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Abstract: Nails are considered suitable biological materials for diagnosing diseases and biomonitoring for human
exposure to metals by measuring trace elements levels. Human fingernail samples were collected from volunteers
from the Gezira region, Sudan, samples were measured and studied for their elemental content using the X-
ray fluorescence (XRF) method, and the data was analysed by PyMca software and SPSS statistical analysis.
The data analysis revealed very high concentrations of toxic elements such as Zn, Ni, Pb, Cd, Sr, As, and
Se. A comparison was made with published data from different populations. The goal of the current investigation
was to evaluate the levels and patterns of trace and toxic elements in the fingernails. Differences and variations

in concentrations for the samples were investigated and discussed.
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1. Introduction factors can result in a wide range of health disorders."”

Elements concentration in nail is capable of indicating

One of the most crucial and necessary conditions side effects due to long time exposure to certain type
for the body's normal functioning is the stability of its of elements.

chemical composition, as variations in the concen- Nail consists of layers of keratin tissue that grows
trations of chemical elements brought on by diseases from the matrix, a part of nail hidden beneath the
or environmental, occupational, climatic, and geographic cuticle and is produced by living skin cells. In various
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studies, nail’s elemental composition is affected by
gender, age, geographical location and lifestyle.* It is
undeniable that toxic metals are both an environ-
mental hazard and a workplace hazard. The majority
of the changes they could bring about in a human
body are irreversible and can lead to a number of
illnesses, including harm to DNA.>®* The majority of
extremely complex structured materials® call for
effective analytical methods that can provide details
on the components of the materials that are dispersed
spatially and enable structural analysis."*' Human
nails' elemental concentrations might offer a means
of determining a person's nutritional state. The iden-
tification of the elemental compositions of young
adults' nails may serve as an indication for evaluating
their nutritional status because the various elements
found in human nails have distinct metabolic
functions.'!?

The most often utilized biomarkers for researching
human metal exposure include blood, urine, hair, and
nails. Numerous research works have proven the
effectiveness of toenails as a favored biomarker.
Because toenails are non-invasive to collect and
offer a comprehensive, long-term record of exposure
(2 — 12 months), volunteers are more likely to consent
In addition, nails can be more easily identified than
bodily fluids or tissues because they frequently contain
larger quantities of metal.'* Toenails are less prone to
exogenous contamination like bleaching,'> The
elemental exposure evaluation may be impacted by
dyeing and other cosmetic exposures.'® The elemental
and chemical examination of a variety of materials,
such as glass, metals, and ceramics, can be done using
X-ray fluorescence (XRF).'*!'"!8 Many elemental
analysis methods, including ion chromatography (IC),
laser induced breakdown spectroscopy (LIBS),
inductively coupled plasma mass spectroscopy (ICP-
MS), and others, are frequently employed for the
study of materials, especially biological samples like
teeth, bones, nails, and stones.'>'>?

The proteins that make up human nails are rich in
keratin and contain a range of trace elements in
proportion to their intake.?"** Nails can reflect exposure
over a considerable amount of time because of their
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slow growth rate. When compared to other biological
samples, nail clippings are simple to gather and
preserve.'”” The goal of this work was to evaluate
the usability of XRF, for reliably measuring multiple
elements from human nails.

2. Experimental

Gathering nail samples from people may appear to
be a very easy operation, and there aren't any noticeable
temporal or spatial variances. Fingernails samples
were collected from volunteers from Gezira region,
centre of Sudan (Gezira Scheme®**), a group of 15
farmers aged between 70 to 18 years in rural areas in
Gezira scheme, and since they all frequently utilized
fertilizers and pesticides in their farming operations.

