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Abstract. The aim of this study was to determine the concentration of Fe, Ni, Cu, Zn and Pb in scalp hair of
leukaemia patients and healthy volunteers, using the optimised XRF method. Leukaemia hair samples were
classified corresponding to type, growth and age of the participants. The results showed that the studied trace
elements (TEs) in both of leukaemia and control groups were positively skewed. In comparison with the control
group, lower Fe, Cu, Zn and Pb and higher of Ni medians were found in all studied leukaemia patients. The
median rank obtained by Mann-Whitney U-test revealed insignificant differences between the leukaemia patients
subgroups and the controls. An exact probability (o < 0.05) associated with the U-test showed significant dif-
ferences between medians in leukaemia patients and controls groups for Pb (lymphatic/control, acute/control),
Cu (lymphatic/control, chronic/control), Ni (lymphatic/control, chronic/control) and Fe (chronic/control). Very
strong positive and negative correlations (r > 0.70) in the scalp hair of control group were observed between
Ni/Fe-Ni, Cu/Fe-Cu, Zn/Fe-Zn, Pb/Fe-Pb, Cu/Ni-Zn/Ni, Cu/Ni-Pb/Ni, Zn/Ni-Pb/Ni, Zn/Fe-Zn/Cu, Pb/Ni-Ni
and Ni/Fe-Pb/Ni, whereas only very strong positive ratios in the scalp hair of leukaemia patients group were
observed between Ni/Fe-Ni, Cu/Fe-Cu, Zn/Fe-Zn and Pb/Fe-Pb, all correlations were significant at p < 0.05.
Other strong and significant correlations were also observed in scalp hair of both groups. Significant differences
between grouping of studied TEs in all classified leukaemia groups and controls were found using principal
component analysis (PCA). The results of PCA confirmed that the type and the growth of leukaemia factors
were more important in element loading than the age factor.
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Introduction

Nowadays, the investigation of trace elements (TEs)
in the body fluids and tissues of living persons has
been correlated to the diagnosis of various diseas-
es, including cancers such prostate, leukaemia,
colorectal, lung, liver, kidney, thyroid and breast
[1-7]. Even though the biochemical mechanism of
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body is not very clear in the present stage, from
the perspective of cancer prevention and diagnosis.
However, the studies on the relationship between
the cause of cancer and the levels of elements are
still of great importance.

Among the different biological specimens sub-
jected for analysis, hair has attracted considerable
attention because of the simplicity of sampling,
transport and handling as well as providing infor-
mation about concentrations of some TEs that are
considerably more concentrated in hair than in other
biological specimens, which makes analysis easier
[8, 9]. Unfortunately, in some cases, collection of
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hair samples is considered problematic because of
the reason of human hair loss, e.g. the case of in-
dividuals suffering from some cancerous diseases,
including leukaemia [10].

In order to determine TEs in samples with critical
amounts, very sensitive techniques were required.
In this respect, techniques such inductively coupled
plasma-mass spectrometry (ICP-MS), graphite
furnace atomic absorption spectrometry (GFAAS),
combustion atomic absorption spectrometry
(Comb-AAS), neutron activation analysis (NAA)
and total reflection X-ray fluorescence (TRXRF)
could play a great role to overcome the limitation
in sample amounts and the very small concentra-
tions of some TEs [11-16]. In addition to the previ-
ously mentioned techniques, energy dispersive X-ray
fluorescence (EDXRF) with modern software and
combination with chemical procedures also showed
avery good capability to determine several TEs with
small concentrations [14, 17, 18].

In this work, several TEs, i.e. Fe, Ni, Cu, Zn and
Pb in small available amounts of scalp hair of leukae-
mia patients were determined using the optimised
calibration curve method for XRF. The TEs levels
in leukaemia and control groups were subjected for
statistical estimation using Mann-Whitney U-test
and a multivariate method of principal component
analysis (PCA). Hair TEs levels were also compared
with those contents found in control group samples.
Moreover, the possible association of hair TEs con-
tents was investigated.

