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Abstract
Enzymes of trace elements are an important part of certain biological and chemical reactions. They work in harmony with pro-

teins and often with certain other co enzymes. They attract substrate molecules and enable their conversion to a specific end product. 
Some trace elements are involved in redox reactions. Modern day diet, comprising of refined foods is a cause of concern, as it may not 
have a sufficient amount of these trace elements. Dietary supplements may be required to combat this shortage. The present paper 
therefore discusses trace elements, and its effects in unraveling biological problems and challenges. Thus, a comprehensive under-
standing of these trace elements is essential and significant for disease control and for maintaining optimal health.
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Introduction
Nature has slow occurring biogeochemical cycles of trace ele-

ments and heavy metals and the cycles have significantly con-
trolled environmental fates of these elements. The trace elements 
and heavy metals cannot be degraded like organic pollutants and 
they may transform and become stable and persistent contami-
nants that accumulate in soil and sediments. With industrializa-
tion, great amounts of trace elements and heavy metals have been 
excavated and released on the surface of the earth and dissipated 
into the environments. Heavy metals are potent free radicals and 
disrupters of human health. Heavy metals include antimony, arse-
nic, bismuth, cadmium, cerium, chromium, cobalt, copper, gallium, 
gold, iron, lead, manganese, mercury, nickel, platinum, silver, tel-
lurium, thallium, tin, uranium, vanadium, and zinc. Trace elements 
occur in natural environments ubiquitously in small amounts and 
when present in sufficient bioavailable concentrations, they are 
toxic to living organisms [1]. They occur as ions compounds, com-
plexes and adsorbed/precipitated/co-precipitated on mineral sur-

faces. Human activities have drastically altered the biogeochemi-
cal cycles and equilibria of these trace metals in the ecosystems. 
Trace elements enter the ecosystems via direct discharges from 
industrialization processes, sewage sludge, atmospheric deposits 
and agricultural practices including application of pesticides or fer-
tilizers [2-4]. They can be transferred from sediments to benthic 
organisms and then become a potential risk to human consumers 
through the food chain [5]. We have a system of X-ray emission 
techniques, Energy Dispersive X-ray Fluorescence and Proton In-
duced X-ray Emission, in which we have detected trace elements 
(micronutrients as well as toxic elements) which can be useful as 
well as harmful to the human consumption. 

Application of EDXRF and PIXE in biosciences

The large number of applications of XRF in our laboratory has 
been carried out in Biosciences. They can be summarized as fol-
lows.
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Detection of trace elements in Indian spices

Concentrations of K,Ca,Mn,Fe,Cu,Zn,Rb and Sr were determined 
in Indian Spices namely pepper, clove, cardomon, cinnamon, and 
cumin using Cd 109 radioisotope source induced XRF. The levels of K 
and Ca were highest in clove and cinnamon. Rubidium and Stron-
tium were found in all spices except cinnamon. Chromium and tita-
nium were found only in pepper [6].

Determination of mercury and arsenic in Indian ayurvedic 
medicines using EDXRF

Elemental concentration in some herbal medical products, 
produced by different ayurvedic pharmacies in India, was deter-
mined using Energy Dispersive X-Ray Fluorescence Spectrometry 
(EDXRF). All the eight products, which were studied, contained 
mercury, and four out of the eight products contained arsenic in 
varied amounts. Daily mercury and arsenic intakes by the patients 
taking these products, determined from the doses prescribed by 
the manufacturers, exceeded the recommendations by WHO. The 
present work does not argue on the toxicity of heavy metals in 
drugs but gives information about the presence of heavy metals at 
levels more than the required recommendations by various health 
regulatory bodies. It is mandatory to look into the effects of these 
heavy metals being administered in the body functions before tak-
ing them over a long period of time [7].

Figure 1: A typical EDXRF spectrum of an Indian  
ayurvedic medicine Balguti Kesaria.

