e c t s of lead and t o determine whether some groups were 
more susceptible than others. During the p e r i o d of time f o r 
which they were st u d i e d no s i g n i f i c a n t changes i n the s o i l or 
ground l i v i n g fauna were found. The p l o t s were r e l a t i v e l y 
small and a r e - i n v a s i d n of the l a r g e r arthropods e.g. Carabids 
might have occurred between the time of spraying and sampling. 
I t i s , however, u n l i k e l y t h a t the smaller and slower moving 
of the i n v e r t e b r a t e s could have f u l l y recovered t h e i r numbers. 
One must suppose t h a t the appMcation of lead had yet t o have 
i t s e f f e c t or else the animals were r e l a t i v e l y i n s e n s i t i v e t o 
i t . 

I t i s not known why so many i n v e r t e b r a t e groups should 
seem t o be so i n s e n s i t i v e t o such a t o x i c poison. I t may be 
t h a t they have become adapted t o the wide range of l e v e l s of 
lead found i n n a t u r a l s o i l s ; a l t e r n a t i v e l y , the e f f e c t s of 
lead on i n v e r t o b r a t c s may not be so c r i t i c a l as they are t o 
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the more h i g h l y developed v e r t e b r a t e s . 
The analyses of lead i n ve g e t a t i o n , i n v e r t e b r a t e and 

vert e b r a t e t i s s u e d i d not support the view t h a t there might 
be progressive increases i n concentrations along a food chain. 
The greatest d i f f e r e n c e s between the l e v e l s of lead i n 
in v e r t e b r a t e s d i d not occur as a r e s u l t of d i f f e r e n t foeding 
h a b i t s , i . e . whether carnivore herbivore of d e t r i t u s feeder, 
but were associated w i t h d i f f e r e n c e s i n composition of the 
exoskeleton. 

The gr e a t e s t amounts of lead were found i n woodlice and 
m i l l i p e d e s , both w i t h c u t i c l e s strengthened by the d e p o s i t i o n 
of calcium s a l t s , p r i n c i p a l l y calcium carbonate, (50$) and 
calcium phosphate (5-10$) , (Richards, 1951). I n woodlice, 
the r a t i o of calcium t o lead i s c l o s e l y s i m i l a r t o t h a t found 
i n the p l a n t m a t e r i a l on which they feed. I t can be c a l c u l a ­
ted t h a t they concentrate calcium by some 20-25 times, i . e . 
from the 1$ or less of the l e a f l i t t e r on which they feed to 
the 20$ or so of t h e i r bodies. I f they concentrate lead 
s i m i l a r l y , and t h e i r food contains 30 ppra lead (as i t might 
w e l l do on the verge at C a t t e r i c k ) , then the l e v e l s of lead 
i n t h e i r bodies might w e l l reach 600-750 ppm (as they do on 
the verge at C a t t e r i c k ) . 

L l i l l i p e d e s feed on s i m i l a r m a t e r i a l but do not have such 
high l e v e l s as lead i n t h e i r bodies as rcoodlice; the 
biochemical mechanisms responsible f o r the formation of t h e i r 
exoskolotons must t h e r e f o r e be capable of some degree of 
d i s c r i m i n a t i o n between the two inorganic ion3. 

The p r i n c i p a l predators of woodlice on roadside verges 
are not known w i t h any c e r t a i n t y . Shrews almost c e r t a i n l y 
take isopods i n t h e i r d i e t ; i t i s possi b l e t h a t CIethriononyjs 
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and Apodomus might also o c c a s i o n a l l y . Paris and Sikolca (1957) 

used r a d i o a c t i v e t r a c e r methods t o show t h a t l y c o s i d spiders 
v/ould take A r m i d i l l i d i u m vulgare, at l e a s t when young and 
unable t o r o l l i n t o a h a l l . 

No previous mention of abnormally high l e v e l s of heavy 
metals i n e i t h e r the isopods or the m i l l i p e d e s has been found 
i n the l i t e r a t u r e . 