Samples were cut with a titanium-coated scissors
from the fingernails. The samples were cleaned with
copious amounts of water, to remove an inorganic
contaminants and then with acetone, to remove any
organic contaminants. The samples were then allowed
to air dry in a dust-free environment, and placed in
individual, spotless plastic containers to prevent any
further potential contamination. The nail clippings
were then cut in small fragments using titanium coated
scissors, to minimise the curvature of the clippings
and put in small vials. The fingernails were curved
both horizontally and vertically. This the incident
beam will not evenly be spread over the nail surface.
In addition, bending the nails would compromise the
matrix integrity. To avoid these, the nails were cut
with a titanium-coated scissors to yield cuttings of
3 mm. Each cutting the nail was analyzed and the
concentrations were aggregated.

The development of XRF spectrometry has made
it possible to identify elemental elements at tiny scales
by combining EDXRF devices with scanning electron
microscopy (SEM-EDS). Significantly, XRF is
employed with synchrotron radiation sources (SRXRF),
which bears a striking resemblance to p-XRF and
has a wide range of applications.'® All measurements
and analyses were performed at the multidisciplinary
laboratory (MLAB), at ICTP, Italy, A set of portable/
transportable X-ray analytical instruments, Amptek
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mini X-ray tube (Ag anode, maximum 40 kV, maximum
200 pA) (air cooled with fans) and Amptek Si-Drift
detector (energy resolution: 125 eV at 5.9 keV).2
Portable XRF spectrometers are commonly utilized
for the chemical characterization of materials. A
main beam filter is placed between the sample and
the X-ray tube, which serves as an X-ray absorber.
Combining kV with an absorption filter produces an
energy zone with the ideal Peak/Background ratio.
The tube's excitation is adjusted to produce a high
integrated intensity above the energy of the element
lines of interest's absorption edges on the high-energy
side of this region.””*® To increase the sensitivity of
elemental detection, the energy spectra that were
available from each clipping were combined prior to
analysis. The European Synchrotron Radiation Facility
produced the PyMca program, which was used to do

the spectral analysis.*"*

3. Results and Discussion

The impact of environmental pollution on human
health can be investigated through biomonitoring of
metabolically inert tissues, like nails, because sample
collection, transportation, storage, and analysis
preparation are all easily accomplished in this research.*
While geographic location, nutritional state, and
environmental factors all affect the concentration of
elements in nails, the results were compared with
some published values for a sample of healthy adults.?
The majority of the proteins in human nails are
keratin rich, and these proteins, through a variety of
processes including protein synthesis and chemical
interaction with sulthydryl groups, incorporate trace
elements in response to food intakes and other
exposures.

Depending on how much is taken in by the body,
this protein contains a range of trace elements. Finding
other biomarkers that indicate a longer duration of
exposure to toxins is desirable because measuring
the levels of toxins in blood or urine only represents
short-term exposure. Nails can absorb substances
over a comparatively longer period of time than can
blood or urine samples because of their extremely
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Fig. 1. Quantities of elemental concentration as a function
of the samples.

sluggish growth."

Fig. 1 is logarithmic scale shows the results of the
XRF analysis of the farmers collected samples and
as seen from the figure the results displayed that the
obtained value in this study revealed that the fingernail
light metals levels were found to be in order of
S > Cl > K > Ca, however the heavy metals are Pb >
Cd > Sr> As> Se. The high accumulation of Pb could
have resulted from the exposure to Pb-contaminated
food and drinking water as well it seen that Cd, Pb,
As and Se are higher than the readings of the other
this means that toxicity is potentially very high between
the farmers.

