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ABSTRACT 

The concentrations of Cd, Cr, Cu, Mn, Ni, Pb, and Zn were 
estimated in hair and nails of urban residents of New Delhi. Partic- 
ularly, hair levels of Cu and Mn in hypertensive males, Cr and Zn in 
hypertensive females, and Zn in CHD and diabetic females, and nail 
levels of Zn in CHD and hypertensive females were significantly 
lower than controls. Thus, it is observed that there exists some posi- 
tive correlation between element levels in hair and nails and CHD, 
hypertension, and diabetes of these subjects. 

Index Entries: Elements; hair; nail; coronary heart disease 
(CHD); hypertension; diabetes. 

INTRODUCTIOff 

There are two general  classes of abnormali t ies associated with trace 
elements:  specific deficiency arising from dietary inadequacies or imbal- 
ances and  accumulat ion of innate  or toxic e lements  from the environ- 
ment ,  which  can either displace essential e lements  from their metaboli- 
cally active sites and  cause condi t ioned deficiency or act directly as 
cellular toxins. Both k inds  of abnormali t ies can be d iagnosed  by analysis 
of trace e lements  in hair and  nails, and  the levels of e lements  can be 
correlated wi th  disease (1,2). 

*Author to whom all correspondence and reprint requests should be addressed. 

Biological Trace Element Research 8 9  VoL 34, 1992 



90 Sukumar and Subramanian 

In many studies, hair as one of the biological samples was analyzed 
for the levels of Cd, Cu, and Zn in hypertensives (3,4). Zn and Cu in 
survivors of myocardial infarction (5), Cd in hypertensives (6,7), and Cr 
in diabetic children (8). Further, it is reported that trace elements may 
have direct or indirect effects on one or more risk factors of CHD. These 
include effects on hypertension, circulatory lipid, lipoprotein levels, and 
diabetes. Klevay (9) and Masironi (10,11) reported that an imbalance of 
trace element metabolism may be involved in the etiology of CHD. In the 
present study, the samples of hair and nails were collected at the time of 
the epidemiological survey mainly from CHD, hypertensive, and diabet- 
ic residents of three selected urban areas of New Delhi, and analyzed for 
the levels of Cd, Cr, Cu, Mn, Ni, Pb, and Zn to find the relationship, if 
any, with these diseases. 

/V~TERIALS AND METHODS 

A random sampling of hair and nails was conducted in 1987 during a 
house-to-house survey of the residents of three urban areas of New 
Delhi: South Extension, Defence Colony, and Safdarjung Enclave, fol- 
lowing the methods of the WHO (12). Along with the samples of hair and 
nails, the data regarding the personal characteristics of the donors were 
obtained by filling out a questionnaire. It was very difficult to define the 
condition of the normal subjects. They might be free from a polluted 
environment and be without deficiency of essential elements. There was 
inadequate evidence, first, a random sampling of hair and nails was 
collected from the residents of these three places with subsequent analy- 
sis of homogeneity of sampling and, then, such population was sorted 
into different subgroups, viz., controls and cases of CHD, hypertension, 
and diabetes. 

Both the controls and subjects were from nonindustrial workers, 
such as officers of different positions, and had no possible element 
exposure from the known sources. Subjects with occupations in indus- 
tries were not included in this study. The controls and cases were 
clinically identified with the help of medical doctors from the Sitaram 
Bharatya Medical Research Institute, New Delhi. 

The samples of hair and nails were personally collected in separate 
polythene bags from the same subjects at their residences using clean 
stainless-steel scissors and nail clippers. Scalp hair was cut from the 
distal portion of the strand in the nape of males and females, since they 
were reluctant to cut their hair close to the scalp. Dyed hair and polished 
nails were not sampled. 

