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A bstract: In the paper the research of the contents of the elements in traces from the hair of various popu-
lation groups in the town of Kavadarci are presented. They are determined by application of the methods ICP-AES
and ICP-MS in untreated (non-washed) and treated (washed) hair. The research of the presence of the elements in
traces in non-washed and washed hair are made in order to obtain results which refer to the aero pollution in the town
of Kavadarci. The following concentrations of elements in traces (average values in ppm) in washed hair are ob-
tained: (Li — 0.109; Be — 0.002; B — 2.3; Na — 35; Mg — 24; Al — 14; P — 116; K —33; Ca—274; Ti— 1.14;, V —
0.0.59; Cr—0.31; Mn — 0.50; Fe — 18; Co — 0.02; Ni — 0.78; Cu—8.1; Zn — 133; Ga — 0.04; Ge — 0.03; As — 0.053; Sr
—0.51; Mo — 0.052; Pd — 0.004; Ag — 0.043; Cd — 0.036; Sn — 0.136; Sb —0.031; Ba — 0.60; T1 - 0.002; Pb — 1.09; Bi
—0.005; Th — 0.005; U — 0.011); in non-washed hair: (Li — 0.196; Be — 0.009; B — 94.7; Na — 1657; Mg — 347; Al —
314;P-164; K -912; Ca—1793; Ti— 17.7; V—-0.47; Cr — 1.73; Mn — 18; Fe — 164; Co — 0.218; Ni — 12.4; Cu — 13;
Zn —269; Ga—0.55; Ge — 0.097; As — 0.22; Sr—4.6; Mo — 0.21; Pd — 0.012; Ag —0.106; Cd — 0.129; Sn — 1.04; Sb —
0.149; Ba—6.9; T 1- 0.007; Pb — 4.0; Bi — 0.029; Th — 0.062; U — 0.047). From the presented results it could be con-
cluded that the contents of the elements in traces in non-washed hair is exceptionally high compared to the contents
of elements in traces in washed hair. This increases in the concentration of elements in traces in non-washed/washed
hair are in the interval of 1.6-47.3 times depending on the element. From the conducted research it could be con-
cluded that the aero pollution in the town of Kavadarci has a great impact over the concentration of elements in traces
in non-washed hair in the various population groups in the town of Kavadarci.
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INTRODUCTION

Studies on the content of trace elements in the
hair of people have started long ago as a result of
the findings of the possibility of concentration of
certain toxic elements in it (Althausen, 1929).
However, it must be said that there are many con-
flicting opinions concerning the correlation of the
concentration of toxic metals in the hair with cer-
tain metabolic disorders in the human body (Le-
Clair, 2001; Druyan et al., 1998). It has to be
known that the content of trace elements in the hair
of people basically reflects a larger period of time
in terms of the concentration of trace elements in
human blood or urine that reflects current state of
the human organism. Because this research made
the concentration of trace elements in hair of dif-
ferent population groups, the city is used in order
to draw conclusions concerning the state of air pol-
lution concern due to anthropogenic sources. In
literature one can find a growing number of infor-
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mations concerning the contents of the elements in
traces in the hair of people with specific method
ICP-MS.

The city of Kavadarci is located in the coun-
try near the river of Vardar. The city has about
40,000 residents and the population is mainly en-
gaged in agricultural activities (grape production)
and also adjacent to the town are several large in-
dustrial facilities (metallurgy of nickel and iron
processing industry). Near the city is located the
waste area that is not built in accordance with the
standards for construction of such facilities. The
population of the city during the winter season
mainly heated their homes by burning wood or
coal. During the spring, summer and autumn, dur-
ing the cultivation of crops, the people use a large
amount of plant protection products. The intensity
of the city traffic in Kavadarci is very large with
numerous vehicles.
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METHODOLOGY

100 samples are collected from various popu-
lation groups from the inhabitants living in the
town according to the net (Fig. 1). In collecting the
samples, they are packed in plastic bags and sub-
mitted to the lab for ICP-AES u ICP-MS.

For the collection of the samples scissors are
used previously cleaned with ethyl alcohol with
cleanness p.a.

Small topknots hair is taken from the internal
thickness close to the top of the head.

Dissolve of samples of hair

Principle

For the objectives for determination of the
atmospheric contamination, the samples of hair are
not previously elaborated. In order to dissolve the
organic matter in the hair samples, they are dis-
solved with H,O, and HNO; acid. After the va-
porization to wet salts, the residue is dissolved in
nitrogen acid. In order to minimize the danger
from splashing due to the raging oxidation of the
organic matters with the hydrogen peroxide, the
samples are elaborated few times in smaller por-
tions of the reagents.

Reagents

Water, with level of cleanness 2 according to
ISO 3696.

H,0,, trace select, for trace analysis,
w > 30%, Fluka.

HNO;, trace select, for trace analysis,
w > 69%, Fluka.

Glasses with capacity of 400 ml. After the us-
age the glasses are swamped in diluted nitrogen
acid and they are put on a warm hot plate, and af-
terwards they are washed with re-distilled water.

Electrical hot plate with thermostat for tem-
perature control of £10°C.

Digester
Measures of 50 ml.

Dissolve of samples of hair
for determination of the biological concentration
of the determined elements

Principle

For determination of the concentration of the
determined elements in the hair as a result of the
metabolitic processes, the samples are previously
elaborated by washing with solution of Triton X-
100, in order to be removed the examined elements

present in the examined samples as a result of the
external influences. In order to dissolve the organic
matter in the hair samples, they are dissolved with
H,0, and HNOs; acid. After the vaporization to wet
salts, the residue is dissolved in nitrogen acid. In
order to minimize the danger from splashing due to
the raging oxidation of the organic matters with the
hydrogen peroxide, the samples are elaborated few
times in smaller portions of the reagents.

Reagents

Water, with cleanness level 2 according to
ISO 3696.

Triton X-100, w>70%, Sigma Aldrich.

H,0,, trace select, for trace analysis, w>30%,
Fluka.

HNO;, trace select, for trace analysis, w>69 %,
Fluka.

Glasses with capacity of 400 ml. After the us-
age the glasses are swamped in diluted nitrogen
acid and they are put on a warm hot plate, and af-
terwards they are washed with re-distilled water.

Mixer, Vibramix.

Electrical hot plate with thermostate for tem-
perature control of £100°C.

Digestor

Measures of 50 ml.

Washing the samples of hair for removal
of the present elements as a result
of the external influence

Procedure

1.0 g sample is washed with 0.05 % dissolve
of Triton X-100, p.a., in three equal portions of 50
ml dissolve for washing. After adding each portion
for washing, in order to wash the sample with the
solution it is put on a mixer for % hour with a
speed of 400 rpm. Before adding a new portion on
the solution for washing the previous portion is
decanted with a glass cane. After the washing of
the samples of hair with the added 50 ml dissolve
for washing, the samples are washed with total of
100 ml re-distilled water, given in three portions
with mixing after each added portion in time of 30
minutes and speed of 400 rpm.

The washed samples are dried in dryer on
80°C to a constant mass.
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Dissolve of hair for determination
of the total content of determined elements

Exact 0.5 g is measured on an analytical
scale, from the sample of hair in glasses of 400 ml.
The glasses are covered with watch glass and 5 ml
nitrogen acid and 5 ml hyrdogen peroxid is added,
then it is burned on electric hot plate on 150°C un-
til the reaction starts. Afterwards, the glasses are
removed from the hot plate, and when the reaction
ends, they are brought back to the hot plate and
warmed to wet salts. The procedure is repeated for
three times in order to provide complete dissolve
of the samples. 2.5 ml nitrogen acid and around 5

liters water is added to the cold glasses with the
samples after the third digestion, in order to allevi-
ate the dissolve of the dissolved nitrogen salts. Fi-
nally the clear solution is put in measure of 50 ml,
the measure is filled to the calibration line and it is
mixed. The residue of the solid sample indicates
uncompleted dissolve.