Experimental
Study population

Thirty-nine of leukaemia male patients, ages be-
tween 16 and 93 years, were participated in this
study on voluntary basis. The average age of the pa-
tients was 49.0 years. The participated patients were
selected from individuals admitted in Al-Mowasat
hospital in Damascus city, Syria. Prior to the hair
scalp sample collection, the protocol of the study
was approved by the Human Ethical Committee of
the respective hospital. Diagnosis of leukaemia was
confirmed histologically. In order to determine the
normal concentrations of TEs, 39 hair samples from
volunteers, ages between 6 and 63 years were col-
lected; all volunteers were healthy and not receiving
any medication. Average age of the healthy volun-
teers was 34.3 years. The hair samples were collected
from the nape of the scalp by cutting 3-5 mm hair
pieces long using a pair of sterilised stainless steel
scissor washed with ethanol, a neutral solvent to
remove external contamination. Then, the collected
hair samples were sealed in transparent plastic bag.
Adequate masses (>0.10 g) of hair samples from in-
dividuals in control group were collected; while hair
samples with masses in the range 0.05-0.10 g were
available for leukaemia patients. Each sample was
given a code number to correspond to the respon-
dent. Simultaneously, their age, working duration
and clinical history were recorded.

Sample preparation

The hair samples were subjected to the surface clean-
ing treatment according to IAEA recommendation
[5]. The hair samples (about 0.050 g each) were pre-
pared for XRF analysis using the procedure reported
by Khuder et al. [14]. This included, however, the
digestion of hair samples by a mixture of HNOs-H,0,
(3:1), the precipitation of studied TEs using ammo-
nium pyrrolidinedithiocarbamate (APDC), and the
filtration of the obtained precipitates using 0.45-um
pore size filter paper. Then, the filters obtained were
put in polyethylene cups, having sample area of
approximately 3.97 cm?. The cups were covered from
one side with Mylar foils. Finally, the samples were
kept in desiccators for further analysis by XRFE.

Reagents and solutions

All aqueous solutions and dilutions were prepared
with ultrapure water, which was obtained from a water
purification system (New Human Power II, South
Korea) with 18.3 MQ cm specific resistivity. Analyti-
cal grade acetone (Merck) and ultrapure water were
used for washing the scalp hair samples. Solutions of
14 HNO; (BDH), and 30% H,O, (Fluka) were used
for the digestion of scalp hair samples. APDC analyti-
cal grade (Merck) was used for the co-precipitation of
TEs. Stock standard solutions (1000 pg/ml) of Fe, Ni,
Cu, Zn and Pb from BDH were used for constructing
of the calibration curves. For adjusting the pH of TEs,
25% ammonia solution (GR, Merck) was used.

The XRF method was tested using standard refer-
ence materials of human hair 085 from International
Atomic Energy Agency (IAEA), human hair BCR-397
and mussel tissue BCR 278 from Community Bureau
of Reference-BCR.

Instrumental measurements

The XRF measurements were carried out using an
energy dispersive X-ray fluorescence instrument. The
XRF technique was equipped with 2 KW Mo tube and
a Si(Li) semiconductor detector (PGT Co.) with an
energy resolution of 160 eV at 5.9 keV. The operating
conditions were 20 mA and 35 kV using Mo secondary
target for X-ray excitation. The live time was 4000 s.
Net peak intensities of Ko of Fe, Ni, Cu and Zn, and
Lo of Pb lines of the standards and the unknown hair
samples were calculated by fitting the obtained spectra
with the AXIL (analysis of X-ray spectra by iterative
least squares fitting) program [19]. To ensure a careful
control on probable contamination produced during
the sample preparation and/or the measurements,
blank sample was prepared for each set of samples.

Validity of XRF method

To determine the functional dependency associating
the XRF intensity with the element concentration,
the linear regression method was used. This method
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was also used in the determination of some important
validation parameters. Microsoft Excel-2010 was used
to calculate the regression parameters of the linear
calibration curves. The correlation coefficients (r)
of the calibration curves were considered as param-
eters, which could only demonstrate the strength of
the linear relationship between the intensity and the
concentration. In this work, further parameters were
examined to prove the linearity of the calibration
curves. These were as follows:

Slop and intercept

Student’s ¢-test at significant level (a) of 0.05
was used to examine the significance of the differences
in the slope and the intercept of the calibration lines
and the zero.

Limit of detection (LOD), limit of quantitation
(LOQ) and range

The LOD and the LOQ values were calculated by the
method reported by Konieczka and Namiesnik [20].
However, LOD values were calculated using the fol-
lowing dependence: LOD = 3.3 x SD/b; where SD
and b are the standard deviation and the slope of the
corresponding calibration curves, respectively. The SD
values were calculated by averaging the values of the
residual standard deviation (SD,,) and the standard
deviation of the intercepts (SD,) of the calibration
curves each; taking into account that the previously
mentioned parameters were obtained by drawing the
calibration curves at three concentration levels closed
to the expected LOD for hair samples. The correctness
of the calculated LOD was estimated by respecting
the following conditions: 10 LOD > C,;, and LOD
< Cpin; Where C,is the lowest concentration used
to draw the calibration curve. Depending on the cal-
culated LOD, LOQ values were simply calculated by
multiplying LOD by 3.

