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Abstract

This study was experimentally conducted between 2017 and 2018 in order to determine the interactions of heavy metals and non-
smoking status of adolescents in Sinop Province (Turkey). In this regard, the students of Sar1 Saltuk Anatolian High School
students in Sinop Province were examined. The research data was obtained using a questionnaire, including questions about
sociodemographic characteristics and smoking status of the adolescences. Afterwards, 0.5 g of hair samples from 40 female
students who accepted to participate to the research was collected and analyzed by inductively coupled plasma mass spectrometry
(ICP-MSMS), and the obtained data were evaluated using SPSS (version 22.0) statistical program. At the end of the study, the
Mg, Cr, Co, and Zn elements of the non-smoking girls were found to be slightly higher than the normal range of hair, and the high
concentration of Cd element was related to the contamination by passive smoking. Besides, it was determined that the elements
which showed the highest positive correlation in hair samples taken from the children of smokers were Ca/Cd, Al/Fe, Mg/Cr, Na/
Fe, Al/Cd, and Al/Na, respectively. As the nursing approach, it is thought that trainings aiming to prevent smoking and quitting

smoking are extremely important.
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Introduction

The greatest effects of heavy metals on human health are seen
in childhood in the age of growth and development. Smoking,
one of the factors causing heavy metal accumulation in the
body, poses a great threat for adolescents with growth age [1].

The effects of smoking on health are the result of the inter-
action of various forms of toxic components in the human
body and cigarette smoke. While individuals who use active
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cigarettes breathe the main cigarette smoke, non-smokers are
exposed to second-hand and third-hand smoke. These environ-
ments are considered to be the largest source of environmental
tobacco smoke (ETS) and are considered to be the main source
of the gaseous and particulate toxic chemical species of indoor
environments [2, 3]. This side cigarette smoke, which is in-
haled by non-smokers, usually involves relatively high con-
centrations of many harmful substances, including heavy
metals [4], and is great damage for babies and toddlers who
eat, eat with their hands, and are cared for by a cigarette user
with toxins on their skin and/or clothing [5, 6].

Most of the elements in the cigarette smoke are exposed by
the burning of tobacco leaves and water pipes and these ele-
ments can be deposited in the tobacco plant by either atmo-
spheric dusts [7, 8] or the pesticides accumulated by the to-
bacco [9, 10] or in the soil [11-13]. However, when the plants
grow in environments characterized by high concentrations of
heavy metals, heavy metals and other elements in tobacco can
be further increased [14, 15]. In addition to the toxic elements
that can be taken from the smoke during smoking, various
organic carcinogenic substances can be taken into the lungs
and some metals such as cadmium (Cd), nickel (Ni), and lead
(Pb) could easily be dispersed in the body with blood flow and
accumulate in certain organs such as kidney and liver [16].
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The effects of environmental pollution on human health
could be analyzed using some biological materials such as
teeth, hair, and nails, and it is possible to monitor changes in
the body. Hair and nails are biomaterials of fibrous protein
structure consisting of keratin [17, 18], and human hair is a
long-term growth material with a large number of trace ele-
ments accumulated in the hair, which can provide useful data
for a long time in determining the health status of an individ-
ual [19, 20]. On the other hand, the concentration of these
elements could be used to investigate dietary exposure to
chemical pollutants, especially to toxic metals, including the
effects of smoking and drug use by an individual or population
[21]. For this reason, hair and nails are considered as valuable
textures for the research of people’s exposure to environmen-
tal pollution.

In recent years, it has been observed that the hair of the
children is particularly prominent as a biomarker used in the
monitoring of exposure to heavy metals [22—26]. In the anal-
ysis of addictive substances, the most important reason for
studying with hair samples is that it is possible to obtain infor-
mation about the use of chronic substance in the distant past
which cannot be detected by blood and urine samples [27, 28].
The reason for this is the long-term accumulation of inorganic
components in hair samples and the higher concentrations of
the elements than in biological fluids [10, 29]. Considering the
researches on this subject, it is thought that the high affinity of
hair tissue to metals is mainly due to the presence of cysteine,
which constitutes approximately 14% of the human hair struc-
ture [27]. As a matter of fact, many metals interacting with hair
tissue, sulfur atoms in cystine, or sulfur groups in other amino
acids [30] and metals such as mercury can also be attached to
the hydrophobic nucleus of the hair structure melanin polymer
[31]. However, metals circulate in the hair during the hair for-
mation in hair follicles [32], endogenously by absorption of
metals secreted by oil and sweat glands, semi-oiled, and by
contacting the hair with endogenous and polluted ambient
air, soil and dust, and cosmetic [33].