Determination of trace elements

For determination of the examined elements
Na, K, Ca, Mg the analytical method ICP-AES is
applied.

Instrument and instrumental conditions

Conditions for AES-ICP, Liberty 110, Varian

Sample introduction

Atomizer
Atomizer chamber

Peristaltic pump

V-groove
Inert Sturman—Masters

12 rollers, 1 turn/min increment

Conditions for the program

Power of the plasma
Speed of the pump/rpm
Flow of Ar for plasma
Time for stabilization
Flow of axial Ar

Time for washing
Pressure of the atomizer
Time of lagging
Correction of fon

Height of the plasma

1,0 kW
25

15 I/min
30s

1.5 I/min
30s

200 kPa
30s
Dynamic

Optimal according to SBR

Conditions of elements

Element Wave lenght/nm Height of plasma/mm  Slit/nm  Time for integration/s  Filter Line of grating

Ca 396.847 20 0,02 5 1 1
Mg 279.553 20 0.02 6 2
Na 588.995 20 0.02 5 7 1
P 213.618 5 0.007 5 1 3
Fe 259.94 5 0.01 5 6 2
K 766.49 20 0.02 5 7 1

As, Sr, Mo, Pd, Ag, Cd, Sn, Sb, Cs, Ba, TI, Pb, Bi,
Th, Uthel CP-MS is applied as analytical method.

For determination of the examined elements,
Li, Be, B, Al, Ti, V, Cr, Mn, Co, Ni, Cu, Z, Ga, Ge,
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Instrument and instrumental conditions

Conditions for ICP-MS, 7500, Agilent

Sample introduction

Atomizer
Atomizer chamber
Injector of ICP torch

PEEK, Babington-type
Glass, doublepass, temperature of the automizer chamber 2°C
Quartz, 2.5 mm

Conditions of the program

Power of the plasma 1500 W
Speed of the pump/rpm 0.1 rps
Aux flow of Ar for plasma 1.0 I/min
Carrier gas flow Ar 0.9 /min
Sampler cone nickel
Skimmer cone nickel
Sample depth 7.4
Points/mass 3
Time for integration 03s
Total time for acquisition / replicates 8s
Replicates 3
Total time for acquisition / sample 24s
Element/mass
Element m/z Element m/z
Li As 75
Be Sr 88
Al 27 Mo 95
Ti 48 Pd 106
v 51 Cd 111
Cr 53 Cs 133
Mn 55 Ba 137
Co 59 T1 205
Ni 60 Pb 208
Cu 63 Bi 209
Zn 66 Th 232
Ga 69 U 238
Ge 72 Sn 120
Sb 121
RESULTS AND DISCUSSION

The obtained results of determining the pres-
ence of trace elements in hair of different popula-
tion group is shown in the two tables. Table 1
shows the results of trace elements in hair samples
that have not previously been treated (non-
washed), and Table 2 shows the results of the con-
tent of trace elements in hair samples previously
treated (washed). Table 3 shows a comparison of

the amounts of trace elements in washed and non-
washed, and on the basis of the results it can be
concluded that there are increased concentrations
of trace elements in non-washed hair compared to
the washed hair. However in terms of anthropo-
genic sources of certain groups of trace elements
the following could be concluded:
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Table 3

Medium values of the trace elements in washed
and unwashed specimens of hair
and coeficient of enrichment

Elements Washed hair ~ Unwashed hair ~ Coeficient
(ppm) (ppm) of enrichment
Li 0.109 0.196 1.79
Be 0.002 0.009 4.5
B 2.3 94.1 40.9
Na 35 1657 473
Mg 24 347 144
Al 14 314 22.4
P 116 164 1.41
33 912 27.6
Ca 27.4 1793 65.6
Ti 1.14 17.7 15.5
\Y% 0.059 0.47 7.9
Cr 0.31 1.73 5.5
Mn 0.50 18 36
Fe 18 164 9.1
Co 0.02 0.218 10.9
Ni 0.78 124 15.8
Cu 8.1 13 1.6
Zn 133 269 2.0
Ga 0.04 0.55 13.7
Ge 0.03 0.097 32
As 0.053 0.22 4.1
Sr 0.51 4.6 9.2
Mo 0.052 0.21 4.0
Pd 0.004 0.012 3.0
Ag 0.043 0.106 2.4
Cd 0.036 0.129 3.5
Sn 0.136 1.04 7.6
Sb 0.031 0.149 4.8
Ba 0.60 6.9 11.5
Tl 0.002 0.007 35
Pb 1.09 4.0 3.6
Bi 0.005 0.029 5.8
Th 0.005 0.062 12.4
U 0.011 0.047 42

— The group of elements Na, Mg, Al, K, Ca,
Li, Be, Ba, Sr, P, basically has increased concen-
tration in non-washed hair due to the characteris-
tics of urban dust. Determining the composition of
urban dust, the city and its surroundings (Boev B.
etal., 2012; Boev L. et al., 2013) show that in urban
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dust as mineral phases the feldspates, plagiocla-
sites, carbonates are present. The spatial distribu-
tion of these elements is shown in Figs. 2, 3, 4, 5.
6,7,8,9, 10, 11. Displayed maps of the distribu-
tion may be stated that the distribution of these
elements in the city is almost homogeneous with
exception of the distribution of At, Ba, Be, which
shows concentrations in the southern parts of the
city directly under Vitacevo plateau which is built
on the volcanic material containing greater
amounts of these elements.

—The group of elements U, Th, Ga, Ge,
shows homogenic distribution regarding the spatial
widespread (Figs.12, 13, 14, 15).

— The group of elements such as Ni, Cr, Fe,
Co, Mn, has hugely increases in non-washed hair
compared to the washed. This increase is essen-
tially due to the great aero pollution with PM-10
particles containing higher concentrations of these
elements (Battlefield et al., 2013; Baceva et al.,
2011). This increase in the concentration of these
elements in non-washed hair is a result of in-
creased emissions of PM—10 particles from metal-
lurgical facility. The spatial distribution of these
elements is shown in Figs. 16, 17, 18, 19, 20. The
spatial distribution of Ni (Fig. 16) clearly shows
direction of the emitted dust from metallurgical
facility in the city. The dust enters the city from the
western part of the city between the hills Ljuba
diggers.

— The group of elements Tl, Pb, Cu, has in-
creased concentrations in non-washed hair and
their spatial distribution shows high correlation
with the movement of particles emitted during the
burning of landfill waste (Figs. 21, 22, 23). It
should be noted that a large amount of smoke with
particles from the combustion of landfill waste en-
tering the city from the west side of the area where
the landfill is located.

— The group of elements B, Zn, As, Mo, Cd,
Bi, Sb, shows homeogenic distribution and their
presence can also be connected with the use of the
means of plant protection (Figs. 24, 25, 26, 27, 28,
29, 30). Its hould be mentioned that the concentra-
tion of B is extremely high in the northern part of
the city and it can be explained by the increased
concentration of this element in the soil of this part
(Stafilov et al., 2008).

— The group of elements Sn, Ti, V, Pd, Ag,
has increased concentrations in non-washed hair as
a result of emissions of solid particles in metal in-
dustry and metal processing. The distribution of
these elements is shown in Figs. 31, 32, 33, 34, 35,
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where it is interesting to mention Fig. 31 which
shows that the highest concentration of tin is ex-
actly in the place where the industry and process-

ing of metals is. The determination of the phase
composition of PM-10 (Battlefield et al., 2013)
shows that there are also remains of these metals.