The standard solutions were prepared with a suit-
able range of concentrations to cover those concen-
trations of TEs in unknown hair samples. Practically,
the measuring range was identified by the interval
between the LOQ and the highest element concentra-
tion for which a measuring XRF system showed an
increase in the correspondent intensity.

Accuracy and precision

The accuracy was estimated by the relative difference
between the obtained and the certified values. The

Table 1. The linear calibration curve equations of TEs

precision of XRF measurements was estimated by
the relative standard deviation, RSD = (SD/C,,) X
100, where C,, is the obtained concentration of the
determined TEs. RSD was checked by repeating the
measurements of each standard sample five times
under the same operating conditions and during
one working-day.

Intermediate precision (ruggedness)

To test the intermediate precision (IP), five
independent aliquots of the used standard samples
were prepared by the optimised XRF method. Then,
each sample was measured as previously mentioned
for the precision testing. The last process was carried
out over five working-days. Finally, ANOVA single
factor was applied to test the significant differences
between the data analysis.

Statistical analysis

Student’s t-test (p < 0.05) was used to study the
quality of regression parameters obtained for calibra-
tion curves. ANOVA single factor was used to deter-
mine the stability of XRF method over a relatively
long-term process of measuring. Mann-Whitney
U-test was used to show the significant differences
between the medians of the TEs in both leukaemia
patients and control groups. Pearson correlation
analysis was used to investigate the mutual relations
between each pair of TEs. In addition, a multivariate
technique of PCA [21] was used to find the possible
sources and grouping of studied elements in the scalp
hair of leukaemia patients and compare these results
with those obtained for the control group. All cal-
culations were performed using statistical packages
STATISTICA-8 [22].

Results and discussion
Validity of XRF method

The important parameters required for validation of
the XRF method were described in the previous sec-
tion. However, the regression parameters, such the
slopes (S), the intercepts (a) and the regression coef-
ficients (r) of the calibration curves were determined
and displayed in Table 1. The results revealed gradual
increases in sensitivities (S) of TEs of Ka-lines, i.e.
Fe, Ni, Cu and Zn. Slightly decrease in S of Pb-La

Regression coefficient, Slope, b Intercept, a Linear equation?,
Flement
r Cps/ug (cps) y=bx+a

Fe 0.9989 0.247 -0.004 y = 0.247x — 0.004
Ni 0.9951 0.291 0.004 y = 0.291x + 0.004
Cu 0.9987 0.321 0.007 y = 0.321x + 0.007
Zn 0.9985 0.485 -0.094 y = 0.485x — 0.094
Pb 0.9979 0.301 -0.013 y = 0.301x — 0.013

2The linear equation was obtained by drawing the measured intensities (cps) vs. the absolute concentrations of TEs in used

standards.
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Table 3. Concentrations of TEs in scalp hair of leukaemia patients (L) and control groups (C)

Valid Mean Median Range Reference values
Element Grou CV%
P number  (ng/g) (ng/®) (ng/g) ’ (ng/g)

Pb C 37 10.9 9.88 5.81-22.1 33.3 6.5-8.7 [26]

L 35 8.28 8.14 2.37-22.3 60.6 3-17 [7], 3.3-99.1 [4]
7n C 36 218 200 84.0-488 43.5 171-314 [27]

L 38 183 164 36.0-466 53.1 89-170 [24], 110-1092 [23]
Cu C 39 15.5 13.1 5.97-43.2 49.8 10-21 [27]

L 39 12.1 8.90 1.80-32.6 66.6 7-22 [24], 9-83 [23]
Ni C 39 1.30 0.94 0.296-3.19 66.7 1.4-3.2 [27]

L 39 2.32 1.94 0.290-7.34  76.7  1.1-4.3 [24], 0.7-1.61 [26]
Fe C 39 35.2 33.5 24.5-74.0 23.1 22-61 [15]

L 39 38.4 31.4 17.9-149 69.9 25-50 [26], 90-204 [9]
by considering all analysed hair samples, while