The concentration results of the present study of
the nails samples which was measured by XRF and
calculated by IBM SPSS version 26 software package,
is presented in 7able 1. In that table “ND” denotes
that the element X-ray fluorescence in the nail matrix is
not detectable. Of concern the high concentrations of
As in the fingernails, especially those of farmers N1
and N2. Such high concentrations are disturbing and
alludes to poor health conditions. It should be noted
that no inquiries were made as to the then health
status of any of the farmers, as these were regarded
as private. High concentrations of Se, Sr and Pb
were also found in the fingernails of farmer N2.
Thus, the farmer’s health status was then, of grave
concern. In addition, in the fingernails of farmers N3
the Se, Cd and Pb, the concentrations are very high,
and so the Pb concentrations of farmers N7, N8 and
NO. On first notice, these high concentrations would
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Table 1. Elemental concentration in nails samples measure by

19

X-Ray Fluorescence in (mg kg™)

Code S Cl K Ca Sc Ti \'% Cr Mn Fe Co Cu Ni Zn As Se Sr Cd Pb
N1 2718.55 4396.13 183.72 168.32 135 791 8.04 855 151 1659 196 9.16 886 4.18 4.18 1.230.83 N.D N.D
N2 8869.45 4236.59 37.25 845.64 55.47 860.75 N.D 340.56 90.5 403.77 4.02 36.06 4.1 24.372437 6.3 0.70 N.D 26.8
N3 2754.79 3772.16 83.90 13422 1.941509.60 26.32125.83 70.04 65.39 4.30 1230 1.6 9.57 6.5117.6 N.D 14.813.6
N4 2238 21299 2.03 1983 033 023 032 055 047 192 037 142175 0.65 0.66 0.071.6 0.1618.7
N5 10017.41 1717.68 191.85 2530.9 660.3 790.04 210.2 29.25 80.26 151.4 3.03 30.16 3.4 2634 N.D N.D N.D 3.86 5.46
N6 13814.03 1345 69.36 1501.72 10 59 50.05 16.83 170.65 230.87 13.12 47.74 6.1 3547 1.53 N.D N.D 3.64 536
N7 32803.51 3988.42 25.63 850.05 30.13 330.86 90.55 90 120.35 192.22 14.59 48.96 6.6 50.39 0.96 N.D N.D 3.56 7.98
N8  3831.88 2443.75 104.47 1439.6 190.47 560.54 50.43180.79 10.82 594.77 2.29 30.87 1.7 1627 243 N.D N.D 821 9.6
N9  1625.1 339.67 N.D 3089 0.82 2.06 ND 124 08 1073 043 2962.89 203 0.02N.D N.D 0.6110.5
N10 36330.77 N.D  328.07 1303.33 790.25 55.1 N.D 330.94 N.D 1120.92 5.58 47.29 5.7 30.66 0.4 N.D N.D 4.7572.6
Ni11 36.2 5452.62 269.93 2451.97 1.53 117.88 N.D 3749 5.68 466.76 458.85 47.65 5 36.35 291 N.ND N.D N.D N.D
N12 30103.56 N.D 98.25 786.73 2.63 54.63 N.D 79.24 1.89 17033 8.13 27.03 3.2 19.75 0.57 N.D N.D N.D N.D
N13 114571.1 4814.47 129.49 1424.77 107.3 4044 N.D 27.82 22.17 181.44 9.13 59.39 7.0 49.85 1.11 N.D N.D N.D N.D
N14 36491.1 9689.22 706.89 922.19 18.83 16.23 N.D 32.14 20.03 168.6 11.05 50.48 6.4 33.46 0.77 N.D N.D ND N.D
N15 2.1 10944.24 325.61 968.28 68.55 29.42 N.D 54.59 13.95 80.08 6.18 50.43 8.8 50.88 0.57 N.D N.D N.D N.D
N.D = Not Detected
Table 2. Statistics of the correlation matrix for the samples

