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Lead is known to have had deleterious effects on human 
health for centuries; evidence has been presented that 
chronic lead poisoning affected the populations of 
ancient Rome and Egypt. Recently i t  has been 
postulated that the absorption of lead and cadmium in 
amounts too small to produce acute c l i n i ca l  symptoms 
might nevertheless induce abnormal tissue changes which 
could eventually lead to hypertension and other 
cardiovascular disease (Kopp et al. 1980; Schroeder 
1967). 

The genesis of human hypertension appears to involve the 
interplay of a var iety of causative factors including 
emotional, psychosomatic, nervous, endocrine and renal 
changes. The interplay of these factors is extremely 
complex and is a frequent source of interest  to research 
workers. The poss i b i l i t y  that metal l ic ions are 
involved in these complex in ter re la t ionsh ips through 
the i r  ubiquitous role as cofactors in important enzyme 
reactions is suggested by the f inding that some 
chelating agents may reduce raised blood pressure 
(Schroeder 1967). 

Lead is a known neurotoxin and the conduction of nerve 
impulses may become impaired in peripheral nerves of 
indust r ia l  workers exposed to lead for prolonged periods 
(Waldron 1980). Behavioural changes and hyperact iv i ty  
can occur in children and animals exposed to lead even 
when obvious signs or symptoms of acute poisoning are 
absent (Rose 1983; Waldron 1980; Silbergeld and Chisholm 
1976). The element affects catecholamine metabolism 
and the renin angiotensin system, and induces 
hypertension in animals at levels below those associated 
with i ts  acute toxic effects (Goldman et al. 1981; 

*Send repr int  requests to C.d. Lockett at the above 
address. 
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Bertel et al.  1978; Silbergeld and Chisholm 1976). An 
apparent association between hypertension and exposure 
to lead has been reported in man and animals by a 
number of workers (Victery et al. 1982; Barltrop 1979; 
Jhaveri et al. 1979; Sharret 1979; Beattie et al.  1976; 
Beevers et al. 1976). 

In view of these r e l a t i o n s h i p s ,  a survey of Black lead 
workers was set up in a f a c t o r y  near to the U n i v e r s i t y  
o f  Natal Medical  School.  

MATERIALS AND METHODS 

Blood pressure and blood lead l e v e l s  of  120 Black 
workers in a lead f a c t o r y  were moni tored fo r  a per iod of 
s i x  months. The blood pressure was measured in the 
supine p o s i t i o n  once a month, and the mean blood 
pressure c a l c u l a t e d .  

Fo r t y  of  these workers were chosen at random, and t h e i r  
serum f e r r i t i n ,  ca lc ium,  copper,  z inc  and lead l eve l s  
were measured. Samples were taken from normal Black 
and White c o n t r o l s  (38 in each group) .  

The f e r r i t i n  l eve ls  were analysed by radioimmunoassay 
(Amersham F e r r i t i n  RIA K i t  method). The ca lc ium,  
copper,  z inc and lead were measured by atomic abso rp t i on  
spec t ropho tomet ry .  Serum sodium and c r e a t i n i n e  were 
done by Auto Analyser  (Beckman Ast ra  method). 

S t a t i s t i c a l  a n a l y s i s  of  the r e s u l t s  was c a r r i e d  out 
using an unpaired S tuden t ' s  t - t e s t .  L inear  reg ress ion  
c o r r e l a t i o n s  were p l o t t e d  f o r  lead, f e r r i t i n  and mean 
BP. Inc idence of hyper tens ion  amongst f a c t o r y  workers 
was compared, using the Chi-squared t e s t .  The l i m i t  of  
s i g n i f i c a n c e  in a l l  t e s t s  was set  at P <0.05 on a 
t w o - t a i l e d  t e s t .  F e r r i t i n  r e s u l t s  were also compared 
by Wilcoxon a n a l y s i s .  

RESULTS AND DISCUSSION. 

The r e s u l t s  are shown in Table 1 and F igure I .  

F igure  1 shows t ha t  there  is  no c o r r e l a t i o n  between mean 
blood pressure and blood lead. Table 1 shows t h a t  
f e r r i t i n  l eve l s  were h igher  in Black con t ro l  workers 
than in White c o n t r o l s ,  P <0 .05 .  There was no 
s i g n i f i c a n t  c o r r e l a t i o n  between blood lead and f e r r i t i n  
l e v e l s .  There was a s i g n i f i c a n t  c o r r e l a t i o n  between 
f e r r i t i n  and mean blood pressure l eve l s  of  the Black 
lead workers ,  P < 0.05.  In the group of  Black lead 
workers w i th  high blood p ressu res ,  s i g n i f i c a n t l y  h igher  
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Figure I. Serum Lead vs. Mean B.P. 

f e r r i t i n  levels were  found, P <0,02. Zinc levels of 
Black lead workers were s ign i f i can t l y  higher than White 
controls, P <O.OOl. 