= 3.00

the mean concentrations of Pb in leukaemia and
control groups were calculated for 72 samples of 78
participated individuals, having Pb concentrations
above the detection limits of the XRF method. The
mean concentrations of Zn in leukaemia and control
groups were determined for 74 samples of 78 individ-
uals; taking into account that 4 samples with Zn con-
centrations greater than the maximum concentration
of the calibration curve were not considered in de-
termination of Zn mean. Overall, the concentration
ranges of the TEs in scalp hair of healthy individuals
were in the same order of those reported elsewhere
[9, 23-25, 27]. The results showed a relatively wide
concentration range of the studied TEs in the control
group with CV% values in the range from 23.1% for
Fe to 66.7% for Ni. These indications were at most
due to the large variations in the individual results
in the control group. In the instance of leukaemia
group, the CV% values (from 53.1% for Zn to 76.7%
for Ni) were higher than those obtained for the con-
trol group. This concluded, however, the presence of
additional factors affected the distribution of the TEs
in scalp hair of leukaemia patients.

The highest mean concentration of the deter-
mined TEs in control group was observed for Zn
(218 pg/g), followed by Fe (35.2 pg/g), Cu (15.5 pg/g),
Pb (10.9 pg/g) and Ni (1.30 ug/g). The previously
mentioned decreasing order was also mentioned for
the same TEs in leukaemia patients group with the
following means: 183 ug Zn/g, 38.4 ng Fe/g, 12.1 ng
Cu/g, 8.28 pg Pb/g and Ni 2.32 ug Ni/g.

For further studies of TEs distributions, leukae-
mia patients group was divided into two subgroups
according to the type of the affected cells: (i) lympho-
cytic leukaemia (LL, n = 16), which affected lym-
phoid cells; and (ii) myeloid leukaemia (ML, n = 23),
which affected myeloid cells. The leukaemia patients
group was also divided into two other subgroups
according to the growth of leukaemia. However,
these were: (iii) chronic leukaemia (CL, n = 26);
and (iv) acute leukaemia (AL, # = 13). Accordingly,
the ratios of medians in different leukaemia patients
subgroups to those in controls were calculated and
plotted against the examined TEs (Fig. 1). Although
the tendencies toward the lower medians of Fe, Cu,
Zn and Pb and the higher median of Ni were shown,
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Fig. 1. Ratios of medians of TEs in leukaemia patients
subgroups and controls. Where LL, ML, CL, AL and
C are the lymphocytic leukaemia, myeloid leukaemia,
chronic leukaemia, acute leukaemia and control groups,
respectively.

the median ranks obtained by using Mann-Whitney
U-test, p > 0.05 (Fig. 2) revealed insignificant differ-
ences between the TEs in both of leukaemia patients
subgroups and control group. An exact probability
(o < 0.05) associated with the respective U statistic
was also computed to show the significant differences
between the medians of the examined TEs in differ-
ent leukaemia patients patterns and control group.
The results in Table 4 showed significant differences
of medians of (Pb, Ni and Cu), (Ni and Fe) and (Pb
and Cu) in LL, CL and AL subgroups, respectively,
in comparison to those obtained for control group;
while the results of medians determined for all TEs
in ML subgroup showed no significant differences
compared to those obtained in control group.

Correlation study

The data on element-to-element, element-to-ratio
and ratio-to-ratio correlations in the scalp hair
samples of control and leukaemia patients subgroups
are given in Table 5 and Table 6, respectively. The
results showed very strong positive correlations in
the control group: Ni/Fe-Ni (r = 0.97), Cu/Fe-Cu
(r = 0.96), Zn/Fe-Zn (r = 0.96), Pb/Fe-Pb (r =
0.88), Cu/Ni-Zn/Ni (r = 0.81), Cu/Ni-Pb/Ni (r =
0.75), Zn/Ni-Pb/Ni (r = 0.75) and Zn/Fe-Zn/Cu
(r = 0.70). Two very strong negative correlations
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Fig. 2. Mann-Whitney U-test of scalp hair Fe, Ni, Cu, Zn and Pb levels in leukaemia patients subgroups (LL, ML, CI
and AL) and controls (C). Differences were not significant. o Median, [] 25%~75%, I Min-Max. The symbols are

explained in Fig. 1.