CONCLUSION

Researches made on the representation of
trace elements using the methods of ICP-AES and
ICP-MS in samples of hair of different population
groups in the city of Kavadarci (Republic of Ma-
cedonia) show enormously increased concentra-
tions of trace elements in samples that are un-
treated (non-washed) in respect of hair samples
treated (washed). These increases have ranged be-

tween 1.6-47.3 times depending on the item. This
increased concentration of trace elements in non-
washed hair samples basically indicates the great
aero-pollution in the city which is the result of
multiple anthropogenic sources such as: work on
the metallurgy, incineration of landfill waste, work
of the processing industry of metals, use of funds
for plant protection and intensive traffic.
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Pesume

COJAP’KUHA HA EJIEMEHTH BO TPAI'I BO KOCATA
O PA3JIMYHU ITONTYJAINUCKHU I'PYIIN BO 'PAIOT KABAJJAPII
KAKO HHIUKATOP HA AEPO3AT'AJIEHOCT
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Kuayunu 360poBu: Koca; eneMeHTH Bo Tparu; KaBamapiy; reoxemuja

HctpaxyBamara HalpaBeHH CO IPHMEHA Ha METOAUTE
ICP-AES u ICP-MS Ha 3acTaneHocTa Ha €JIEMEHTH BO Tpark
BO IIPHMEPOLM KOCAa Ha Pa3IM4HU MOIYJNALUCKH TPYNU Ol
rpanor KaBamapru (Peny0Oinka MakenoHuja) MmokaxyBaat
€HOPMHO IOTOJIEMH KOHIIEHTPAIMU Ha €IEeMEHTUTE BO Tparu
BO IIPUMEPOLIUTE KO C€ HETPETUPAHU (HEMHUEHH) BO OJTHOC Ha
MPUMEPOLUTE Of Koca KoM ce TpeTupanu (mueHm). OBHe
3rojieMyBama ce JIBIKaT BO HHTEPBAJIOT ox 1,6 mo 47,3 matu

BO 3aBHCHOCT 0 eleMeHTOT. OBaa 3rojieMeHa KOHIIEHTpaIHja
Ha eJIEMEHTHTE BO Tparu BO PUMEPOLUTE O HEMHUeHaTa Koca
BO OCHOBA YKa)KyBa Ha rojieMara acpo3araiieHoCT BO IpajoT
KaBapnapuu, koja e pe3yJTaT Ha NOBEke aHTPOIOICHH H3BOPU
Kako LITO ce: paboTa Ha MeTalyprujara, ropembeTo Ha OTHaI0T
Ha JICTIOHHjaTa 3a 0Tnaj, paboTaTa Ha HHAYCTpHjaTa 3a mpepa-
00TKa Ha MeTanu, yrmorpedara Ha cpelcTBaTa 3a 3allITUTa Ha
pacteHmjaTta, Kako 1 HHTEH3UBHHOT COO0paKaj.
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Table 1
Concentration of trace elements in washed hair in town of Kavadarci (mg/kg)