S Cl K Ca Sc Ti v Cr Mn Fe Co Cu Ni Zn As Se Sr Cd Pb
S 1
Cl 0073 1
K 0138 0641" 1
Ca 0.167 0.070 0265 1
Sc  0.123 -0.280 0.202 0482 1
Ti -0.240 —0.031 -0.254 0.014 0.107 1
VvV -0.105 -0.195 -0.131 0.503 0.480 0.388 1
Cr —-0.005 —-0.124 —0.027 0.049 0.438 0.386 —0.132 1
Mn -0.021 -0.123 -0.289 0.202 —0.051 0.377 0.495 0.060 1
Fe 0.117 -0209 0208 0.427 0.644"-0.013 —0.083 0.757""-0.104 1
Co —-0.164 0.170 0.159 0.513 -0.148 —0.117 -0.138 —0.134 —0.160 0.199 1
Cu 0.552" 0451 0465 0.632" 0.197 -0.202 0.035 0.195 0274 0418 0233 1
Ni 0449 0.564" 0478 0495 0.111 -0.248 —-0.018 0.090 0274 0249 0.195 0.946™ 1
Zn 0518 0.502 0338 0.553" 0.118 —0.187 0.119 0.053 0.325 0215 0.194 0.945" 0.968™ 1
As -0.167 0.095 -0.225 —0.125 -0.173  0.501 -0.178 0.610" 0.269 0.100 —0.016 —0.044 —0.083 —0.113 1
Se —0.141 0.067 —0.232 —0.148 —0.119  0.549" —0.142 0.635" 0.296 0.086 —0.095 —0.047 —0.067 —0.098 0.982"" 1
Sr —0.160 0.009 —0.255 —0.181 —0.132 0.285 —0.184 0.542" 0.185 0.055 —0.105 -0.111 —0.128 —0.162 0.931" 0.925" 1
Cd -0.157 0.022 -0.131 -0.312 -0.138  0.755""-0.010 0.090 0.155 —0.176 —0.077 -0.305 -0.255 -0.264 0.151 0.200 -0.098 1
Pb —0.131 —0.163 —0.099 —0.313 0.191  0.669"°—0.122 0458 0.041 0229 —0.142 -0.269 —0.249 —0.299 0.227 0.293  0.042 0.866" 1

*. Correlation is significant at the 0.05 significance level
**_Correlation is significant at the 0.01 significance level.

have been of grave importance to the general health
of the farmers. However, the low concentrations and
the absence of these elements in the nail matrices of
the other farmers allays fears of a general health hazard.

Table 2 describes the relationships between the
variables under study, with the correlation coefficients
quantified and the significance of the correlations
reported at either the 0.05 or 0.01 level. A significance
level of 0.05 (indicated by a single asterisk *) denotes
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that the correlation is significant at the 0.05 level,
meaning there is less than a 5 % probability that the
observed correlation is due to chance. In contrast, a
significance level of 0.01 (indicated by a double
asterisk) indicates that the correlation is significant at
the 0.01 level, reflecting less than a 1 % probability
that the result is due to chance. Correlations marked
with (**) can be described as highly significant, as
they demonstrate stronger confidence in the observed
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Table 3. Comparison of elemental concentration values in the nail matrices to those previously found in other studies

This Study Vietnam Brazil US.A Russia Nigeria India Poland mg China mg Certified value
Elements  (mgkg!) (mgkg') (mgkg") (mgkg") (mgkg)  (mgkg") (mgkg™) kg kg'  (mgkg")
Mean [8] [2] [26] [27] [11] [28] [29] [29] [30]

S 1999.46 + 2.23 NA NA NA 10000 — 43500 5778 — 47460 NA NA NA 7850 + 60

Cl  3476.16 + 1.69 NA NA NA 675 — 22600 188 — 5330 NA NA NA

K 17043 + 7.65 NA 207 +£ 186 100 — 860 17 —3000 121 — 3602 NA NA NA 9940 + 20

Ca 1,02523+3.12 NA 784 +360 50 —2600 370 — 5900 420 — 5980 NA NA NA 116 + 4

Sc 129.33 + 8.79 0.011 0.0050 + 0.01 0.0013 — 0.040 NA NA NA NA

Ti 295.65 + 5.81 NA NA 0.16 — 0.39 0.16 — 16.1 52 -526 NA NA NA NA

A% 29.06 + 18.55 NA NA 0.02 - 0.34 NA NA NA NA

Cr 90.39 + 10.51 0.60 NA 24-13.0 0224-67 139-16.1 87.06 + 26.32 NA 0.82 NA

Mn 40.61 + 15.69 NA NA 04-105 0.19-33 1.5-13 17.75 £ 9.92 13.6 3.09 105+ 1.7

Fe 257.05 + 6.23 673 35.5+264 100 — 200 12 -7300 30.1-266 288.65+ 4096 143.7 15435 184 + 15