The analyses of ti s s u e s of small mammals gives values 
s i m i l a r t o those re p o r t e d by J e f f e r i e s ( i n l i t . ) . He re p o r t s 
f i n d i n g 13-16 ppm ( d r y wt.) i n the whole bodies of Apodemus, 
Clethrionomys and Microtus l i v i n g near the roadside, and 
about 3 ppm f o r those from farmland s i t e s . 

I t i s not known what l e v e l s of lead a small mammal might 
have t o contai n before symptoms of poisoning are apparent. 
Sub-lethal e f f e c t s might be present at almost any concentra­
t i o n , e.g. increased s u s c e p t i b i l i t y t o s t r e s s . I n the f i e l d 
the m o r t a l i t y r a t e would n a t u r a l l y be high and any unoccupied 
t e r r i t o r i / f i i e s would be taken over by wandering animals. 
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3UIMAHY 

1 . The amount of lead released i n t o the environment as a 
consequence of man's i n d u s t r i a l and t e c h n o l o g i c a l 
processes has r i s e n d r a m a t i c a l l y w i t h i n the l a s t 25 

y*ears. 

'd. T e t r a e t h y l lead, used i n p e t r o l as an anti-knock, i s the 
p r i n c i p a l source of lead i n the a i r and s o i l of urban 
environments. 

3. Lead i s h i g h l y t o x i c , e s p e c i a l l y i n i t s organic form. 
At the l e v e l s now present i t represents a s u b t l e but 
serious hazard t o human h e a l t h . 

i+. Studies made at the s p o i l heaps of lead mines and 
experimental treatment of a semi-natural h a b i t a t have 
shown the i n v e r t e b r a t e s o i l fauna to be apparently 
unaffected by hi g h l e v e l s of inorganic lead i n the 
s o i l . 

5. The presence of accumulations of lead i n s o i l and vege­
t a t i o n adjacent t o well-used roads was confirmed. Mo 
evidence was found t h a t such tont a m i n a t i o n might a f f e c t 
the d i s t r i b u t i o n of ground l i v i n g i n v e r t e b r a t e s . 

6. Levels of lead were measured i n a v a r i e t y of i n v e r t e b r a t e s 
and i n the l i v e r , kidney and spleen of f o u r species of 
small mamnals. The highest amounts were most f r e q u e n t l y 
found i n those animals l i v i n g nearest to the road, 
l.'oodlice and m i l l i p e d e s were found t o c o n t a i n oxcep-



53 

t i o n a l l y h i g h l e v e l s of lead, presumably associated w i t h 
calcium i n t h e i r exoskeletons. The evidence f o r p r o ­
gressive accumulation through a food chain i s 
i n c o n c l u s i v e . 
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A . a t Sherburn 

( i ) S o i l Core data 
( i i ) P i t f a l l Trapping data 



A. 1(H). at Sherburn 

Ci) s o i l core e x t r a c t i o n data : 1 
A & i 

1 l * i X J L . 1 X 3 
Acarina 38 ss $9 3$ 60 47 SI 69 57 
Oollembola IH5 67 95 1X5 95 67 69 ia.5 
Thysanoptera *? 60 120 5X IX B 9o 
Staphylinidae 5 A - - I 1 
other Coleoptera - - 1 x •* -
Coleoptera 1. 3 1 7 i t ai «• 3 7 Z 
D i p t e r a 1. - 1 l 2. z 1 5 x i z 
Aphids 56 M n Jx 39 X9 7 »o 
other Hemiptera 7 10 i i It XI to J 3 
Araneae 2. 9 I 9 3 & <4 
Chilopoda J 2 1 - 1 I -

! Diplopoda - \ 1 
Oligochaetes i \ - - 1 — 1 z 
Opiliones 1 ( - mm 1 — * 

• " * ! 