In this study, it is aimed to explain the relationship between
smoking status and heavy metal levels of smoking in Sar
Saltuk Anatolian High School students living in Sinop
Province, to determine the relationship between smoking sta-
tus and the interaction of the mentioned elements and nursing
approach in adolescent children.

Material and Methods

The aim of this study is to determine the relationship between
smoking status and heavy metal interaction and nursing ap-
proach in adolescents in Sinop Province. The required permis-
sion was obtained from the Ethics Committee of Sinop
University and the Provincial Directorate of National
Education for the research. The population of the study was
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comprised of the students of Sar1 Saltuk Anatolian High
School in Sinop. The study was selected from among the
students who were studying in the boarding school, who stat-
ed that they did not smoke, were less affected by outdoor
pollution by staying away from extracurricular activities, and
were only at the end of the week, during holidays, and when
they were on leave. According to the research, female students
were preferred to have a longer hair compared with male stu-
dents and to obtain the amount of hair to be used for analysis.
The amount of heavy metal and trace elements in the hair and
the amount of heavy metal and trace elements were analyzed
with the 40 female students who fulfilled the conditions men-
tioned and accepted to participate in the research. In order to
determine the sample of the study, female students who did
not have any mental or chronic disease/syndrome, who did not
use any drugs, and who did not have any mental or chronic
disease/syndrome, were selected as case selection criteria.

Of the hair samples, 0.5% were collected from 40 female
students between ages 13 and 18 in the Sar1 Saltuk Anatolian
High School. In order not to affect the result of the analysis,
care was taken not to stain the hair while collecting the hair
sample. Forty students were evaluated within the scope of
sociodemographic and other questionnaire questions. The hair
samples were taken with high-purity 3 mL HNO3; and 9 mL
HCl and in high-pressure Teflon containers at a temperature of
200 °C for half an hour. The samples were then transferred to
50-mL falcon tubes. The resulting filtrate was dissolved in 50
mL of pure water and dissolved. Cd, Pb, Ni, Cu, and Fe heavy
metals of the samples were measured in ICP-MSMS at Sinop
University (SUBITAM). Also, the quantitation of the analytes
was performed by using the calibration curve method for each
analyte. The calibration curves were prepared from the stan-
dard solutions of the analytes. The least correlation coeffi-
cients were obtained as 0.9934. The limits of detection
(LOD = 3 s) and limits of quantification (LOQ = 10s) for
fifteen metals were also calculated and values of R, LOQ,
and LOD of analytes were given in Table 1.

Statistical Analysis

Statistical analyses were performed using SPSS (version 22.0)
program. The socio-demographic characteristics of student
were done by using descriptive statistical methods (percentage
up, mean). Besides, the correlation of elements was deter-
mined by the Spearman correlation (2-tailed) analysis.

Results

A total of 40 students participated in the study. Table 2 pre-
sents socio-demographic characteristics and smoking status of
all students. Once the socio-demographic data of the subjects
were evaluated, 60% of their families were found to smoke
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Table 1 Parameters of metric for

ICP-MSMS Elements Linear range Regression R LOD LOQ

(ngkg) (ngke) (ng/kg)

Na 0-100 y=30,101.1175x + 431,823.1256 0.9995 0.4166 1.3887
Mg 0-100 v =18,106.6085x + 1570.3856 0.9997 0.3917 1.3057
Al 0-100 ¥ =24.6019x + 24.4808 0.9998 1.0150 3.3833
Ca 0-100 y=158.6526x + 10,130.8304 0.9934 19.9500 66.5000
Cr 0-100 y=2374.2833x — 28.2171 1.0000 0.0193 0.0643
Mn 0-100 y=732.5724x + 63.1845 1.0000 0.0946 0.3153
Fe 0-100 y=1648.9975x + 3859.5245 0.9977 0.1767 0.5890
Co 0-100 v =4729.5479x — 65.8590 1.0000 0.0073 0.0243
Ni 0-100 y=1422.0971x + 269.3346 1.0000 0.0366 0.1220
Cu 0-100 ¥ =4051.6775x + 400.0200 1.0000 0.0678 0.2260
Zn 0-100 y=404.2578x + 398.1919 1.0000 0.5051 1.6837
As 0-100 v =282.9334x + 10.9904 1.0000 0.0367 0.1223
Se 0-100 y=414.7518x + 289.5721 1.0000 0.0835 0.2783
Cd 0-100 ¥ =15918.4731x — 336.7565 1.0000 0.0023 0.0077
Pb 0-100 y=17,297.5112x + 64,049.8253 1.0000 0.0655 0.2183

R correlation coefficient, LOD limit of detection, LOQ limit of quantification

and 40% were non-smokers (Table 2). The mean values of the
data obtained from the analysis of the hair samples taken from
the subjects (g kg ') are given in Table 3.