The poss i b i l i t y  that lead effects are influenced by iron 
metabolism and may therefore be related to the iron 
balance of the individual was examined. The African 
Black is known to have high iron levels, and our resul ts  
confirm th is .  Iron inh ib i t s  in tes t ina l  absorption of 
lead, and iron deficiency would be expected to enhance 
lead intoxicat ion (Jacobs and Worwood 1980; Munro and 
Linder 1978; Six and Goyer 1972). Our f indings suggest 
that an abundance of iron may have the opposite ef fect  
and i nh ib i t  the lead t ox i c i t y  leading to higher blood 
pressure. 

Essential ly a l l  enzymes in the haem biosynthetic pathway 
are inhibi ted by lead, probably through the binding of 
metal to SH groups. 
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Table I .  Serum l e v e l s  o f  B lack  Lead Workers and B lack  
C o n t r o l s  and Whi te  C o n t r o l s  (Mean + S tanda rd  
D e v i a t i o n ) .  

SERUM LEVELS 

FERRITIN ug/l 
CALCIUM mmol/l 
CREATININE umol/l 
SODIUM mmol/l 
POTASSIUM mmol/l 
CHLORIDE mmol/l 
B.P. DIASTOLIC 
B.P. SYSTOLIC 
BLOOD LEAD ug% 
UREA mmol/l 
COPPER ug/ml 
ZINC ug/ml 
MAGNESIUM ug/ml 
,m 

WEIGHT Kg 
AGE 

BLACK LEAD 
WORKERS 

196 171) 
2.41 0.095) 

86 14.7) 
142 5.5) 

4.7 0.44) 
I07 2.5) 
82 14) 

lib 15.4) 
61.6 ~ 16.2)* 
4.9 1.4) 
1.22 0.36) 
1.39 10.27)* 

21.0 2.7) 

BLACK WHITE 
CONTROLS CONTROLS 

i 

413 (455)* 162 (I19)* 
2.54 (0.12) 2.49 (0.17) 

96.2 (22.5) 108 (21.26) 
140.3 (I.8) 146.5 (2.24} 

4.1 (0.34) 4.15 (0.31)" 
108.8 (2.8) 108.3 (3.65) 
84.3 (9.6) 75 (9.4) 

121.9 (13.3) ll8 (10.9) 
19.8 (5.4)* 29.45 (12.19)* 
3.6 (I.7) 4.6 (0.63) 
1.21 (O.ll) 1.03 (O.ll) 
0.98 (0.16)* l.O (0.II)* 

19.9 (I.6) 20.4 (0.70) 

73.1 (13.3) 68.8 (12.2) 76.0 (6.4) 
38 (I0.6) 36.0 (9.2) 22.0 (2.0) 

* FERRITIN (WHITE CONTROLS/BLACK CONTROLS) : P <0.05 
(WILCOXON) 

* LEAD (WHITE CONTROLS/BLACK LEAD WORKERS) : P <O.OOl 
* ZINC (WHITE CONTROLS/BLACK LEAD WORKERS) : P <O.OOl 

(UNPAIRED T STATISTIC) 

Iron also i n h i b i t s  ery throcyte uptake of lead, and lead 
competes for  i n t r a c e l l u l a r  i ron-b ind ing s i t es ,  so that 
i t  may l i m i t  i n t r a c e l l u l a r  accumulation of i ron. 
Lead-induced anaemia and the associated reduction of 
serum iron concentrat ion may be prevented in rats  by the 
admin is t rat ion of copper, but copper def ic iency seems to 
promote the anaemia which resu l t s  from the lead 
admin is t ra t ion .  Copper  also st imulates ferrochelatase 
a c t i v i t y  and reverses the i n h i b i t i o n  of so lub i l i zed  
mitochondrial preparations of t h i s  enzyme produced by 
lead. The precise e f fec ts  of lead on the f i n a l  step of 
haem biosynthesis may not p r i n c i p a l l y  involve the enzyme 
ferrochelatase i t s e l f ,  but rather  cytochrome oxidase, 
e i ther  d i r e c t l y  or through e f fec ts  on copper, thus 
preventing reduction of iron to the ferrous form. 
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The serum zinc levels of the Black lead workers were 
s ign i f icant ly  higher than those of the White controls, P 
<O~OOl. This could be due to genetic factors, again 
possibly affording protection from the hypertensive 
effect of lead. 

Although our results did not show signi f icant 
differences between the magnesium levels of controls and 
Black l ead  workers, i t  has been shown that magnesium 
supplementation in rats decreases retention and 
increases excretion of l e a d  (Silbergeld and Chisholm 
1976). 

The issue of whether a l i fet ime of continuous exposure 
to these chemical pol lutants, either alone or in 
combination with factors such as nutr i t ion~ can 
accelerate degenerative cel lu lar  tissue changes, so 
leading to hypeEtension and cardiovascular disease, is 
s t i l l  controversial. 
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