> k 
-

Wojs caught per P i t f a l l t r a p : 
<! 
7 ! 

z 
/ 

3 H 5 i z 
- C 

3 H 6 G 
Staphylinidae j 

<! 
7 ! )H IB 17 8 9 A z 7 II M 3 

-Carabidae 3 9 9 10 8 2. 3 M Z 1 M 
other Coleoptera - - Z - - X - i I I 1 

Coleoptera 1. 1 - - - — — z - — ~ 

» D i p t e r a 1. \ — — » 

Lepidoptera 1. 3 1 H 3 - 1 z - - 2. 

Aphids 18 x i 9 10 (, 5 3 » 

Other Hemiptera - 3 z » - - X i \ 1 1 

Lycosidae 1 z z 3 - - 1 6 1 — 

Other Araneae x\ 31 US 5 IS ZZ 

Chilopoda - - J - - -
Diplopoda - 2. 3 ') X z - 1 1 -
Oligochaetes - 1 \-

- - - - - 3 — — 

Opiliones s 3 6 I 7 - 1 -• 1 3 3 3 13 

( z 

- t 

I i 
I 

: ~ ! 
i !_ 

1 
p 

{ z 

56 
*»> 

! • 
1 

3 
» -
X -

1 - X 
; 1 I 

3 * 1 * * 

6 I 8 

- I ! 

I 

I 

- : i 

, — i i -

lb 2 

I 

9 
» i -

x 
\ 

I 

z 

z 
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C a t t e r i c k 

P i t f a l l Traps : Series 1 



/ 

C a t t e r i c k : Series & 1 

No I s caught per P i t f a l l Trap 

i 

i x 3 5 

Staphylinidae 9 X X 17 xo 

Carabidae X 5 1 I 

Other Coleoptera 3. - 1 1 
Coleoptera 1, — — — 1 — 

Diptera 1. — — 

Lepidoptera 1. - - 1 
Syraphyta 1. - - -
Formicidae X z 1 

Other Hymenoptera - -
Hemiptera It, 7 7 16 

Lycosidae 9 H 9 S 12. 

Thomisidae Z i 1 3 
Other Araneae S 1 3 6 M 

Opiliones 7 10 7 <o 

Isopoda • 7 5b 31 
Diplopoda io 1 & >! 
Chilopoda ) - - 1 1 
Gastropoda 
Orthoptera - - - - -
Oligochaetae , 1 i - - -

6 

2- | 

3 

7 

I 

H 

3 

x 

X. 

»7 
1 

- t 

- : I 

I 

"5 
(, 

* • I 

X I 7 

6 

Hi 

i 

6 

5 

\ 

» 3 
i 

1 Z 
t 

2- 5 

I 

2. 

Z 

>5 
z 

» z Z H 5 

5 7 to U 5 

z . a . 1 

z Z 1 3 3 

- -
3-

- -

3 

1 

3 » z 

3 1 _ -
z 15 H z 

z . - t 3 X 

1 > 3 9 1 

& 1 5 S -
\ 9 ^ 9 5(, 10 

I a . »i 5 

- -

1 Z 3 H 5 

9 IX. 7 8 9 

9 X (, 7 

- 5 1 X 
— 1 £ — 3 

— 1 — i 

1 ) 1 

M X x 

-

5 

3 1 1 X 1 

-M 2. \ -
3 5 10 15 

- S - 1 

( - - -
- 1 

I 

z . 

- • 

r -

E 

1 z % S 

II 13 \\ 9 
9 II i\ *\ XI 

6 - 1 1 -
1 

1 - 1 

i 

x _ 3 

\ 

- • - \ 

- - X. 

15 9 X 

- 1 - -
- - - Z 

Z. 