As a result of the analysis of the hair samples taken from
the students, Na (sodium) value is 189,244.64 +£29,922.21 ug
kgf1 (min. 20,100.62, max. 85,4407.22); Mg (magnesium)
value is 356,244.73 + 56,327.24 mg kg7l (min. 73,076.59,
max. 2,124,364.96); Ca (calcium) value is 6,635,802.86 =+
1,049,212.56 ug kg{1 (min. 1,882,126.67, max.
20,352,833.51); Mn (manganese) value is 1481.29 +
23421 ug kg_1 (min. 124.87, max. 10,140.57); Fe (iron) val-
ue is 19,203.18 + 3036.29 pg kg ' (min. 8410.46, max.
40,528.07); the value of Se (selenium) was 594.80 =+
94.05 pg kg ' (min. 215.33, max. 1275.09); Zn (zinc) value
is 625,721.49 + 98,935.26 ug kg ' (min. 140,951.77, max.
3,197,924.85); and Al (aluminum) value was determined as
13,913.38 + 10,636.3 ug kg~ ' (min. 4507.67,
max.58,204.80).

Based on the heavy metal analysis of hair samples taken
from the students, As (arsenic) value is found to be 31.26 +
10.67 pg kg ' (min. 8.28, max. 59.95), Cd (cadmium) value is
161.68 +458.21 ug kg ' (min. 14.21, max. 2929.55), and Pb
(lead) value was detected as 1379.75 + 775.20 ug kg ' (min.
417.41, max. 3837.42). The value of the As (arsenic) is 31.26
+10.67 ug kg7l (min. 8.28, max. 59.95), Cd (cadmium) value
is 161.68 + 458.21 ug kg ' (min. 14.21, max. 2929.55), the
lead (Pb) value was determined as 1379.75 + 775.20 ug kg™’
(min. 417.41, max. 3837.42), Cr (chromium) value is 210.63
+ 202.98 nug kg_1 (min. 57.07, max. 1084.24), Co (cobalt)
value is 559.21 + 1518.83 pg kg ' (min. 14.38, max.

7264.96), the value of the nickel (Ni) 1749.50 + 932.94 ug
kg_] (min. 381.78, max. 4298.27), and Cu (copper) was ob-
tained as 17,450.42 £ 21,575.00 pg kgf1 (min. 2645.75, max.
138246.03).

The findings of 40 female students obtained from the study
and reported that they do not smoke are re-evaluated accord-
ing to their smoking habits and the findings obtained from the
hair analysis are given in Table 4.

As a result of the analysis, the results of the hair analysis of
the students who had smokers in their families are as follows:
Cd (198.43 ug kg "), Pb (1582.89 ug kg '), Ni (1842.19 pg
kg "), Co (765.38 pg kg "), As (31.73 ug kg ), Al
(14,676.76 ng kg "), Zn (680,692.08 pg kg '), Na
(228,978.70 ng kg™ "), Se (622.69 ug kg '), and Fe
(19,262.30 pg.kg '). The mean values of Cr (211.63 g
kg ') and Ca (7,417,706.80 pug kg ') were found to be in
the family of non-smoker students (106.54 pg kg™ ';
1054.72 ug kg™ '; 1610.47 pg kg™'; 249.97 ug kg™ ';
30.54 ug kg ' 12,768.30 ug kg '; 543,265.61 ug kg™ ';
129,643.56 ug kg '; 552.98 ug kg '; 19,114.49 pg kg "
209.13 pg kg '; 5,462,946.94 pg kg !, respectively) in the
case of non-smoking students in their families, but according
to the results of the hair analysis of Cu (18,149.68 pg kg ™),
Mg (423,931.20 ug kg '), and Mn (2429.83 ugkg ') element
values compared with the other group (16,984.24 ug kg
311,120.42 pg kg '; 848.92 ug kg ', respectively) are deter-
mined to a higher rate of hair (Table 4).

The correlation coefficient matrix of the relationship be-
tween the element concentrations obtained from the hair sam-
ples of the students who smoke in their families is given in
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Table 2 Distribution of socio-

demographic and smoking status Properties

n %

of students (n = 40)
What is your mother’s education?

What is your father’s education?