SHUNW | Li | Be B Na [Mg| Al [P |Kl|Ca |Ti|V |Cr|{Mn|Fe| Co | Ni [CujZn|Ga| Ge |As| Sr {Mo| Pd | Ag | Cd | Sn | Sb [Ba| Tl |Pb| Bi | Th | U
1 0,0800,006, 13,7 3853 168, 97 1701646 565 82 10,26 0,87 2,8 | 67 0,084 2,1 13 249 0,23 0,1020,15 1,4 0,30 0,011,0,068 0,035 0,15 0,084, 2,4 0,003 1,9 0,010 0,028,0,039
2 10,167.0,012) 62 {3226{256 222 191 1549 1299 11,6,0,49 1,31} 5,5 120,0,212} 3,5 |15 277 0,52,0,1040,19 2,9 0,7310,037,0,243/0,115} 0,46 0,100, 5,2 0,008} 2,4 :0,016/0,083 0,059
3 0,088{0,007 12,2 | 668 166, 86 (179 999 | 879 | 8,0 |0,2410,68 2,4 | 54 [0,106| 2,2 | 1213980,26 0,086i0,11 2,1 |0,5110,023,0,044 10,036} 0,20 0,073} 2,8 |0,006! 1,1 |0,009/0,039.0,076
4 ]0,114/0,004| 9,9 |1140/390| 322 |156|2541|2030|17,20,66|1,09|10,3|2450,259| 7,5 | 14|219/0,54|0,110/0,27| 4,9 |0,33/0,005/0,171|0,056| 0,45 [0,201| 6,2 |0,007| 2,5 |0,069|0,068|0,065
5 0,18310,009 6,2 2824 421 256 232/1063/1564126,5/0,52/1,93 8,0 |18410,241 4,0 | 1328410,73 0,078/0,24| 3,5 |0,4110,006/0,320/0,080! 0,33 10,178/ 9,9 |0,005| 2,0 10,013/0,06210,054
6 0,100i0,008 14 462 275 74 167 485 1254 6,4 0,20:1,98 3,8 105:0,281 7,4 |13 39410,640,075 0,66! 2,6 :0,35:0,008 0,28410,421 0,44 10,131 9,6 0,078 7,6 0,01410,022/0,053
7 017610011 9,1 | 594 441 338 166 307 2711 153:0,55 1,49 85 :177:0,268 4,6 116 265:0,50 0,107:0,21 6,6 0,37 0,007:0,063 0,069: 0,71 10,525’ 5,3 :0,006: 2,2 :0,017.0,069:0,034
8 0,214/0,013 10,7 | 559 420 352 178|372 |2110/31,4/0,72/2,18 9,8 219/0,374| 4,7 | 15/4300,59 0,097 0,25 4,2 0,40/0,009/0,126/0,080 0,40 0,223| 5,5 0,067|37,40,017 0,089 0,041
9  0,221,0,003 838 3252563 396 161 607 2703122,4 0,71 1,41 36,8 237 0,436 5,0 149 322/0,80 0,103 0,23 11,3,0,30 0,004 0,042/0,156 0,38 (0,131 8,7 0,007 4,5 0,005,0,095 0,043
10 10,2480,012, 15,2 41111394] 403 159 1873.2171,25,7/0,98 2,36,12,9/23410,339, 4,8 14,252 1,07,0,111,0,71, 5,3 10,740,015/0,3120,200; 0,41 0,165,11,7 0,010, 9,1 {0,017 0,102;0,081
11 0,175/0,009, 5,9 137681221} 230 {149 3128 1302} 5,5 0,48 1,12, 7,4 [130{0,179 2,9 13 194/0,550,099/0,28| 3,2 10,46 0,006{0,176 0,271, 0,64 0,178} 6,1 {0,006 8,1 {0,0160,055 0,035
12 0,282/0,015| 14,8 |2017|587| 507 | 138| 909 |3452|34,1/0,87|2,1619,8(297|0,410| 5,8 |13{255|1,73]0,1150,37| 6,5 |0,42/0,0110,147/0,120| 0,64 |0,170|24,1|0,008| 3,7 |0,020/0,106]0,054
13 10,385/0,020, 8,7 12721681} 735 {197 487 13696!50,611,23 3,46/18,9145210,511 7,3 141311 1,60,0,115/0,43| 8,4 10,3910,009{0,274 0,247 0,51 |0,271{19,4/0,011 4,7 {0,122/0,1720,077
14 10,209.0,010. 5,6 | 860 316 244 1140 471 :3028:18,810,59 2,291 8,8 120010,322 4,6 121291 0,70,0,106:0,22} 6,6 10,31 0,006:0,134 0,133 0,39 0,122} 7,8 10,006 4,2 0,018 0,010,064
15 10,135.0,003 4,3 541 106: 64 134 204 102432 10,10 0,25: 4,6 ' 10 10,036 0,8 13362 0,13:0,087:0,07; 2,4 0,29 0,002:0,020 0,122} 0,35 0,035 0,7 10,003 1,6 0,017 0,011:0,064
16 10,125/0,006 10,0 | 757 |269 224 145 471 1267|12,3/0,38 1,36/ 4,2 100 0,164 2,5 | 11|285 0,340,096/0,14| 2,6 0,59 0,015/0,089 0,038 0,37 0,177| 3,0 0,005 3,0 0,002 0,045 0,032
17 10,3340,019, 13,1 1798 651 793 148 789 2890652 1,26 3,97 16,0 385 0,495 7,7 17,302 1,10,0,111 0,36, 6,6 10,290,010 0,101 0,114 0,63 0,338 11,2/0,009; 3,9 0,031 0,156/0,083
18 10,12310,005, 5,6 | 479 273 156 {180 375 1077,15,0/0,35 1,11, 4,2 | 90 (0,144, 4,1 12340 1,07,0,097/0,12} 2,5 0,24 0,00410,053 0,043 0,50 0,113}13,7/0,004, 3,2 {0,008 0,0410,032
19 10,144/0,013, 4,7 129521242} 282 {156 975 1303/16,2/0,43 1,24 5,5  114/0,206, 2,8 14235 0,430,085 0,18} 2,9 10,27 0,048/0,079 0,077} 0,45 0,115} 3,7 0,014, 4,2 {0,014 0,058,0,060
20 10,239/0,013| 52 |3659|701| 436 |1971056|2642(36,6|0,84|2,63|13,7|346(0,419| 5,8 | 14(318/0,83/0,093/0,27 6,7 |0,28|0,007|0,137|0,087| 0,52 |0,149|13,5{0,011 2,7 |0,050/0,119/0,058
21 10,168/0,010) 19,2 | 677 352|246 {181 1030/1330/18,0/0,3912,50' 6,2 {1510,352} 9,7 | 121293 0,50 0,08410,26 3,1 |0,2610,006/0,064/0,114} 0,29 0,121/ 5,9 10,009} 3,7 {0,042 0,046 0,046
22 0,12310,006 7,2 | 586 1204 176 (165 607 12341 9,9 0,38 1,05 6,21 97 0,160 2,9 |13 28410,43 0,097:0,19 2,9 0,2810,004{0,051 0,060: 0,75 0,083 4,4 10,004} 2,3 10,246 0,050 0,036
23 0,247.0,011 10,0 5374:444: 380 192 4012:2302:20,3 0,67 1,85:10,8:1214.0,301° 4,5 112 263 0,64 0,108:0,24 5,8 0,25:0,005:0,074.0,084: 0,45 0,116 7,0 0,007: 2,8 :0,040.0,083:0,056
24 0,191/0,009 4,5 | 854 514|355 181 1297/2017|18,40,63 1,78 10,4/216/0,269| 5,0 | 17189 0,96 0,109/0,35 6,3 0,30/0,014/0,063/0,170| 0,39 10,148/ 11,5/0,006| 3,4 |0,016/0,092 0,154
25 0,328/0,005 130,7 3599214 218 130 528 889 3,8 0,55 2,41 2,6 | 35 0,182/150,6 58 467 0,51 0,104/0,28 2,7 0,3410,012/0,118 0,894, 0,46 0,125 6,0 0,010, 8,5 0,010 0,035 0,052
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62 L Boev, A. Sosa
SHUNW | Li | Be B {Na Mg Al |/ P KI{Ca{Ti{V CriMniFe; Co Ni CuiZn Ga Ge {As{Sr Mo Pd i Ag { Cd | Sn Sb Ba; Tl (Pb; Bi { Th | U
26 0,316:0,009: 11,5 {1760:619: 342 1199 901 :2712:22,3:0,78:3,10:29,5:2560,280; 18,9 : 20 :324:0,70:0,116i0,33: 6,2 :10,29:0,007:0,136:0,174; 1,24 10,226; 9,4 10,010; 7,8 :0,072:0,081:0,047
27 0,120:0,006; 4,3 {398 211 122 {155} 2251503 3,9 10,23:3,01; 2,8 | 71 {0,096; 1,9 {10:320:0,25:0,102;0,17: 4,4 10,27:0,004:0,058:0,052; 0,24 {0,338} 2,6 {0,006 6,5 :0,019:0,023:0,086