Drought tolerant and susceptible genotypes of sorghum plants

Drought tolerant and susceptible genotypes of sorghum plants 
were analyzed by EDXRF technique to study the correlation of 
trace elements with drought tolerance capacities for sorghum 
plants. Samples prepared from mature seeds, young seedlings and 
old plants were analyzed using 109Cd radioisotope source. The ele-
ments such as K, Fe, Cu, Zn, Rb and Sr and Y were seen to be pres-
ent in varying concentrations in different samples. The trace ele-
ment profile in the seeds of 11 genotypes and in seedlings (young 
and old) of four sorghum genotypes that were studied exhibited 
variation in their concentrations. Some seed genotypes showed the 
presence of Hg in small amounts. It was observed that in most of 
the genotypes (seeds), K and Fe concentrations were more in the 
tolerant genotype as compared to the susceptible type. Concentra-
tion of Fe decreased with maturity in the tolerant group while it in-
creased with maturity in the susceptible group. The genotype Arfa 
Gadamak (AG) showed a distinct abnormality in its young seedling 
with high level of Zn. In conclusion, the drought tolerant and sus-
ceptible genotypes of sorghum genotypes (cultivated in Sudan) ex-
hibited varying levels of trace elements. The drought tolerant geno-
types of sorghum seeds exhibited high K and Fe concentrations as 
compared to susceptible genotypes. In seedlings Fe concentration 
decreased with maturity in the tolerant group while it increased in 
the susceptible variety [8]. 

PIXE studies of blood Pb levels in children of the Dharavi slum 
areas in Mumbai 

PIXE was used to study lead levels in blood samples of children 
from Dharavi slum areas. Blood lead levels of children admitted to 
Sion Hospital, Bombay (India), from the adjoining Dharavi slum 
areas. Blood samples were collected from 36 children with sus-
pected lead poisoning (indicator was acute anemia) and from 20 
control children. The analysis showed that the lead concentration 
of the patients varied from 0.1 to 6.0 μg ml−1. In addition to lead, 
K, Ca, Fe, Cu, Zn, Se, Br and Rb were also detected simultaneously, 
of which the concentrations of Fe, Cu, Zn, Se, Rb and Pb were de-
termined. The high blood lead levels of the children from this area 
may be ascribed to environmental pollution due to heavy vehicular 
traffic and industrial sources. Pb was found to high even in normal 
children due to vehicular exhaust containing lead in petrol. Figure 
2 shows the PIXE spectrum of a Pb poisoned child [9].
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Figure 2: PIXE spectrum of blood of a lead poisoned child.

Figure 3

Uranium extraction from cynobacterial cells

Cyanobacterial cell organisms grown in Uranyl nitrate and Ura-
nyl Carbonate were determined for their Uranium uptake by 109 Cd 
induced EDXRF during different time intervals. It was found while 
elements such as K, Ca, Cr, Mn, Fe and Zn were present in small 
quantities was seen to be present in significant amounts after 2 
hours of uptake and it became saturated in 5 hours after which the 
uptake reduced and became minimum.

Tracelement variation in Renal failed patients

In a separate experiment of application of PIXE in bio-medical 
research, blood samples of Patients with Chronic renal failure were 
analyzed for trace element abnormalities and the results showed 
marked differences in patients before and after dialyses. PIXE be-
ing more sensitive in the low Z region due to its higher cross section 
is an ideal technique for bio-science applications. The knowledge 
that small amounts of metals which are needed in the diet goes 
back several hundred years to the discovery of a requirement for 
iron. It is well established that some elements such as I, Cu, Mn, Zn, 
Se and Mb in trace quantity are needed in physiology. Very recent-
ly, the six “newer trace elements”, tin, vanadium, fluorine, silicon, 
nickel, and arsenic, were discovered to have nutritional require-
ment. Recommended Dietary Allowances (RDA) and requirements 
have been set for iron, iodine, and zinc. For copper the issuance of 
an RDA can be established. Only tentative recommendations for the 
“newer” trace elements in the form of a range of values can be pres-
ently proposed. To establish these recommendations more firmly, 
knowledge of the content of each of these trace elements in the diet 
is necessary. A detailed study of trace element abnormalities in se-
rum of patients was carried out by PIXE in the case of non-dialyzed, 
hemodialysed and post-transplantation. Forty-two patients and 
eight healthy controls selected for this study were grouped on the 
basis of their Serum Creatinine (SC) levels. Serum samples of these 
subjects were excited by protons from the Van de Graff accelerator 
of 2.5 MeV energy and the Characteristic X-rays were detected by 
Si (Li) detector.