Table 4. Significant differences between medians (ng/g) of the TEs in scalp hair of different leukaemia patient patterns

and control group*

p-Level

CL/C

AL/C

Element
LL/C ML/C
Pb 0.01887 (13, 37) 0.08046 (22, 37)
Zn 0.19866 (15, 36) 0.05290 (23, 36)
Cu 0.00847 (16, 39) 0.13803 (23, 39)
Ni 0.00124 (16, 39) 0.17207 (23, 39)
Fe 0.07663 (16, 39) 0.11606 (23, 39)

0.07032 (24, 37)
0.08305 (26, 36)
0.15484 (26, 39)
0.00186 (26, 39)
0.03668 (26, 39)

0.01955 (11, 37)
0.11988 (12, 36)
0.00346 (13, 39)
0.45148 (13, 39)
0.32478 (13, 39)

2 Symbols of leukaemia patient patterns and controls are explained in Fig. 1.
Data between parentheses are the valid numbers of leukaemia subgroups and control group, respectively.

Marked tests are significant at p < 0.05.

were also obtained: Pb/Ni-Ni (r = —0.80) and Ni/Fe-
-Pb/Ni (r = -0.80). Other strong positive correla-
tions were observed for Ni-Pb, Pb/Zn-Zn, Pb/
Cu-Pb, Pb/Fe-Ni, Zn/Cu-Zn, Zn/Cu-Pb/Cu, Zn/
Ni-Ni and Ni/Fe-Pb/Fe. Strong negative correla-
tions were also obtained: Pb/Cu-Cu, Zn/Cu-Cu,
Zn/Ni-Pb/Zn, Zn/Fe-Pb/Zn, Cu/Ni-Ni, Cu/
Ni-Pb/Cu, Cu/Fe-Pb/Cu, Ni/Fe-Zn/Ni and Ni/
Fe-Cu/Ni. In addition, some significant positive
and negative correlations were also obtained for:
Pb/Zn-Ni, Pb/Cu-Pb/Zn, Pb/Fe-Zn, Pb/Fe-Pb/
Ni, Pb/Fe-Pb/Cu, Zn/Cu-Pb/Zn, Zn/Ni-Pb,

Zn/Ni-Zn, Zn/Ni-Pb/Cu, Zn/Ni-Pb/Fe, Zn/Fe-Fe,
Zn/Fe-Pb/Fe, Zn/Fe-Zn/Ni, Cu/Ni-Pb, Cu/Ni-Pb/
Zn, Cu/Ni-Pb/Fe, Cu/Fe-Zn/Cu, Cu/Fe-Zn/Fe, Cu/
Fe-Cu/Ni, Ni/Fe-Pb and Ni/Fe-Cu/Fe. These results
revealed that the relationship between pairs of TEs
(element-to-element) in scalp hair of control group
was observed only for Ni and Pb; while numbers of
the relationships were observed by correlating the
ratios of the studied TEs by each other (element-
-to-ratio and ratio-to-ratio).

Very strong positive correlations were found in
the leukaemia group: Ni/Fe-Ni (r = 0.88), Cu/Fe-