28 0,18210,009; 6,6 | 806 {401} 236 {187} 590 1619/12,9 0,46:2,08} 6,7 146{0,190, 3,6 | 15{341,0,61{0,112{0,20} 4,8 {0,250,004:0,098:0,049; 0,35 10,194} 8,0 {0,017} 4,0 0,053{0,054/0,044
29 0,141{0,006{ 6,2 |1313{313| 187 {144|1010{1380/19,5/0,40|1,10{ 6,2 |113]0,169| 3,1 |13|247|0,39/0,111/0,19| 4,0 {0,29/0,016{0,073{0,176| 0,50 |0,092| 5,3 |0,016| 3,4 {0,022{0,055|0,046
30 0,223:0,011; 2,8 {1062{551; 411 {155; 675 {2603:19,9:0,83:2,24:14,2:2830,373 8,7 14,204 0,94:0,118:0,38; 6,8 0,26:0,0840,059 0,072} 0,58 :0,304:10,7:0,011; 3,3 :0,017;0,096:0,041
31 0,079:0,004: 40,2 i 321 :170: 130 :153: 276 :1141: 2,8 10,20 1,68: 2,1 : 37 i0,110: 43,9 : 13 :1520:0,26:0,104:0,14: 3,0 10,25 0,008:0,041:0,052: 0,22 :0,062: 3,1 :0,006; 2,6 :0,010:0,024:0,051
32 0,195.0,013; 8,0 :1488:499 403 170 611 i2362:20,2 0,75:1,98 16,2 233:0,369 12,3  15250.0,75:0,117:0,32: 6,3 :0,24:0,008.0,082:0,325: 0,42 0,188 7,6 0,008 19,4 0,033:0,092 0,037
33 0,067/0,006/ 6,0 | 400 [134| 108 {140} 262 1032} 5,3 {0,24/0,79| 2,4 | 56 10,082 8,5 |11 316/0,240,106/0,12| 2,9 {0,16 0,003/0,077{0,057| 0,28 10,131} 3,0 10,006, 1,4 [0,025/0,023/0,033
34 0,212:0,008; 220,4 {11040:441: 347 {1191 502 {1358:11,1 0,41:1,62} 6,3 1160,203 50,8 : 14426 :0,65:0,109:0,24: 3,7 {0,21:0,011:0,177:0,125; 0,31 :0,125} 5,9 :0,008: 3,2 0,6430,061:0,047
35 0,214:0,006; 8,9 5562117 115 :107:2418; 843 { 3,1 10,27:0,90} 3,8 | 47 {0,122 12,5 {11:192:0,30:0,0990,20: 2,3 10,20:0,004:0,134:0,101; 0,36 {0,062} 3,5 0,005; 3,4 :0,031:0,023:0,033
36 0,1660,005; 6,3 {2177{180} 136 {1581328/1045} 4,0 0,28:2,03} 3,7 | 75 {0,119, 10,9 | 11{2570,37{0,099:0,19} 2,7 {0,1210,003:0,039.0,064; 0,32 |0,141} 4,4 10,004} 4,0 0,019{0,035/0,042
37 0,21210,006; 13,5 {4806;176} 240 1491733} 968 25,4:0,36 1,50} 7,8 {110;0,144; 2,1 {14 194,0,38,0,089;0,22 2,7 10,17:0,003:0,204;0,190; 0,29 {0,168} 3,9 {0,004;11,6:0,015:0,044:0,025
38 0,218:0,004: 3,9 643 211 196 {172: 394 :1332: 8,1 10,30 1,20} 5,5 {115:0,131; 2,3 {14 .213:0,43:0,103:0,30: 3,2 :0,18:0,004:0,098:0,137; 0,27 10,091} 5,6 {0,004; 4,6 :0,014:0,038 0,035
39 0,184:0,007: 6,9 894 498 463 :221: 485 :2005:31,3:0,56 2,10:10,2:221:0,237; 4,9 :12:302:0,48:0,095:0,21: 4,8 10,18:0,020:0,098:0,116: 0,52 :0,208: 5,2 10,009: 2,3 :0,020:0,067 0,034
40 0,165/0,012) 9,8 | 957 [513|323 {199 385 2211,24,0/0,59 2,16|10,7 2320,268 28,9 | 11 288/0,54 0,109 0,22 6,1 {0,18 0,005/0,201{0,075/ 0,29 |0,111| 6,9 10,008, 3,9 [0,097/0,076/0,053
41 0,196:0,010; 3,3 11962:403 326 190; 745 :2535:29,2:0,69 2,73:12,0:2870,281; 13,7 | 12 289:0,640,082:0,24: 5,9 10,16 0,004:0,239:0,089: 0,53 10,163} 8,7 10,006 5,0 :0,022:0,093:0,061
42 0,260:0,009; 5,7 {592 1325 310 {183} 392 {2394:47,5:0,52 2,15} 6,8 1180:0,191; 4,1 {13 :301:0,45:0,100;0,20: 5,7 :0,14:0,003:0,072:0,109; 0,41 :0,130; 4,9 10,005} 5,3 :0,012:0,062:0,041
43 0,149:0,005; 2,8 11284:279 225 180 744 :1838:20,2:0,42:2,18 5,8 11400,174; 5,0 {14 :254:0,57:0,071;0,18: 4,2 10,14:0,012:0,244:0,057; 0,26 {0,184} 7,0 {0,005; 5,0 :0,014:0,054:0,053
44 0,140{0,006| 8,4 |1039(258| 218 |148|1167|1458/14,1{0,40|1,55| 6,0 |141|0,171| 4,1 |14|214|0,41|0,086/0,20| 3,5 [0,15/0,011{0,062|0,045| 0,52 |0,114| 4,1 |0,004| 2,4 {0,008/0,048/0,054
45 0,208:0,003; 3,7 {796 {170} 77 (157296 {1034} 2,3 10,22/1,23} 3,3 | 52 {0,103} 2,3 | 9 1253,0,23,0,0930,13} 2,9 10,22:0,004:0,052{0,134; 0,26 {0,114} 2,2 0,006; 2,3 {0,011;0,023:0,033
46 0,139:0,005; 6,2 12464190 186 {157:2342:1067: 7,0 :0,31 1,58 4,1 | 86 {0,135 11,5 {14 :255:0,38:0,106:0,18: 2,9 :0,15:0,003:0,121:0,087; 0,46 i0,375; 4,2 10,005; 5,6 :0,010:0,035:0,028
47 0,116:0,006: 6,0 356 :305: 918 :173: 377 :1608:18,0:0,42 2,38 7,6 1140:0,245: 7,0 {16 :500:0,52:0,086:0,16: 3,7 :0,17:0,004:0,028:0,068: 0,24 :0,092: 4,3 10,003} 2,5 :0,006:0,051:0,035
48 0,212/0,010{ 7,9 [1837/295| 270 {139 1834 1428 19,6/0,48 2,88| 7,7 1680,206, 4,3 |11 204/0,51 0,094/0,24 3,8 10,16 0,013/0,1910,079 1,42 10,185 6,0 10,006, 3,3 [0,047/0,058 0,034
49 0,218:0,009: 7,5 13632:476 420 155 614 12197:30,9:0,60 2,66:13,3:1890,243: 4,4 | 16 469:0,630,109;0,42: 7,1 10,15:0,009:0,047:0,089: 0,68 i0,266; 6,5 10,012} 3,6 :0,016:0,093 0,035
50 0,272:0,014; 7,8 15592:568: 497 1160:1922:3233:36,3:0,93 2,36:16,8:3330,430; 5,8 {13:274:0,83:0,102{0,32: 7,6 10,13:0,014:0,068:0,071; 0,63 {0,176} 9,6 {0,009; 3,9 :0,015:0,124:0,077
51 0,163:0,008; 3,6 828 371 208 {172} 422 i2188:16,7:0,49 1,98 7,8 118910,225; 4,8 {14 :266:0,58:0,108;0,24: 5,9 10,13:0,006:0,057:0,117; 0,45 {0,271} 6,8 {0,006; 3,2 :0,011:0,056:0,036
52 0,119/0,004| 3,8 |1530{140| 36 |135| 360 |1451| 5,8 {0,22/0,68| 3,5 | 73 |0,109| 2,0 |11|249|0,24/0,100/0,11| 2,6 {0,11]0,003|0,051{0,029| 0,27 |0,076| 2,9 |0,003| 1,1 {0,010{0,025|0,034
53 0,190:0,008; 12,1 | 797 {406} 289 {165} 551 {2240:16,9:0,64:2,9110,7,2160,293; 4,0 {12 258,0,64,0,114;0,33: 4,2 10,17.0,010:0,176;0,231; 0,60 {0,246} 7,5 {0,007; 5,8 {0,018:0,078:0,053
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Contents of elements in traces in the hair of various population groups in Kavadarci as indicator of the aero pollution