- -

I / — -
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Cattejplck 

P i t f a l l Traps : Series 2 



Oattericte : Series 2 

NoIs caught per P i t f a l l Trap 

1 2- 3 4 5 6 7 s J z 3 5 6 7 y 

Staphylinidae 3 iz 8 x 9 7 Ik 10 15 39 X Z I X 

Oarabidae <V 1 10 z I 3 z X 9 10 9 5 

Other Ooleoptera 13 9 3 X IS - 18 9 »9 «" ST 3 

Coleoptera 1. X €- 3 5 X 8 - 1 •a 8 z i 3 

D i p t e r a 1. - 1 - - I 1 i i - - - -
Lepidoptera 1. _ - - - - 1 _ - - - 1 - - - -
Symphyta 1. - - i - - 1 I - - - - - - -
Formicidae - Z - 15 X 8 IZ x o - - - 3 
Other Hymenoptera - 1 - X — - - t t - l - - 1 

Hemlptera 1 1 - X 3 z 5 X 3 - z X i z 

Lycosidae H 1 — ~ 
i 
! 1 - — 1 t - 3 X 7 — 

Thomisidae 
• 

_ 2 
_ 1 1 — 1 z i 

Other Araneae 3 (, H X S 1 C % i H I 8 1 3 z 

Opiliones m 9 17 I X 38 xo 51 z^ 1% 10 II • 5 

Isopoda - X 3 - H 8 - 5 3 3 8 10 3 1 3 
Diplopoda 7 >7 i » 

— ! Z — - *• X 3 - X 

Chilopoda _ I i I — - — ; 1 — _ 
— — — 3 

Gastropoda 1 
l - _ — -

Orthoptera j ~ - 1 — [ — — 

Oligochaetae 
1 

I 

i • 

I 

f-— - E 
1 2. 3 7 8 / Z i t H 5 7 ) 3 H 5 7 i f • —i i f 
- IX 8* x o s 15 •1 10 W 5 7 3 \ 8 S 10 

1 
** 7 s 5 

3 X » 10 3 ' • « 7 7 Z 3 6 3 * 3 f z 7 9 W 1 10 10 ;< 
1 to 3 5 b \ 

i Z O 7 3 II 3 4 1 5 8 3 3 10 

z X : )b 8 7 3 t 9 5 8 X 8 

-
— _ _ — - - - - - ' - -

1 — 3 - 3 - 1 1 3 3 X 1 5 
• 7 68 18 6 7 IX Hi 36 1 

- - - z - - - X 1 - - - - 2 1 - i « -
- - X — ~ 3 i X X 1 X - 3 . - - » 1 3 X 1 X 

- 1 - _ 
» I - 1 - \ 1 - X i - - 3 1 - - 1 1 

— - — _ - 1 Z - - ~ - - - - - - - - - - - - -
S - <i Z I X •5 n IX XI '3 10 17 IX 17 07 5 IX S 

H 'H /X 7 Z o 7 8 6 7 1 9 z S X S C I 1 5 -
- ? 7 - z X - X I 

- - X — 1 - 3 - 1 - Z 3 - - 6 3 1 2 X l 3 2 

- 1 • - - 1 — - — — - — — 1 — — - — — 1 — — — — 

- - - = - - • - - - — - - - - J - -
- - - - - 1 1 z - - - - - - - - - - - - - - -

1 
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South Road 

P i t f a l l Traps : Series 



South Road : Series 1 

Nols caught per p i t f a l l t r a p 

A I B c 
3 

1 
5 6 7 9 to 1 z 3 

~ ! 1 
G , 7 - S ; 1 X 3 G 7 9 - 1 z 3 5 7 8 9 10 

Staphylinidae 7 S 31 G 5 3 15 5 j I 1 
7 i i'\ 

1 
3 | Z to 

• • - * 

G z o S 7 8 
r - -

8 i 9 l o 7 l o X 5 X I Z 

Carabidae X 1 G - — - - 1 X , Z i ! 1 - 1 - - - 1 - - X - 3 4 - 1 3 1 
E l a t e r i d a e = - - - - - — - • - - - X - 5 ! X -! 

| - 1 - - - - - - - i 
j 2 . 1 i _ _ *_ — — 

Curculionidae 3 G - X X 7 1 7 9 l l t t i l t j 
1 

i X Z 7 35 7 Z 3 x z fG 9 Z 3 9 3 X 7 15 A 7 

Other Coleoptera - - 1 X 7 1 z 1 - 1 - - - l Z 1 1 , 3 
X - 1 1 l 1 - - X 1 — - 1 _ 1 — — 1 