Elementary education graduate 23 57.5
Secondary education graduate 13 32.5
Higher education graduate 4 10.0
Elementary education graduate 16 40.0
Secondary education graduate 15 37.5

Higher education graduate 9 22.5
What is your average monthly income? Below 1500 8 20.0
1500-2500 20 500
2500-3500 7 17.5
3500 3500 and above 5 12.5
What is your monthly allowance? 100 or less 11 275
Between 100 and 200 16  40.0
Between 200 and 300 9 22.5
300 and above 4 10.0
Are there any smokers in your family? Yes 24 60.0
No 16  40.0
What is your approach to smoking? Never drink 32 80.0
Sometimes drinkable 8 20.0
Did you get any information about the harms of smoking? Yes 40 100
No 0 0
If yes, where did you get the information? Nurse 17 425
Television 1 2.5
Teacher 11 275
Doctor 2 5.0
Other 9 22.5
What do you think is the impact of smoking on human health? = Whole body/organs 38 95.0
Some organs 1 2.5
Other 1 2.5

Table 5. When the correlation between the essential and toxic
element levels obtained from the hair samples taken from the
children of the smoker families was examined, it was deter-
mined that the elements showing the correlation between the
levels of essential and toxic elements were Ca/Cd (R = 0.86, p
< 0.01), Al/Fe (R* = 0.86, p < 0.01), Mg/Cr (R* = 0.85, p <
0.01), Na/Fe (R* = 0.82, p < 0.01), AVCd (R* = 0.77, p < 0.01),
and Al/Na (Ii’2 =0.74,p<0.01), and AI/Mg, Al/Ca, Mn/Na, Fe/
Mg, Ni/Al, Ni/Ca, Cu/Na, Zn/Cr, Mg/Ca, Mg/Cd, Fe/Cd, Cd/
Ni, Pb/Na, Al/Pb, and Fe/Pb (Table 5). However, Se and Co
elements were not significantly correlated with other elements.
The correlation coefficient matrix of the relationship be-
tween element concentrations obtained from hair samples of
non-smoker students in their families is given in Table 6.
According to Table 6, the correlation between the concen-
trations of the elements determined in the hair of 16 female
students who stated that they had not smoked and that they
had not smoked before were examined: Fe/Al (R2 =081,p<
0.01), Mn/Ca and Mg/Ca (R* = 0.80, p < 0.01), Cd/Se (R* =
0.70, p < 0.01), Se/Pb (R* = 0.62, p < 0.01), As/Co (R* = 0.54,
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p <0.05), and As/Se (R2 =0.53, p < 0.05), and no significant
correlation was found between the other elements.

Discussion

For humans, hair is one of the storage sites of living organ-
isms, such as fat tissue, which can provide information on the
accumulation of toxic and other substances in the body, and
can only be reliably stored and analyzed by hair mineral anal-
ysis and can show the accumulated amount of toxin [34].
Another feature of the hair is that these substances do not vary
daily and that the results of hair analysis are not subject to
multiple changes such as blood counts or blood/urine tests
[34]. The fact that the essential elements obtained from hair
analyzes are more or less, for example, Fe, Ca, and Zn element
concentrations, shows that there are serious problems in the
physiological structure of human beings [30, 35], including
the effects of smoking or drug use of an individual or popu-
lation. It can also be used to investigate exposure to chemical
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Table3  Results obtained from the study of the female students hair analysis of the metals in the study (ug kg™") (Na sodium, Mg magnesium, Ca calcium,
Mn manganese, Fe iron, Se selenium, Zn zinc, A/ alumina, Cu copper, As arsenic, Cd cadmium, Pb lead, Cr chrome, Co cobalt, Ni nickel) (n = 40)