117

Trace elements in scalp hair of leukaemia patients

(6¢ = u) a1om sadwes pasayl Jo IqUNN "G00 > d Je JuedhIusIs aIe sanjea-. pjog

001 €10 ¢S 0- 8T°0 29'0- 60°0— 00 Ly'0- 10°0 00— 620~ 88°0 c0'0— 00— 000~ od/IN
001 cs0 9%°0 I LGS0~ o S0°0- 8t°0— 0T°0— 8¢°0- S0°0- 88°0 1¢0 Zcro 94/nD
00'T 01°0 090 8¢°0— 120 9¢°0 e o- €0°0- 80°0— 29'0- 1$°0 90°0 LT0 IN/ND
00'T 810 10°0- 80°0 9C'0- 9¢°0— s 0- 9¢°0- 010 0t°0 ZA LT0- °d/uZ
00T 020 cL0- 70 610~ SL'0- 800 99°0- L0°0~ Ay cco- IN/UZ
001 0£°0- IT°0- 29'0 LT 0~ 60°0 S00 eG0- 110 LT°0~ np/uz
001 €0 €C0 90 9¢°0- 1o 820 ¢ro- 0L0 24/4d
001 €C0 9%°0 9¢°0 cs0- 00°0- S10- €9°0 IN/dd
001 70 20 1710 81°0- £C0- 81°0 np/qd
001 1<0 £0°0— 01°0- 15°0- 99°0 uz/4qd
00T £€0°0- 80°0~ ¢<T0 €0 od
00T S0°0- 800 100 IN
00'T 9%°0 vC0 ng
00T 00 uz
00'T dd
od/IN 31/n) IN/ND od/uz IN/UZ np/uz od/4d IN/ad n)y/qd uz/4qd od IN no uz qd
dnoa3 sjuanyed erwaesnaj jo arey d[edas ur SH.I, JO XLIJBW JUSIONFO0D UOIIR[AII0D U0SIedd 9 dqeL
(6¢ = u) a1om sadwres paisa) Jo IqUINN "G00 > d Je JuedogIusdIs aIe sanjea-. pjog
00T g0 £9°0- 820 29°0- 110 650 08°0- 900 20 4 L6°0 LT0 120 81°0 od/IN
00T Y Al] 620 €00 10— 97°0 Gc0- 19°0- 610- T 0- 1¢°0 96°0 80 LT0 94/nD
00T 10°0- 18°0 80~ er'0- sLo €S'0- 0~ 60°0 19°0- 1€°0 80°0 0t°0- IN/RD
00T g0 0L°0 0t°0 L0°0— 000 19°0- 0- LT0 Y10 96°0 Y10 3d/uz
00T 920 44\ Lo €°0- 19°0- S0°0- L9°0- L00 0t°0 LY'0- IN/UZ
00T raly) 200 LSO Stro- 0C0- S0°0 15°0- 99°0 €10 np/uz
00T ce0- 70 0£°0 0£°0- S0 810 9¢°0 88°0 °4/9d
00T 10°0- 020~ 80°0 08°0— 0C°0- 100 9C°0- IN/dd
00T 1e°0 L0°0 80°0 €9°0- 200 0<°0 ny/qd
00T 20 a0 110~ S9°0- L0 uz/4d
00T ¥0°0~ 00 0C0- ¥1°0 od
001 620 91°0 €80 IN
001 (44 1c0 ng
001 €C0 uz
00T ad
od/IN 31/nd IN/ND oJ/uzZ IN/UZ np/uz 94/4d IN/ad nd/qd uz/4qd od IN no uz ad

dnoas [onuod Jo arey d[eos ur sg.[, JO XLIJeW JUSIONJO0D UOIIR[AII0D U0SIedd G d[qeL



118

A. Khuder et al.

-Cu (r = 0.88), Zn/Fe-Zn (r = 0.74), Pb/Fe-Pb
(r = 0.70). In addition, strong positive correlations
(Pb/Zn-Pb, Pb/Ni-Pb, Zn/Cu-Pb/Cu, Cu/Ni-Cu,
Cu/Ni-Pb/Ni and Cu/Fe-Cu/Ni) and strong nega-
tive correlations (Pb/Zn-Zn, Pb/Ni-Ni, Zn/Cu-Cu,
Zn/Ni-Ni, Zn/Fe-Pb/Zn, Cu/Ni-Ni, Cu/Fe-Zn/
Cu, Ni/Fe-Zn/Ni, Ni/Fe-Cu/Ni) were obtained.
Numbers of other significant positive and negative
correlations were also found: Cu-Zn, Fe-Pb, Pb/
Cu-Pb, Pb/Cu-Cu, Pb/Cu-Pb/Zn, Pb/Ni-Fe, Pb/Ni-
-Pb/Zn, Pb/Fe-Fe, Pb/Fe-Pb/Zn, Pb/Fe-Pb/Ni, Zn/
Cu-Pb/Ni, Zn/Cu-Pb/Fe, Zn/Ni-Pb/Zn, Zn/Ni-Pb/
Ni, Zn/Ni-Pb/Fe, Zn/Fe-Cu, Zn/Fe-Fe, Zn/Fe-Pb/
Ni, Cu/Ni-Pb/Cu, Cu/Ni-Zn/Cu, Cu/Fe-Fe, Cu/Fe-
-Pb/Cu, Cu/Fe-Pb/Fe and Cu/Fe-Zn/Fe. The results
revealed some common origins of the studied TEs in
the scalp hair of leukaemia patients. On the other
hand, several important correlations for the TEs and
their ratios in control group, e.g. Ni-Pb, Zn-Zn/Cu
and Ni-Pb/Fe, were not found in leukaemia patients
group. Furthermore, the very strong correlation coef-
ficients of the TEs and their ratios were much higher
in control group than those obtained in leukaemia
patients group, indicating the influence of higher
variations obtained for concentrations of TEs in
leukaemia patients in comparison to those obtained
in control group on the inter-relationship between
pairs of the studied TEs and their ratios. The previ-
ously mentioned results could suggest correlations
between TEs and their ratios as a prognostic factor
of leukaemia decease. Studies on correlations be-
tween TEs were reported elsewhere to determine the
severity of diseases, including leukaemia [28, 29].