In the case of renal failed patients the exact mechanism of trace 
element disturbance is not known. Reduced renal excretion in-
creased oral intake and Globin Insulin (G.I.) absorption and con-
tamination as well as loss across the hemodialysis membranes 
have been incriminated Considerable variation in plasma and tis-
sue concentrations of trace elements have been found in different 
geolgraphical areas due to variation in water and soil content. Pa-
tients on dialysis therapy had elevated serum copper levels. Buta-
mante reported similar results and attributed liberation of copper 
from the dialysis membrane as a cause for hypercupremia. Success-
ful renal transplantation resorted serum copper to normal levels. 
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Elements I II III IV V
Ni .0167

± .0164

0.034

± 0.022

0.030

± 0.033

0.066

± 0.051

0.042

± 0.027
Cu .083

± 0.16

0.83

± 0.25

0.97

± 0.33

1.08

± 0.37

0.71

± 0.28
Zn 1.12

± 0.93

1.06

± 0.25

1.30

± 0.01

1.38

± 0.67

1.13

± 0.47
Se .035

± 0.017

0.032

± 0.029

0.035

± 0.011

0.033

± 0.018

0.030

± 0.012
Br 3.66

± .154

3.383

± 0.241

0.599

± 0.417

0.122

± 0.127

0.281

± 0.255
Rb .178

± 0.101

0.297

± 0.177

0.246

± 0.101

0.172

± 0.109

0.263

± 0.114
Sr .029

± 0.044

0.132

± 0.088

0.204

± 0.089

0.111

± 0.214

0.088

± 0.082
Pb .173

± 0.143

0.279

± 0.137

0.347

± 0.236

0.797

± 0.537

0.400

± 0.260

Table 1: values in mean (mg/ml ) ± S.D. of concentrations of trace elements in various groups.

A well established observation is that serum brooming levels are 
not different from normal in non dialyzed chronic renal failure pa-
tients, but those on dialysis show subnormal levels.. Transference 
of bromine from blood into the dialysate could be responsible for 
this deficiency. Transplantation resulted in rise of bromine towards 
normal. As a result of loss of renal function, Sr which depends on 
the kidney for elimination is probably retained accounting for the 
significantly elevated serum concentration of Sr in patients of CRF. 
Patients on hemodialysis and those who received a successful renal 
allograft had SR concentration within the normal range. Chronic 
Renal insufficiency did not result in accumulation of lead in our 
study similar to that observed by Thomson., et al. Contamination of 
the dialysate or dialysate delivery system possibly resulted in eleva-
tion of lead concentration while on dialysis. Following renal trans-
plantation the serum lead levels went down as compared to lead 
levels while on dialysis, but were still significantly elevated when 
compared to normal. Mobilization of lead which was sequestered 
in the tissues while the patient was on dialysis into the serum, to be 
excreted via the kidneys could explain the high lead levels. It could 
also be possible that the transplanted kidney has not yet attained a 

normal function with regard to lead excretion and with passage of 
time normal serum lead level would be achieved. Low and normal 
serum zinc levels have been reported in non dialysed patients, but 
in dialyzed patient elevated subnormal and almost normal concen-
tration have been described. An unrestricted dietary protein intake 
(45-50 g/day) and normo-proteinemia could explain the lack of 
hypozincemia studied by Mansouri., et al. in patients who were on 
a protein restricted diet (20-30 g/day) and had significant hypo-
proteinemia. Our study showed a slight, but non significant eleva-
tion of serum zinc in hemodialysed patients, probably as a result 
of contamination of the dialysate or dialysate delivery system with 
zinc [10].

Synchtrotron based EXAFS on Mercury based Indian her-
bomineral drug 

An Indian herbomineral drug was characterized for its trace 
elements by radioisotope induced EDXRF. The drug contains min-
erals like mercury, sulfur and arsenic disulfide, along with herbs 
such as dhaturra, bhrami, vacha etc. All the above ingredients were 
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Sample No Major analyte Trace
Sample 4 Hg Y
Sample 5 Hg and As Fe
Sample 6 Hg and As Fe
Sample 7 Hg and As Fe
Sample 8 Hg and As Fe and Ca
Sample 9 Hg and As Fe and Cu

Table 2

processed together in a step wise manner (6steps), Hence the mo-
tive was to expect some change in the drug molecule at every step 
of processing it. The 6 samples are the samples collected at every 
step of drug preparation. These 6 samples which are collected as 

intermediatary samples would be then evaluated for its role in var-
ious neuropsychological (psychosis, depression etc.) disorders in 
experimental animals such as rats/mice. Hence it was required to 
find the elements/trace elements composition, details of chemical 
components present in the drug samples,. It was seen that using 
EDXRF it was possible to determine As and Hg. The EXAFS results 
also showed the presence of As in their sulphide form.By XRF As, 
Hg, Fe, Ca were detected. S was not detected as S X-rays get ab-
sorbed in the detector window. However AsS and HgS was seen in 
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