Participant (K)  Na Mg Ca Mn Fe Se Zn Al

K1 91,864.87 437,032.18 4,941,733.54 537.40 18,382.34  413.25 521,124.98 6920.00
K2 90,036.97 260,317.85 6,012,996.44 450.73 18,717.30  512.74 434,557.66 13,977.58
K3 100,911.94 231,573.83 6,704,164.63 769.36 18,493.79  582.50 1,040,334.73  16,834.11
K4 79,990.06 267,964.08 6,661,800.82 556.17 12,291.34  642.65 819,738.15 7304.94
K5 47,934.08 198,234.81 5,367,552.27 111891 11,796.73 84391 449,729.11 8725.88
K6 332,753.51 222,415.39 6,917,172.30 2363.02 16,941.78  542.20 1,605,235.12  7119.27
K7 854,407.22 296,699.45 6,656,207.70 2110.44 27,10536  685.69 464,670.20 21,132.42
K8 802,304.65 433,419.82 6,725,229.41 995.35 40,528.07  573.36 516,527.74 39,646.17
K9 205,584.69 99,902.77 2,835,346.85 1374.74 10,711.38  340.26 193,443.14 7435.40
K10 606,488.88 675,851.21 20,352,833.51 1359.18 40,495.53  249.77 158,686.21 58,204.80
K11 133,251.79 751,565.01 8,260,698.25 519.54 21,61590  916.34 3,197,92485  12,964.29
K12 178,002.38 255,334.12 4,837,049.82 1021.07 19,714.92  600.02 378,834.45 16,119.80
K13 524,929.94 541,319.27 5,788,697.89 2545.15 34,464.16  728.20 464,998.93 26,692.69
K14 88,463.84 240,166.85 6,144,452.93 217.65 9497.45 649.46 347,503.07 6036.14
K15 177,296.60 235,780.89 5,765,176.56 481.63 15,67539  675.28 1,066,065.13  15,537.63
K16 294,957.41 276,468.06 9,036,324.59 758.20 20,621.25 52932 140,951.77 19,374.27
K17 35,254.16 252,811.33 8,525,351.24 470.96 14,750.69  608.13 735,532.51 9068.00
K18 134,988.43 267,912.28 9,247,386.18 537.34 14,411.30  643.31 954,860.85 12,542.17
K19 36,491.41 222,552.82 9,251,174.44 280.05 11,27427  455.56 178,430.88 8911.81
K20 167,989.25 261,205.30 7,937,453.91 520.68 14,248.53  511.49 541,742.41 7197.03
K21 73,826.86 345,095.76 8,653,445.27 322.92 12,529.35  816.58 360,728.54 9991.88
K22 123,127.83 239,124.81 7,394,684.59 385.34 21,32453  789.67 1,272,539.38  6975.64
K23 65,841.40 185,922.80 5,525,375.03 124.87 9671.87 910.38 313,815.77 4507.67
K24 248,790.64 268,219.36 8,482,654.99 553.48 27,031.93 72438 178,634.38 9022.59
K25 305,078.91 404,924.46 6,951,779.04 706.39 12,953.95  418.88 657,943.37 10,468.28
K26 69,025.71 395,976.78 1,882,126.67 327.96 14,207.69  486.85 183,420.02 8258.15
K27 124,156.28 392,350.39 6,851,525.75 409.43 12,411.22  485.89 458,044.39 8192.09
K28 81,801.76 226,617.90 6,255973.17 1058.21 33,123.18  1275.09 767,636.14 28,764.68
K29 144,524.75 185,767.58 3,244,899.81 44421 25,717.01  581.28 880,314.27 9161.81
K30 102,134.39 1,082,110.46  6,160,851.60 7080.39 18,981.87  579.70 340,442.16 8354.43
K31 404,036.36 2,124364.96  11,438,699.30  10,140.57  26,302.63  491.19 442.616.78 21,571.21
K32 186,308.27 430,517.46 4,848,726.39 832.83 24,619.07 53233 438,281.04 14,483.27
K33 139,725.11 310,210.06 2,040,814.16 659.75 15,890.48  631.27 630,242.45 6094.32
K34 76,251.17 188,793.86 5,293,745.00 480.82 17,932.27 71934 504,338.49 15,648.97
K35 68,692.42 249,695.00 8,569,403.63 5420.40 19,896.14  572.82 895,133.06 15,225,98
K36 59,432.05 344,402.08 9,096,757.18 8301.61 11,874.80  622.61 233,523.13 7808,72
K37 246,270.03 124,272.06 3,658,665.22 1708.00 32,138.03  356.69 164,851.00 31,137.22
K38 24,779.02 139,379.45 4,122,692.15 212.17 10,938.87  433.11 1,124,794.04  7925.83
K39 21,980.08 73,076.59 3,475,490.88 440.97 8410.46 215.33 292,085.68 6458.03
K40 20,100.62 110,440.04 3,515,001.09 653.58 20,43422 44525 678,583,80 4739.88
Mean 189,244.64 356,244.73 6,635,802.86 1481.29 19,203.18  594.80 625,721.49 13,913.38
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Table 3 (continued)

Participant (K) Cu As Cd

K1 6027.55 47.06 48.93
K2 15,100.09 31.93 42.08
K3 16,160.90 30.71 97.55
K4 2645.75 30.12 49.05
K5 18,973.21 39.68 40.73
K6 8448.58 35.08 99.71
K7 43,711.01 39.03 124.01
KH 28,696.13 44.53 77.00
K9 9195.34 11.05 89.93
K10 23,643.19 29.87 2929.55
K11 10,387.78 36.32 387.03
K12 10,928.85 35.74 92.72
K13 16,115.97 40.78 143.72
K14 19,250.87 35.76 41.38
K15 16,209.97 25.24 71.69
K16 27,440.87 25.57 54.68
K17 6863.31 31.08 51.17
K18 4019.60 26.06 56.76
K19 14,610.10 29.38 39.35
K20 8058.09 26.85 33.76
K21 24,308.80 24.96 60.62
K22 36,469.94 24.93 5543
K23 26,456.82 29.65 41.11
K24 13,899.05 30.25 3447
K25 8522.96 31.78 315.72
K26 13,772.37 42.82 32.29
K27 3057.98 30.87 51.14
K28 15,886.62 39.80 461.75
K29 12,281.95 42.18 54.95
K30 9999.88 32.85 73.02
K31 11,262.83 28.66 105.97
K32 10,911.63 34.66 91.08
K33 138,246.03 47.95 9247
K34 18,497.09 59.95 66.22
K35 8002.35 27,18 105,60
K36 15,177.94 23,45 78,58
K37 10,486.41 15.93 41.37
K38 3544.37 8.28 103.04
K39 8027.24 10.81 14.21
K40 2717.25 11.42 17.30
Mean 17,450.42 31.26 161.68