Principal component analysis

Three important factors: age, type and growth of
leukaemia patients, which were expected to affect
the source identification and grouping of TEs, were
studied. Regarding the age factor, PCA was employed
to identify the possible sources and grouping of stud-
ied TEs in scalp hair of control and the leukaemia
age groups. The variables subjected to PCA were
the concentrations of the TEs in scalp hair samples
of control group and leukaemia patients. For this
study, the individuals of control group were divided
into two age-subgroups. The first age-subgroup (G.;)

was consisted of 33 older individuals with a range of
age from 23 to 63 years (mean age 37.6 year), while
the second age-subgroup (G.,) was consisted of only
six available younger individuals with a range of age
from 6 to 22 years (mean age 16.0 year). The princi-
pal component (PC) loadings, which were extracted
by using varimax normalised rotation on the TEs
data-set, are shown in Table 7. The results showed
that three PCs loading were extracted with eigen-
values >1 for G, age-subgroup, while only two PCs
loading were extracted with eigenvalues >1 for G,;
commutatively explaining more than 81 and 84% of
the total variances, respectively. PC1 showed maxi-
mum loading for Pb and Ni in both of age-subgroups.
In addition, PC2 showed maximum loading for Fe
and Zn in the previously mentioned age-subgroups.
One significant difference was mentioned between
G, and G, corresponding to PC3, which showed
maximum loading for Cu in G.;; while such maxi-
mum loading was absent in G, age-subgroup. As the
result of existing the previously mentioned difference
between the studied age subgroups and because the
means of the ages of the studied leukaemia patients
subgroups were extremely averaged toward the mean
age of controls in G, subgroup, the results of PCA
of last mentioned subgroup were considered in fur-
ther studies for comparison. Similar study was also
carried out on the data analysis corresponding to
leukaemia patients group. The results revealed that
there were no significant differences between PC
loadings for all tested TEs in age-subgroups of leu-
kaemia patients, confirming that the age factor was
negligible in comparison to other expected factors
such the type and the growth of leukaemia.
Regarding the type factor, PCA was also em-
ployed for LL and ML leukaemia subgroups and
the results were compared to those obtained for the
control group (Ge;). In a similar manner, PCA was
employed for CL and AL leukaemia subgroups which
reflected the effect of growth factor of leukaemia.
The results of PCA loadings are shown in Tables 8
and 9 for (LL and ML) and (CL and AL) leukaemia
subgroups, respectively. The results showed that,
only two PCs were extracted with eigenvalues >1
for LL, ML, CL and AL leukaemia subgroups each,
commutatively explaining more than 68, 61, 60
and 77.8% of the total variance, respectively. In the
instance of the control group, PC1 showed higher

Table 7. Principal component loadings of TEs in scalp hair of control age groups: (G.i, # = 33)*and (G, 1 = 6)" groups

PC1 PC2 PC3
Variable

Gcl Gc2 Gcl Gc2 Gcl Gc2
Pb 0.92 0.79 -0.00 0.13 0.14 -
Zn 0.22 0.41 0.74 0.90 0.32 -
Cu -0.01 0.62 0.02 0.56 0.95 -
Ni 0.91 0.97 0.01 -0.13 -0.10 -
Fe 0.17 -0.39 -0.84 0.87 0.19 -
Eigenvalues 1.76 2.49 1.28 1.72 1.02 -
Total variance (%) 35.3 49.8 25.9 34.3 20.3 -
Cumulative variance (%) 35.3 49.8 61.2 84.1 81.5 —

2PCA results of 33 hair samples collected from individuals aged from 23 to 63 years.
>PCA results of six hair samples collected from individuals aged from 6 to 22 years.

Higher loadings are shown in bold.
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Table 8. Principal component loadings of TEs in scalp hair of control (G, # = 33)?, lymphocytic leukaemia (LL, n =

16), and myeloid leukaemia (ML, n = 23) groups

PC1 PC2 PC3
Variable
G LL ML G LL ML G LL ML
Pb 0.92 0.32 0.07 -0.00 0.82 0.80 0.14 - -
Zn 0.22 0.82 0.77 0.74 0.20 0.11 0.32 - -
Cu -0.01 0.89 0.84 0.02 0.00 0.06 0.95 - -
Ni 0.91 -0.39 0.51 0.01 0.77 -0.33 -0.10 - -
Fe 0.17 0.17 -0.05 -0.84 0.63 0.86 0.19 - -
Figenvalues 1.76 1.96 1.56 1.28 1.49 1.49 1.02 - -
Total variance (%) 35.3 39.1 31.3 259 29.8 29.8 20.3 - -
Cumulative variance (%) 35.3 39.1 31.3 61.2 68.9 61.1 81.5 — —

2Results of 33 hair samples collected from individuals aged from 23 to 63 years were participated in PCA.