63

SHUNW | Li | Be B Na Mgi Al{ P KlIiCaiTii{V Cr MniFei Co Ni iCuiZn: Ga Ge i Asi Sr Mo Pd i Ag i Cd i Sn i SbiBai{ Tl i Pb: Bi i Th i U
54 0,155{0,010{ 4,5 2547431205 161|709 {228113,0{0,63/1,95/10,2/196,0,270; 4,0 {16 280{0,59/0,109{0,31} 5,8 {0,2310,011,0,065{0,218} 0,55 {0,137} 6,7 0,006 6,5 {0,011{0,085/0,043
55 0,240:0,004; 3,9 {339 {242 82 {151;270 1268} 6,9 0,34:1,86; 4,7 1040,183:149,2: 11318.0,34/0,104;0,16} 3,2 {0,16:0,003:0,037:0,050; 0,26 10,102} 3,7 {0,005; 1,5 0,010;0,038:0,037
56 0,200:0,006: 6,6 i3214:229 120 :147:2990:1311: 7,3 10,39 1,69: 6,7 1120:0,166; 4,9 :11 189:0,41.:0,105:0,29: 3,4 10,15:0,008:0,144:0,090: 0,45 :0,190: 4,5 :0,005; 3,9 :0,050:0,043 0,025
57 0,147:0,005; 4,2 11093:226: 88 i166: 399 {1271: 6,9 0,35:1,51: 4,6 1102:0,197 44,3 1 12:330:0,46:0,100:0,18: 3,1 :0,18:0,005:0,117:0,054; 0,40 0,116: 5,3 :0,005; 1,6 :0,026:0,044:0,043
58 0,236/0,011] 3,6 (2161|398 264 | 1471038 242115,0/0,72/2,07|11,1220,0,340, 11,8 | 14 266|0,71 0,113/0,34 5,7 {0,14 0,013/0,106/0,108 0,65 |0,194| 7,2 10,007, 4,4 {0,017/0,090/0,033
59 0,228:0,011; 3,0 | 774 (470 253 {181 496 12489.23,6 0,64:2,53: 9,8 237:0,327 5,6 122720,63:0,101:0,24: 6,1 {0,15:0,006:0,093:0,050; 0,46 0,205: 6,7 :0,006: 3,4 0,0160,087 0,050
60 0,162:0,005! 6,6 {946 1286 169 189:1701:1547:16,4:0,46 1,77 7,7 1157{0,223} 3,5 {12:250:0,45:0,090;0,20: 3,8 :0,14:0,005:0,071:0,087; 0,52 {0,321} 4,9 {0,005; 5,3 :0,016:0,060:0,049
61 0,437:0,019; 763,5{2119:734:1201{1811463:3421:46,9 1,07:3,46:16,2:347{0,472: 85,6 | 18{351:2,40:0,105:0,43:11,6{0,28:0,097:0,168:0,389; 0,82 :0,223:34,7:0,012:10,7.0,0190,192:0,069
62 0,301{0,014{222,4| 661 [371| 243 |154| 133 |1245| 8,7 {0,36|1,16| 3,6 | 73 |0,142| 15,6 | 11|302|0,33/0,103]|0,13| 3,3 {0,17/0,016{0,031|1,375| 0,23 |0,056| 3,1 |0,003| 8,7 {0,009/0,036|0,026
63 0,153:0,012; 8,5 {1353{329 141 {177 983 {1905{17,6 0,50:1,79{ 5,6 1580,216. 6,9 | 123050,46:0,101{0,19} 5,7 {0,49:0,011:0,027:0,042; 1,61 {0,108} 4,9 {0,003} 1,3 10,021;0,043:0,037
64 0,153:0,008: 8,3 11645228 115 :172:2805:1123: 8,5 :0,32.1,09; 5,0 {103:0,150; 5,2 {14 :219:0,28:0,094:0,21: 2,3 :0,15:0,004:0,039:0,237: 0,26 i0,093; 3,1 0,004 2,0 :0,009:0,029:0,018
65 0,150:0,007; 9,5 {85886 21 i174:240: 707 :2,2 0,18:0,45: 1,8 340,056 3,8 10:245 0,18:0,095:0,12: 2,1 :0,09:0,003:0,045:0,124; 0,13 :0,067: 1,8 :0,002; 2,1 :0,004:0,014:0,031
66 1,016/0,0224278,2/ 5583532 2151|172 1771 137135,9/0,70 5,26|15,4/313 0,688 95,8 | 14 218|1,37,0,124/0,66| 5,8 1 0,60/0,090/0,4040,253 0,25 |0,111|14,4/0,009 4,6 [0,007/0,286 0,092
67 0,114:0,010; 69,7 | 562 437 157 {205 257 12565 7,5 0,30:0,99: 5,1 1 97 {0,197 8,3 12268 0,48:0,099:0,09: 5,7 {0,11:0,005:0,078 0,034; 0,26 0,059: 7,0 :0,003; 0,8 0,0060,033:0,048
68 0,387:0,016: 874,6 132691409 791 {154} 567 {1782:36,4:0,56 1,71} 9,1 {1910,220; 18,0 { 11 :272:0,80:0,090;0,22: 5,9 :0,17:0,020:0,118:0,039; 0,35 {0,247;10,10,006; 2,1 {0,071:0,115:0,038
69 0,236:0,008; 469,0 | 545 {227 383 {177 126 {1331:18,2.0,32i1,11; 5,5 : 98 {0,142 12,0 | 11{242:0,42:0,094:0,14: 4,1 {0,13:0,014:0,055:0,030; 0,24 :0,120; 4,7 :0,003; 1,2 :0,0080,048:0,058
70 0,130{0,005| 16,3 | 355 [123| 38 |174| 171 |1175]| 6,0 {0,17]1,09| 2,0 | 39 |0,067| 5,8 |11|351|0,19|0,084|0,07| 3,0 {0,12]0,004|0,027|0,431| 0,24 |0,051| 2,2 |0,003| 3,9 {0,005{0,021{0,061
71 0,239:0,010; 514,1 {4368{298 | 569 {121} 559 {139224,2.0,39:1,53{12,2/1810,192} 11,6 {27 {2361,27;0,098:0,21 6,6 {0,14:0,021:0,081:0,196; 0,47 :0,170:20,6:0,004; 6,2 0,007;0,054:0,039
72 0,128:0,008: 59,2 {1361:276: 367 {173 427 :2339: 7,7 10,53 .2,16:10,4:154:0,191; 7,1 {14 :261:0,61:0,104:0,19: 6,9 :0,11:0,013:0,066:0,089: 0,57 :0,106; 8,4 10,004; 3,8 :0,007:0,053:0,033
73 0,150:0,008: 146,0 ; 586 :367: 296 {158 269 i2370: 6,8 0,25:1,06: 4,0 1192:0,153 8,2 :10:236:0,46:0,108:0,15: 6,1 10,12:0,010:0,074:0,113:60,27 0,076: 6,4 :0,003: 2,4 :0,009:0,038:0,053
74 0,224/0,015| 50,4 1521/650| 641 {228 842 2727 56,7/0,832,17|15,4/317,0,437, 9,0 |13 233/0,81 0,113/0,63 7,5 {0,13/0,013/0,101{0,081 0,52 |0,451|10,7,0,007, 4,9 {0,012/0,101 0,055
75 0,151:0,009; 31,5 | 473 1412 359 {178 465 :1664.18,8 0,56:1,48: 8,2 177.0,244 5,8 13274 0,51:0,110:0,21: 4,1 {0,11:0,008:0,075:0,044; 0,48 0,155} 6,1 10,005 3,4 0,012{0,068 0,046
76 0,38310,013:473,6 11730538 914 1154:1082:2404:27,3:0,61 3,03} 7,6 {11770,261} 35,6 { 11 :262:1,00:0,113{0,22: 8,2 10,16:0,028:0,079:0,046: 0,48 :0,205:13,1,0,007; 4,0 :0,017:0,128:0,073
77 0,193:0,012 12,9 | 883 {474 455 {153 816 i{2367:36,5 0,78:2,1011,4:2380,400. 5,4 :13280:0,67:0,094:0,24: 5,9 {0,10:0,007:0,057:0,061; 0,52 :0,158; 8,1 :0,005; 2,4 0,011;0,095:0,038
78 0,116{0,006| 16,7 | 419 {277| 228 |131| 420 {2010/18,0{0,38|1,19| 5,4 |120|0,154| 5,6 |10|242|0,35/0,101|0,14| 4,4 10,10|0,006|0,122|0,179| 0,45 |0,086| 4,4 |0,003| 2,8 {0,008/0,061|0,037
79 0,101:0,004; 16,0 | 455 {181} 123 {121} 229 {1063} 5,5 0,211,12} 2,6 1540,105 2,5 {10;2450,24:0,1040,10; 3,0 {0,09:0,012:0,060:0,036; 1,45 10,108} 3,1 {0,002} 2,8 10,009;0,017:0,045