Coleoptera 1. - - f 5 - Z 1 X 8 7 X X S x 3 z z y S G 3 7 9 8 9 - X 7 

Diptera 1. - - - - _ - - 2. - i - - - - - 1 - - - — - - - — _ 1 

Lepldoptera 1. - - - - - - - - i — 1 - - 1 1 - - - - 1 - < 1 1 — 2 1 

Symphyta 1. 
Porraicidae 8 IS z o IS I I /G 10 10 39 9 JG to I Z H 7 3( 7 •3 3 »3 z o G X 
Other Hyraenoptera - - » - 1 - - - 1 1 — • — — — 1 — — 

»3 
_ 

Heraiptera - X - - \ — 1 - -• - - ( - — 1 _ 1 — — - 1 1 1 _ 

Lycosidae G G 9 - 5 8 8 - / I 1 Z - 1 I© f l - 1 - 1 - - 1 3 — 
7 1 9 M — - - -

Other Araneae 10 3 17 17 H 7 I X * 9 9 13 7 5 7 ? G 3 3 X z 1 3 G G 8 I Z 5 X 5 5 1 

Opiliones H 3 3 IO 5 , 5 " G 7 X i i X z 8 2 - X •7 H 3 9 I S X 7 1 3 M 5\t X fe 7 G 7 - 5 1 

Isopoda 
9 H 5 X X 1 1 _ G H - H 8 13 Zl •< a-G 8 l - 17 1 3 X 1 X 3 Z 

Diplopoda 10 H 6. 10 M" 5 3 9 1 3 7 5 3 z 5 ** J ? z 3 1 3 - X 1 - \ 1 -
Chilopoda i ~ - 1 - - i - I - - - - - - - 1 — - - » 1 - - - - - - - l - - -
Gastropoda — — — 1 — — » — 1 — — - J 1 1 — — 1 - 2 \ 3 - 1 - 1 - — 1 X - - 1 1 

Orthoptera — 

Dermaptera , _ _ 
'• 

- _ _ _ 
Oligochaetae - - - - l 1 — - - — -1 - - - — I 

> 

f 



South Road 

P i t f a l l Traps : Series 



South Road ; Series 2 

No Ia caught per P i t f a l l Trap 

A 

H1 i 

Staphylinidae 
Carabidae 
E l a t e r i d a e 
Curculionidae 
Other Coleoptera 
Coleoptera 1. 
D i p t e r a 1. 
Lepidoptera 1. 
Symphyta 1. 
Formicidae 
Other Hymenoptera -
Heraiptera 
Lycosidae 
Other Araneae 
Opiliones 
Isopoda 
Diplopoda 
Chilopoda 
Gastropoda 
Orthoptera 
Dermaptera 
Oligochaetae 

I 

2. 

t 

S 

Z 

14 

I 

6 

5 i t> I 

9 12 

_ J I 

o >n 
In r» 
•4 r* 

9 
2 

x | i 3 

i t ! 10 

- I s 

I 

7 

x\ 
13 

I 

n 
x 

55" 

1 
i 

z . 

3fc 

I 

- i -

- » 

i 

l z | 5 

14 I 10 

| 9 to 

1 > 
1 

2 . 
! 

Z 

17 

1 

X I *3 

i _ ! _ 

o 

7 ; 4 

»i 1 3 

- ; t 

! z 

M » 

STlS 

6 

- - * - f- V - - - ! r 

3 : 3 ' z 15" : i< *• ' • 

'M 5 

I I -

I ' 2 

- I 
° 1 

1 ; 

I 

**; 

zi 

i 
- i - - -

i - - •$ • » 

- I 

- I -

I f . ° § £ 3 
O o o o o U t< 

6 2 H 1 % 3-

i 1 8 7 6 

to 

t 

H 

Z 

I 

x 

Z 6 H | I d 13 

3 7 1 3 4 Z . 