Before washing, the nails were scraped with a clean stainless-steel 
scalpel to remove the external filth, adopting the method of Vance et al. 
(13), and both the hair and nail samples were subjected similarly to 
methods reported for washing, digestion, and element estimation (14- 

Biological Trace Element Research VoL 34, 1992 



Trace Elements in Urban Residents 91 

16). The levels of Cd, Cr, Cu, Mn, Ni, Pb, and Zn were determined by an 
Instrumentation Laboratory AAS, Model 457. Considering the impor- 
tance of analytical quality assurance reported earlier (17), a Certified 
Reference Material (CRM), human hair powder (NIES, Japan) was em- 
ployed, and the observed values of elements of CRM were found to agree 
with the reported values for these elements. 

RESULTS 

In the present study, element levels in hair and nails of controls and 
subjects were separately analyzed for both sexes. Similarly, subjects were 
grouped into different subgroups with a possible combination of CHD, 
hypertension, and diabetes, and in such subgroups, concentrations of 
elements were shown. 

In Table 1, hair element concentrations were compared between the 
male controls and subjects. Particularly, the levels of Cu and Mn were 
significantly lower in the hypertensives and total hypertensives than 
controls, but Cd level was higher in CHD subjects when compared to 
that of hypertensives. 

In Table 2, hair element levels were compared between the female 
controls and subjects. Mainly, the levels of Cr and Zn in the hyperten- 
sives and total hypertensives and Zn in the females with CHD and 
hypertension, total CHD, and total diabetes were lower than controls. 

Similar to hair element levels, nail element levels were compared 
and found insignificant between male controls and subjects (Table 3). 
When nail element levels were compared between female controls and 
subjects (Table 4), however, Zn levels alone were found higher in the 
hypertensive, total hypertensive, and total CHD cases than controls. 

DISCUSSION 

Element levels observed in hair of Delhi controls were consistent 
with previous reports (5,18,19), and also differed from the reported 
values of Cd and Zn (3). Hair levels of Cd (7.9 -+ 1.9), Pb (53 +_ 12), and 
Zn (251 + 48), which were reported higher in hypertensives than nor- 
motensive adult black females (20), were higher when compared to the 
values of Delhi subjects. The Zn level (158 + 5), which was observed to 
be higher in 29 male survivors of myocardial infarction than 23 controls 
(133 _+ 34) from Warsaw (5), was lower, however, than the values of 
Delhi subjects. 

Several investigations reported hair element status that was specific 
and significant to particular cases. Hair levels of Cd in hypertensive adult 
black females and males and babies of hypertensive mothers were higher 
(5,7,20), whereas no difference was observed in the hair level of Cd 
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between hypertensives and normotensives (3). Cr levels in hair of severe 
Cr-deficient females and insulin-requiring diabetic children were lower 
than controls (8,21). The hair levels of Cu were not significantly different 
among controls, hypertensives, and male survivors of myocardial infarc- 
tion (3,5,18,20). A decrease in myocardial concentration of Mn in in- 
farcted subjects and increased Pb hair level in adult black hypertensives 
of Mississippi and survivors of myocardial infarction (5,7,22) were ob- 
served, whereas an insignificant level was found between hypertensives 
and normotensives (3). In our study, lower levels of elements, partic- 
ularly, hair Cu and Mn in male hypertensives, hair Cr and Zn in female 
hypertensives, nail Zn in female hypertensives, and hair and nail Zn in 
female CHD and diabetes, were observed, when compared with the 
controls. 

Many reports correlated the change in hair element status with 
human diseases. Schroeder and Nason (23,24) reported that deficiency of 
Zn and excess of Cd may cause arterial hypertension, and that deficiency 
of Zn and excess of Mn, Ni, and Cu may cause myocardial infarction. 
Tissue and hair Cd levels are associated with death resulting from heart 
disease and systolic blood pressure (25-28). Low Cu level is possibly 
associated with the development of atherosclerosis (29). Vivoli et al. (18) 
stressed that trace elements could be involved in the genesis of cardio- 
vascular disease. In conclusion, it is discerned from the present study 
and other reports (30-34) that the levels of essential or nonessential 
elements appear to change in most cases of health disorders and that 
such changes in hair concentrations of elements are an indicator that can 
be employed in monitoring human health status. 
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