Pb Cr Co Ni
1274.87 162.23 28.95 1444.42
975.02 131.97 145.93 790.45
1854.76 160.24 90.11 2456.54
1264.66 142.72 42.14 1629.69
964.82 118.15 1492.39 1686.45
1673.14 131.69 123.77 2005.87
2380.82 226.59 63.96 3035.85
2037.40 252.25 87.37 1403.16
1138.52 112.64 54.21 762.67
3460.82 413.94 285.48 4298.27
1383.55 917.29 113.50 2191.99
874.89 206.43 6403.53 3437.54
3091.60 435.69 156.93 1588.49
1217.83 168.11 43.77 906.19
3837.42 198.43 56.11 1881.24
1048.24 277.37 257.86 1227.61
1192.69 97.42 71.93 1570.63
1861.51 108.62 1084.71 3404.55
843.54 123.84 48.27 2841.23
835.75 160.54 7264.96 1065.14
1419.21 110.84 346.07 944.18
1884.14 164.58 52.82 1784.27
954.04 75.66 23.66 1474.35
520.15 181.80 30.61 381.78
1029.77 136.15 51.89 1416.05
584.86 170.79 28.26 1057.87
1496.08 111.79 72.83 3109.22
2329.77 376.45 113.82 2069.67
704.33 1084.24 438.58 721.02
417.41 111.83 129.16 1923.15
1097.49 215.97 138.89 1265.07
787.63 209.85 42.98 1134.15
1397.34 126.58 3345 558.92
1416.49 150.05 2057.51 1289.89
787,92 119,51 82,85 2011,83
605,47 104,59 629,45 2050,24
770.77 198.47 35.48 598.78
1397.90 57.07 21.91 3076.64
- 74.09 108.02 540.78
997.53 98.67 14.38 2944.20
1379.75 210.63 559.21 1749.50

contaminants, particularly toxic metals [21]. In a study,
Ghoochani et al. [36] examined the relationship between diet
and cadmium in non-smoking adults in Tehran, and no corre-
lation was found between acute and chronic. However, they
found that low serum ferritin increased blood cadmium levels.

In heavy metal analyzes performed in hair samples, the
contents of the trace metal may generally increase due to the
consumption of contaminated water and nutrients, and other
non-smokers have shown that the concentration of metal is
less than metal concentration [37], approximately 4-fold in
terms of level of non-smokers and 2.5-fold in Pb-level care.
It has been reported 3 times higher [38]. At the same time, the
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gender factor was the most important variable affecting the
Cd, Zn, and Pb content in the hair [39] and the Ca/Mg and
Zn/Cu ratios were significantly correlated with age, race,
sex, and smoking habits [40]. However, when the metal
concentrations obtained from the 40 female students who
were not smoking were compared with the normal refer-
ence range values in the hair [5] (Table 7), it was deter-
mined that the Mg, Cr, Co, and Zn element concentrations
were slightly higher than the normal range. It is thought
that more than half of the students included in the average
were contaminated by passive smoking of Cd members due
to smoking.
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Table 4 Average, maximum, and minimum element values (ug kg ") and distribution of their families according to their smoking habits (1 = 40)