80 0,000:0,000; 0,0 i1870:133 11499 i1163: 792 : 5,7 :0,00.0,00; 2,8 : 49 {0,000 0,0 : 0 : 0 :0,00:0,000:0,00: 2,2 :0,00:0,000:0,000:0,000; 0,00 ;0,000; 6,0 {0,000; 0,0 :0,000:0,000:0,000
81 0,261:0,014; 64,5 : 798 :475: 391 i205: 577 12016:17,6 0,42:1,48: 6,3 151:0,199 8,0 :13:253:0,45:0,095:0,18: 5,7 10,28:0,011:0,229:0,076; 0,31 :0,096: 6,5 :0,004: 1,3 '0,012:0,050:0,028
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64 L Boev, A. Sosa
SHUNW | Li | Be B {Na Mg Al |/ P KI{Ca{Ti{V CriMniFe; Co Ni CuiZn Ga Ge {As{Sr Mo Pd i Ag { Cd | Sn Sb Ba; Tl (Pb; Bi { Th | U
82 0,172:0,011: 9,4 483 369 211 {157 378 i2485:12,5:0,45:1,88: 5,8 1173{0,205; 5,3 {12:284:0,43:0,108;0,20: 4,8 :10,14:0,022:0,151:0,056; 0,33 i0,179; 4,6 0,003} 2,0 :0,067:0,046:0,044
83 0,219:0,016; 9,7 {475 538 462 150} 453 i3194:22,7:0,66 3,30:10,3:2410,312; 8,5 {14:249:0,66:0,105;0,29: 7,2 10,14:0,008:0,055:0,052; 0,55 {0,223} 8,6 {0,005; 3,7 :0,020:0,077:0,036
84 0,200/0,007; 6,6 {136 |83 | 29 {146, 192 686 | 0,3 0,06:0,70; 0,1 | 4 {0,029, 1,5 | 122320,07/0,0860,08 2,1 {0,09:0,002:0,0450,031; 0,15 :0,075} 0,9 {0,001} 1,0 10,0080,005;0,028
85 0,119{0,007| 43,6 | 340 {194 | 205 |156| 208 |1146| 9,1 {0,21]0,67| 3,1 | 73 10,094, 3,7 |10|210{0,22/0,085/0,10{ 2,9 {0,10|0,015{0,036{0,073| 0,25 |0,061| 2,9 |0,002| 1,2 {0,009{0,031{0,027
86 0,168:0,010; 36,5 14428290 273 {154:1219:1203:20,3 0,28:1,67; 5,1 11070,137. 4,4 :12209:0,36:0,084:0,13: 3,1 {0,10:0,014:0,365:0,089; 0,28 10,137} 5,7 :0,031; 4,3 10,014;0,044:0,028
87 0,529:0,010; 34,0 11327:282 311 :166: 599 :1291:22,7:0,34 1,06: 5,6 1159:0,181: 4,5 :12:270:0,46:0,075:0,15: 3,6 :0,10:0,016:0,096:0,098: 0,47 :0,105: 7,1 10,003; 3,5 :0,016:0,052:0,034
88 0,142:0,010; 68,3 2483292 357 {165:2193:1543:11,6 0,28:0,82; 6,6 138:0,115 4,0 8 109 0,27.0,091.0,17; 3,7 /0,10.0,012;0,297 0,317, 0,23 10,088 4,8 :0,003: 2,6 0,012:0,042:0,041
89 0,174/0,008| 67,6 2542{412| 366 |180|1625/1665/30,0(0,36 1,50| 9,7 /7220,206, 10,1 | 10 245/0,950,111,0,15| 4,4 10,11/0,019/0,083/0,042 0,36 |0,112{17,5/0,005 1,8 {0,032/0,060/0,049
90 0,211:0,005; 33,7 2738430 360 {179:1013:1554:25,7 0,35:1,09; 8,3  185:0,048 9,7 ' 11239:0,35:0,077:0,14: 5,0 {0,08:0,027:0,053:0,127; 0,32 :0,114; 6,8 :0,002; 2,1 0,007;0,061:0,027
91 0,161:0,005; 84,2 {962 1129 209 {137 693 | 791 { 2,6 10,07 0,48 0,4 | 4 {0,031} 7,7 { 9 1197:0,130,085{0,10: 2,5 :0,08:0,015:0,059:0,145; 0,25 {0,033} 1,6 {0,001} 2,6 :0,004:0,019:0,060
92 0,1460,011; 13,6 | 421 {467} 342 {168 256 {299824,6 0,50:1,6410,2/206{0,240, 5,0 | 10{2350,50{0,091}0,18} 7,1 {0,0910,007:0,034.0,035; 1,74 |0,159} 8,1 {0,005} 1,8 10,008;0,075:0,049
93 0,166:0,009} 32,9 | 231 {282} 182 {180} 280 {1532} 9,6 10,21 0,84} 3,3 | 71 {0,094} 11,5 {11,378,0,24,0,0880,12 3,7 10,09:0,008:0,043:0,060; 0,30 {0,060} 3,4 {0,003} 1,4 {0,006;0,035:0,049
94 0,139:0,010; 13,7 i{1467:424 330 :154: 717 :3190:12,4:0,40 1,32} 7,7 1174:0,180; 5,0 | 8 :220:0,67:0,093:0,16: 7,7 :0,10:0,007:0,108:0,077; 0,47 i0,131:12,1:0,004; 2,8 :0,018:0,056:0,063
95 0,154:0,007: 42,5 {369 189 221 :137: 361 :1059: 8,5 10,21 0,80: 4,4 | 70 i0,094: 7,8 :10:199:0,26:0,084:0,10: 3,3 10,08:0,036:0,085:0,056: 0,21 i0,112} 3,9 10,002; 1,3 :0,013:0,038 0,037
96 0,125/0,006| 38,4 | 710 {292 | 256 {183 | 415 1334/10,9/0,19 0,87| 3,9 | 56 |0,101, 8,2 | 9 197/0,25 0,069/0,09 3,4 {0,09 0,014/0,052/0,027 0,20 0,061} 4,3 10,002, 1,4 {0,007/0,036 0,049
97 0,143:0,009: 24,2 | 766 577 360 {126:2335:2756:17,7:0,48 1,60:12,7:218:0,307; 6,5 | 9 1170:0,47:0,093:0,23: 5,9 10,10:0,005:0,059:0,055; 0,35 {0,110} 7,5 {0,006; 2,6 :0,011:0,077 0,052
98 0,242:0,006; 4,9 {1670:516: 266 149 608 :1873:16,8:0,41 3,22:10,8:2770,392; 11,0 { 11 :209:0,37:0,091;0,22: 4,4 10,09:0,005:0,040:0,101; 0,27 {0,069; 5,5 {0,005} 2,1 {0,009:0,142:0,035
99 0,095:0,008; 10,6 {1174:254: 204 1146:1140:1450:10,5:0,32:0,94} 6,3 1124:0,144; 2,7 | 9 1150:0,29:0,087;0,17: 3,5 :0,10:0,007:0,086:0,126: 0,36 {0,076} 4,0 {0,003} 3,2 :0,018:0,043:0,065
100 {0,095/0,004| 4,7 [1401|190| 142 |117|2581|1128} 7,9 10,19{0,99| 3,6 | 80 {0,091} 2,9 |11|138]0,20/0,075/0,11}| 2,7 {0,09|0,002|0,042/0,051}| 0,50 {0,132} 2,8 {0,003| 6,0 {0,051|0,027|0,034
101 0,172:0,010, 8,8 14536482376 193 494 {2374:30,1:0,63{1,53{10,3:2310,206; 4,1 {11217;0,47:0,090;0,21 5,6 {0,09,0,004;0,090:0,119; 0,24 {0,094 6,9 {0,006} 2,1 :0,011;0,076:0,029
Average 10,19610,009; 94,1 11657{347; 314 1164 912 1793:17,7:0,47:1,73: 8,0 1164:0,218; 12,4  13:269:0,55:0,097:0,22} 4,6 {0,21:0,012:0,106:0,129: 1,04 :0,149: 6,9 :0,007; 4,0 {0,0290,062:0,047
Min 0,000{0,000{ 0,0 | 136 |83 | 21 |99 | 126|565 0,3 {0,00/0,00{ 0,1 | 4 {0,000, 0,0 | 0 | O {0,00/0,000/0,00 1,4 {0,00/0,000{0,000{0,000] 0,00 |0,000{ 0,7 |0,000{ 0,0 {0,000{0,000{0,000
Max 1,0160,022:4278,2:5592:734 2151:232:4012:3696 65,2 1,26:5,26:36,8 722:0,688 150,6: 58 {520:2,40:0,124:0,71:11,60,74:0,097:0,404:1,375:60,27:0,525:34,7:0,078:37,4 0,6430,286:0,154
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Contents of elements in traces in the hair of various population groups in Kavadarci as indicator of the aero pollution