Co 36.20 + 16.62 0.10  0.052+0.06 0.01 —0.15 0.006 -3 NA NA NA 0.101 0.25

Cu 3346 + 17.28 NA NA 2-24 42 -81 3.89 — 107 8.14 £ 4.75 7.0 3.71 160 + 8

Ni 41.37 £ 15.54 NA NA 1.8-24 0.14-695 22-88 56.36 + 13.19 2.1 0.95 NA

Zn 26.01 £ 19.60 110.4 121.1 £229 58 -272 73 -3080 482 -380 11029 +4.38 1174 147.96 127 + 16

As 3.13 £ 56.52 0.34 283+ 6.2 02 -2.7 0.009 —2.57 NA NA NA NA NA

Se 54.41 + 13.55 097 0.668+027 03-15.0 NA 59-125 NA NA 0.44 NA

Sr 63.13 + 12.58 NA NA 04-08 0.16-33 NA NA NA 6.20 NA

Cd 100.35 + 9.98 NA NA 1.0-26 0.013-19 NA 0.87 + 0.61 2.1 0.031 0.50 = 0.03

Pb 185.10 + 7.35 NA NA 97 — 240 0.04 — 240 NA 16.37 + 6.83 8.7 1.86 NA

relationship between the variables.

The interrelationships between the elements detected
in nails are presented in 7able 2 some interactions
between the elements in nails are presented. In 7able 3
the first five columns on the left present the mean,
median, standard deviation (STD), minimum and
maximum values of the elemental concentrations,
however the other nine columns after present the
readings of other researchers show the elements'
specified concentrations in human nails. They are
distinct from one another in all of the research papers
that are stated; this may be because sample donors
lived in various places with varying trace element
exposures.! Most concentration values determined in
this studies compare favorably with those found in
previous studies. However, the concentration values
of the elements As, Se, Sr, Cd and Pb are orders of
magnitude greater than those found in the previous
studies. These marked differences are of grave concern.
These elements normally occur in ores, which could
have been included in the agriceuticals. It can be
surmised that these chemicals used, and perhaps still
being used, by the farmers are of inferior quality.
More so, these high, and thus toxic, concentrations in
the nail matrices indicates a poor health conditions. It is

recommended that these results be communicated to
the Sudanese department of agriculture and that the
farmers be taken for medical examination.”

4. Conclusions

This work represents an encompassing determination
of the elemental concentration of the nail matrix. It has
been down that agricultural chemicals, environmental
and nutritional factors have been demonstrated to
have a major impact on the amounts of heavy metals
in nail tissue. However, the present paper indicates
that high levels of Pb, Cd, As, Ni, Zn and other
potential toxic elements found in nail samples from
farmers in this area means the need for raising public
awareness of the risks that accompany this line of work
and enabling these volunteers to take the appropriate
safety precautions are urgently needed. Therefore, use
of fingernails as biomarkers of exposure to toxic metals
supposed to be increased over time by using different
experimental techniques. The relatively high concen-
trations of the inorganic elements found in the nail
matrices are indicative of agriceuticals used by the
farmers, were of a low quality. It is imperative these
findings should be brought to the attention of Ministries

Analytical Science & Technology
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of Agriculture in the Sudanese government (sections).
More so, these farmers should undergo agriculture
instructions/teaching, in which they should be made
aware of these health hazards.
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