Element Cigarette smoking students in the family Non-smoking students in the family
N Mean Min—max N Mean Min—max
Na 24 228,978.70 35,254.16-854,407.22 16 129,643.56 20,100.62-404,036.36
Mg 24 311,120.42 99,902.77-751,565.01 16 423,931.20 212.17-10,140.57
Al 24 14,676.76 4507.67-58,204.80 16 12,768.30 4739.88-31,137.22
Cr 24 211.63 75.66-917.29 16 209.13 57.07-1084.24
Mn 24 848.92 124.87-2545.15 16 2429.83 212.17-10,140.57
Fe 24 19,262.30 9497.45-40,528.07 16 19,114.49 8410.46-33,123.18
Co 24 765.38 23.66-7264.96 16 249.97 14.38-2057.51
Ni 24 1842.19 381.78-4298.27 16 1610.47 540.78-3109.22
Cu 24 16,984.24 2645.75-43,711.01 16 18,149.68 2717.25-138,246.03
Zn 24 680,692.08 140,951.77-3,197,924.85 16 543,265.61 164,851.00-1,124,794.04
As 24 31.73 11.05-47.06 16 30.54 8.28-59.95
Se 24 622.69 249.77-916.34 16 552.98 215.33-1275.09
Cd 24 198.43 33.76-2929.55 16 106.54 14.21-461.75
Pb 24 1582.89 520.15-3837.42 16 1054.72 417.41-2329.77
Ca 24 7,417,706.80 2,835,346.85-20,352,833.51 16 5,462,946.94 1,882,126.67-11,438,699.30

In addition to toxic elements that can be removed from
smoke during smoking, passive smoking plays an important
role in the exposure of children to toxic heavy metals [41].
Inhalation of cadmium-containing tobacco smoke is a pre-
dominant source of cadmium exposure [42], and children
are more susceptible to the effects of toxic elements such as
Pb than adults, especially [41].

Table 5 The relationship between essential and toxic element
concentrations obtained from hair samples of students who smoke in
their families is shown in the Pearson correlation sig. (2-tailed) coefficient

Studies showed that the levels of Cu, Cd, and Pb were
significantly higher in the smokers’ hair [20, 43] and increased
Cd and Pb levels in the hair due to increased number of
smokers in the home [43, 44]. Similar to Serdar et al.
(2012)’s study of 1-6-year-old children, parents of children
who smoke are smokers; Cd, Pb, Cr, Sb, Fe, and Al concen-
trations of the parents of smokers are significantly higher than

matrix (Na sodium, Mg magnesium, Ca calcium, Mn manganese, Fe iron,
Se selenium, Zn zinc, Al aluminum, As arsenic, Cd cadmium, Pb lead, Cr
chrome, Co cobalt, Ni nickel; n = 24)

Mg Al Ca Cr Mn Fe Co
Na 0387 07377 0261 0275 0.674" 08207 —0.099
Mg 0.615" 05277 0852 0.188 0.658" —0.118
Al 0.659” 038 0382 0857 —0.082
Ca 0281 —0012 0461° -0.073
Cr 0.186  0.470° —0.072
Mn 0479 —0.034
Fe -0.111
Co
Ni
Cu
/n
As
Se
Cd

Ni Cu Zn As Se Cd Pb
0283 0.529™ —0.136 0334 —0206 0363 0532
0318  0.039 0404 0433" 0012 058" 0414
0.502° 0338 —0.159 0220 -038 07737 0635
052" 0.139  —0.049 —0.085 —0320 0859 0342
0225 0031 06317 0257  0.193 0.355 0.280
0252 0.137 0000 0263 —0178 0.192 0425
0289 0375 —0028 0407 -0.19 05347 0529
0.143 —0239 -0.107 -0.019 -0.08 —0.065 -0.267

0.081  0.137  0.124 —0213 05617 0.440"

-0.202  0.086 0.244 0.132 0.277

0.116 0402 -0.071  0.128
0.163 —0028 0075
-0432" -0.107

0.487"

*Correlation is important at 0.05 (2-tailed)
**Correlation is important at the level of 0.01 (2-tailed)
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Table 6 The relationship between trace element concentrations
obtained from hair samples belonging to those students whose families
are not smokers, the Pearson correlation sig. (2-tailed) coefficient matrix

(Na sodium, Mg magnesium, Ca calcium, Mn manganese, Fe iron, Se
selenium, Zn zinc, A/ aluminum, As arsenic, Cd cadmium, Pb lead, Cr
chrome, Co cobalt, Ni nickel; n = 16)

Mg Al Ca Cr Mn Fe Co Ni Cu Zn As Se Cd Pb

Na 0339 0453 0433 0141 0339 0397 —0.151 -0367 0039 -0.179 0129 -0.132 0211 —0.083
Mg 0.154 0791 —0.146 1.000%* 0.117 —0.006 0.061 —0.115 —0246 -0.114 0.037 —0.048 —0.358
Al 0278  0.127 0154 08117 0.048 —0220 -—0.163 —0.108 0081 0414 0449 0334
Ca -0.163 0791 0.095 0.09 0296 -0325 —0.008 -0070 0.169 0280  0.027
Cr —0.146 0467 008  —0319 —0.049 0288 0324 0256  0.094  —0.043
Mn 0.117  —0.006 0.061 —0.115 —0246 -0.114 0.037 —0.048 —0.358
Fe -0.054 —0219 —0.067 0038 0174 0481 0329  0.180
Co —0.114 —0.027 —0.071 0.544" 0241  —0.109 0.101
Ni -0388 0402 -0356 0.150 0115 0315
Cu 0.037 0415  0.168  0.005  0.196
Zn -0.045 0263 0344 0423
As 0.533° 0206  0.186
Se 0.701"  0.617
cd 0.635