x I t - x -

I ; - ! - X I " 

- 1 I . - I - -

-H 3 
I 

- I 

3 

S 

3 M 

8 

! " i 
z - i 

17 33 

« 3 

)6 

5 
I I 

7 

3 

I 8 

to 10 

x z 
i 

*9 

I -

to 

9 

•3 

I 

I 

X 

I 

3 

lo i 9 z x 

M j •» 

' 7 ! 4 
i I t i 15 

4 L 

II 

I O 

3 3 

10 

H 

I 

I t 

11 2-6 

t 4 I * 

12 

J Z 
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Experimental P l o t s 

S o i l Core e x t r a c t i o n data 



Experimental P l o t s 

EbJs e x t r a c t e d per S o i l Core 

: 1 3 4 5 4 
I i J 1 I :L I L * . 

i t 
Acarina f 0 3 •Z7 6 5 95 *? 90 S 7 4 Z 73. C5 I z 3 

Collembola 57 79 3 6 3 8 90 7 8 S7 3 9 10 z x 5 6 *9 
Thysanoptera I x IZ z 10 11 13 9 9 10 

D i p l u r a z . - - 1 - I - Z - - 3 

Staphylinidae - 3 - 1 x 3 1 1 1 

Coleoptera 1. z 
_ 

1 i z 
_ 

z . - 3 

Diptera 1. - - - X z. - 1 - -
Hemiptera 6 5 z 5 - H X X X 

» 

Araneae 3 M 5 I z 3 3 H X V 

Diplopoda - - - - 3 \ - 1 - - -
Chilopoda 1 - 3 - <> 2 - 3 - - a 

Isopoda z z 3 A 7 6 X \ X 3 

Oligochaetae z - 1 z 3 - 1 3 \ 

7 
.A . 

J. 1 
Si 

H* 78 

9 % 

3 ' 

^ -
3 -

- ** 

3 z 

3 3 

I -



Experimental P l o t s 

P i t f a l l Traps 



\ 

Experimental P l o t s 

Nols caught per P i t f a l l Trap 

Canto I 1 

Staphylinidae 
Carabidae 
Curculionidae 
Other Coleoptera 
Coleoptera 1. 
Diptera 1. 
Lepidoptera 1. 
Aphids 
Other Hemiptera 
Lycosidae 
Other Araneae 
Opiliones 
Diplopoda 
Chilopoda 
Gastropoda 
Isopoda 
Oligochaetae 

x 
1 
- ; i 

x I 

? 'x 

I ; -

1 

" t I 3 I I 3 

- • - I I 

* 3 

i x 

_ j I 

3 I 3 

X -

3 

i i 

2 3 6 

z | I ; 3 . i h ! -

3 S ? 6 

5"9 Pb:Aj 

3 l 

II a. i 5" i 3 

>'5 3 io 

I 3 > » 

— I J -

I | 3 ' 3 2. I 

- ' " I t 
x i -

I 
x i x 

1 » 3. 3 

' 5 , - 2 

I 

_ > a 
m 3 16 

x 

i 

X 
1 

X \ I 

k 3 3 5 

1 , 9 |j> 7 * 2-

j - I - I 

I X X 

-4 -

z 

2 

3 

I 

3 3 

S * ! 7 
! 

i: - « 

- 3 I 

I i3 

3 * 9 3 2 

Pt>: S 

1 

M 

X 

I 
- I 

I 
- ; z 

I 3 

3 3 

4 5 
I 
I -

» ! 3 a 

X j X : -

2- 3 I 

x i 2 

M -4 

: - : 3 
f 

I I 
I 

! I 

- I I I 
! i 

5- -

IQOyPA 7 

I -
I 

I ! t 
1 

x I - H 
1 

|X : * i 

1 . 1 2 

3 

I 

J8 

4 
2 
II 

_ 5 

3 

2 

6 
» 
I 

6 

Z 
X 

x 3 -
ff I « ' 3 

' 1 
2 I 1 x 

_L_ L 