Higher loadings are shown in bold.

Table 9. Principal component loadings of TEs in scalp hair of control (G.;, # = 33)?, chronic leukaemia (CL, n = 26),

and acute leukaemia (AL, n = 13) groups

PC1 PC2 PC3
Variable

Ga CL AL Gu CL AL AL CL AL
Pb 0.92 -0.72 0.87 -0.00 0.18  -0.00 0.14 - -
Zn 0.22 0.13 0.83 0.74 -0.72 0.30 0.32 - -
Cu -0.01 0.01 0.82 0.02 -0.84 0.28 0.95 - -
Ni 0.91 0.66 0.16 0.01 0.39 0.86 -0.10 - -
Fe 0.17 -0.79 0.18 -0.84 0.17 0.91 0.19 - -
Eigenvalues 1.76 1.65 2.75 1.28 1.39 1.14 1.02 - -
Total variance (%) 35.3 33.1 54.9 25.9 279 22.8 20.3 - -
Cumulative variance (%)  35.3 33.1 54.9 61.2 60.9 77.8 81.5 - -

2Results of 33 hair samples collected from individuals aged from 23 to 63 years were participated in PCA.

Higher loadings are shown in bold.

loadings for Pb and Ni; while, in the instance of LL
and ML subgroups, PC1 showed higher loadings for
Zn and Cu. On the other hand, PC1 showed higher
loadings for (Pb and Fe) and (Pb, Zn and Cu) in
the instance of CL and AL subgroups, respectively.
These results indicated that for control group Pb
and Ni contributed maximum loadings to PC1. This
contribution was partially or completely changed in
the instances of all leukaemia patients subgroups.
However, the previously mentioned two TEs (Pb
and Ni) were changed to (Zn and Cu) in both of
LL and ML subgroups. In the instances of LC and
AL subgroups, Ni was changed by (Fe) and (Zn and
Cu), respectively; while Pb in last two subgroups
shared again PC1 as in control group. In the control
group, PC2 showed positive and negative higher
loadings for Zn and Fe, respectively. The maximum
loadings of (Pb and Ni), (Pb and Fe), (negative Zn
and negative Cu) and (Ni and Fe) were shown in
PC2 for LL, ML, CL and AL leukaemia subgroups,
respectively. These results indicated that PC2 had
different maximum loadings for the TEs in leukaemia
subgroups. In addition, comparison between the
results obtained for TEs in control and leukaemia
subgroups demonstrated different maximum load-
ings in PC2. The maximum loading of Cu was shown
in PC3 for control group, while such findings for
the Cu or the rest TEs were absent in all leukaemia
subgroups. In fact, PCA demonstrated significantly
different grouping of TEs in leukaemia patients and
control groups.

Conclusions

The XRF method was applied successfully for the
determination of Fe, Ni, Cu, Zn and Pb in scalp
hair of leukaemia patients and control groups. The
measured results of the Standard Reference Materi-
als were in good agreement with the certified values.

Distribution of all TEs was skewed into the di-
rection of the highest values. The wide range of the
TEs concentrations in leukaemia patients was higher
than that obtained for control group. On the basis
of the median ranks obtained by Mann-Whitney
U test, there were no significant differences between
the studied TEs in scalp hair of leukaemia patients
and controls; whereas, an exact probability (o <
0.05) associated with the same test confirmed several
significant differences between medians of the TEs
in leukaemia patients and control groups.

Data on the element-to-element correlations and
their ratios revealed the existence of several very
strong mutual correlations in leukaemia patients and
control groups, in addition to other strong and sig-
nificant correlations. The correlation results indicated
some common origins of the studied TEs in scalp hair
of leukaemia patients. Furthermore, the correlation
coefficients for the TEs in the control group were
much higher than those obtained in the leukaemia
patients group.

PCA showed different apportionment mecha-
nisms of the studied TEs in scalp hair of leukaemia
patients and controls. This result supported that the
body metabolism in the leukaemia patients is being
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significantly affected by the examined TEs. In addi-
tion, the PCA showed that the type and the growth
of the leukaemia factors affected the distribution
of the TEs in scalp hair of leukaemia patients more
than the age-factor.
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