**Correlation is important at the level of 0.01 (2-tailed)
*Correlation is important at 0.05 (2-tailed)

the non-smokers; also, with the frequency of smoking at
home, a positive correlation was found between Cd, Cu, Ni,
and Sb levels, and this correlation between smoking the status
of family members and the toxic trace element levels in hair
was more significant with Pb and Cd levels [45]. In fact, in this
study carried out on the adolescents in Sinop Province, similar
to their families, in those students whose families are cigarette

Table 7 The mean values of the elements detected in the hair of non-
smoking girls (mg kg ') compared with the normal element concentration
in human hair (n = 40)

Normal concentration in
human hair (mg kg ")

Average concentration of
students’ hair (mg kg ')

Na 189.24 50-1000%*
Mg 356.24 60-160*
Al 14 < 50.0%*

Cr 0.21 0.10-1.50%*
Mn 1.48 0.2-2.00%*
Fe 19.2 5.0-30*
Co 0.6 0.01-0.20%*
Cu 17.45 10-100%*
Zn 625 160-240*
As 0.03 < 1.00%*

Se 0.6 0.40-2.00%*
Cd 0.16 <0.10%

Pb 1.38 <2.00%
Ca 6636 200-2800%*

*Reference range from Serdar et al. 2012 [5]
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users, in the results of the hair analysis of Cd, Pb, Ni, Co, As,
Al, Zn, Na, Se, Fe, Cr, and Ca in terms of the average values of
elements, it was found that the students were higher than the
average of hair analysis (Table 4).

The assessment of the toxic effects of lead and cadmium in
individuals with contaminated environments is mainly based
on the concentrations of toxic metals in the hair. Mehra and
Thakur [46] analyzed the hair of men working in a workplace
where recycling metals were processed, and it showed the
strongest positive correlation (p < 0.05) Mn/Cd, Mn/Pb, Mn/
Fe, Cd/Pb, Cd/Fe, and Pb/Fe metals according to the Pearson
correlation analysis.

As a result of this research conducted with the adolescents
of Sinop Province, the elements showed significant and
highest positive correlation in the hair samples taken from
the children of the smoker families between Ca/Cd, Al/Fe,
Mg/Cr, Na/Fe, Al/Cd, and Al/Na, respectively, and Al/Mg,
Al/Ca, Mn/Na, Fe/Mg, Ni/Al, Ni/Ca, Cu/Na, Zn/Cr, Mg/Ca,
Mg/Cd, Fe/Cd, Cd/Ni, Pb/Na, Al/Pb, and Fe/Pb (Table 5),
sand this study was similar to the results of Mehra and
Thakur [46].

Health education is one of the most important roles and
responsibilities of the nurse [47]. Health education for adoles-
cents is one of the most important roles and responsibilities of
pediatric nursing [48]. Adolescent is a very long period of
development between childhood and adulthood. Especially
during these periods, adolescents experiencing pubertal
changes, be in physical, emotional, and social changes, have
an active role in their lives and also try to transition to adult
personality by breaking off from childhood personality [49].
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In these processes, adolescents may also face smoking as a
risky behavior. For this reason, nurses may carry out studies to
prevent smoking. Panels, conferences, studies based on
schools, and systematic education planning with parents on
this issue may be among the studies that prevent smoking. In
addition, studies to quit smoking for smoking adolescents may
be given weight. These studies may include giving informa-
tion about the health hazards of smoking, what can be done for
smoking cessation, and training to encourage parents to quit if
they are smokers [49].

Conclusions

As a result of the research, it was determined that cadmium,
cobalt, zinc, and chromium, especially heavy metals, in the
hair analysis of smoking adolescents in their families were
slightly higher than the required reference range values of
healthy individuals. As seen in the research findings, adoles-
cents without active smoking are also unaware of exposure to
passive cigarette smoke. This situation is a problem that
threatens public health and adolescent/child health.
Therefore, one of the most important ways to overcome this
problem is to give effective education. This training, which
should be given by health professionals, should include the
harms of active and passive smoking. In addition, in these
trainings, it is revealed that heavy metal and toxic elements
in the air with the smoke in the indoor environment have the
possibility of settling all usage goods and environment in high
concentration and consequently cause negative effect on the
health of adolescents by passive smoking.
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