65

Table 2
Concentration of tace elements in unwashed hair in town of Kavadarci (mg/kg)

SH Li | Be {BiNaiMgiAll P (Ki Ca @ Ti V | Cr i Mn | Fe Co i Ni i CuiZni Gai Ge { As: Sr iMo: Pd i Ag Cd Sn i Sb iBa: Tl | Pb i Bi | Th i U

1 ]0,015/0,004{3,5/ 57 | 14 | 7115926 156 | 0,67 0,078 0,78 1 0,25 7 0,0040,06 9,0 {146} 0,00 | 0,03 |0,105] 0,30 |0,039}0,002/0,004/0,022 0.147/0,030/0,35/0,001 0,49 |0,002/0,003,0,004
2 10,026/0,005(2,3| 95 | 14 |21|162(48| 313 | 0,71 |0,060 1,25 | 0,38 | 24 0,014/0,55/10,0/156| 0,01 | 0,03 |0,057| 0,37 |0,072/0,0070,067|0,025/0,018|0,041|0,40/0,000/ 0,65 |0,002(0,009|0,013
3 0,0150,003 3,3 71 18 1114432 277 0,73 0,055 0,78 1 0,11 11 0,032/1,78 7,8 1241 0.01 | 0,03 10,043 0,37 {0,053,0,002,0,000:0,009:0.1120,02310,23 0,000 0,14 :0,002:0,002 0,032
4 0,017.0,002:0,7:111; 32 23 98 32 284 0,650,076 1,115:0,793 20 10,018 0,47 8,9 73 :0,027: 0,021 0,053:0,688 0,081 0,002:0,032 0,021:0,334:0,066:0,60:0,000 0,895:0,008:0,006 0,019
5 0,019.0,004 1,4 73 18 12.18230 141 0,80 0,121 1,07 0,33 26 0,016:0,54.10,2:165 0,02 0,03 0,088 0,27 0,0710,003 0,025:0,018 0.103 0,026 0,51 0.002 0,12 0,002 0,003 0.001
6 0,0090,0010,352 13 8|10824| 100 | 0,46 0,042/0,713/0,192| 16 |0,0050,15 7,7 120/0,003 0,014 0,050 0,210 0,058/0,001 0,016/0,012 0.124/0,019 0,42/0.0010,087|0,002 0,002 0.001
7 10,004{0,0021,7, 59 | 15 81138125 441 10,92 10,077 0,821 0,54 5 0,016{0,23110,6]141 0,01 | 0,03 10,041 0,64 0,0580,004 0.003}0,024/0,15910,022/0,44{0.001 0,36 0,001:0,007 0,006
8 10,008/0,0033,4/ 56 15 9142125 247 0,820,074/ 0,98 0,54 6 10,019/0,67/10,3 195, 0,01 | 0,03 10,056 0,37 0,031:0,002}0,02110,037 0.125,0,054/0,420.001/17,31 0,002{0,001 0,002
9 10,0290,002 12,8/ 52 | 40 |35/111 25 433 | 0,61 0,105 1,64 {324 | 34 0,199{1,4517,5/216] 0,12 | 0,02 0,024 1,93 {0,040,0,002|0.002}0,049/0.096/0,0281,55/0,003| 1,58 |0,000{0,001 0,002
10 0,001/0,003|1,5 45 | 13 |11/118[24| 262 | 0,68 |0,160| 0,61 | 0,89 | 13 0,007/0,02| 6,7 |106| 0,02 | 0,02 |0,267| 0,36 |0,043|0,002]0,090|0,049/0,125/0,023|0,51|0,000| 2,64 {0,002|0,015|0.001
11 10,130/0,002{1,2/ 26 14 25139134 193 0,75 10,076 0,16 0,79 15 10,009.0,41 8,7 104 0,05 0,03 0,091} 0,33 0,059 0,0010,047:0,102,0,0540,056:0,81:0.001 2,96 {0,003 ,0,004,0,002
12 0,151:0,006 2,3 26 17 122:10638 163 1,49 10,081 0,24 0,81 31 10,029.0,82 7,6 : 89 0,063: 0,05 0,096 0,46 0,070 0,008:0,060 0,098:0,035:0,055:0,66:0,001 2,02 :0,010:0,010.0,008
13 0,147.0,006:3,3 30 39 15123140 416 1,60 0,056 0,23 0,55 49 0,0260,82 5,6 1310,074. 0,04 0,060 1,01 0,054 0,007 0,024.0,029:0,017 0,342 1,09:0,001, 0,34 0,004 0,008 0,014
14 0,140/0,004 4,2 43 | 22 |11 89 38/ 398 1,88 0,039 0,19 0,19 | 22 |0,031/0,81 5,8 126/0,069 0,05 10,041 0,82 0,027/0,0120,018/0,0350,010/0,044 0,960,001 0,53 |0,005 /0,007 0,014
15 10,134/0,00312,1 18 125 16| 94 126} 287 | 1,47 10,015 0,04 0,061 5 10,019/0,97 7,8 123/0,011] 0,04 {0,024 0,30 0,045:0,007 0,010{0,020}0,004:0,007 0,300,000} 0,22 |0,009:0,006 0,006
16 10,134/0,004 1,6 391301999 28 208 1,390,023 0,10 0,04 7 0,019:0,37 5,698 0,012] 0,04 10,027 0,16 {0,024 0,007{0,025 0,011}0.007/0,023:0,34 0,000 0,17 |0,002/0,006}0,005
17 10,140/0,004{0,6| 14 | 14 |9 | 78 {28} 207 | 1,03 10,021 0,02 | 0,13 | 3 10,014/0,37| 8,3 | 84 0,024 0,03 {0,034| 0,13 |0,017/0,006/0,032/0,015}0.007|0,028 0,62{0,000| 0,13 |0,0040,007 0,006
18 0,134/0,003/0,7/ 29 | 37 | 4 |118[27| 189 | 1,04 |0,008| 0,07 | 0,05 | 6 |0,022(1,21| 6,2 |125/0,011 0,02 |0,021| 0,21 |0,085|0,006]0,015/0,007|0,0490,022|0,32/0,000/ 0,99 {0,003 |0,006|0,004
19 10,144,0,00412,5 48 25 116.109i53 259 1,47 10,045 0,09 0,37 11 10,0300,88 7,4 90 0,038 0,03 10,035 0,39 0,034 0,0060,037 0,023 0,007;0,024 1,00 0,000; 0,96 ;0,006 0,008:0,015
20 0,145:0,004 1,5 50 : 25 110: 99 50: 247 1,430,023 0,05 0,16 6 0,017.0,30 7,2 1106 0,025: 0,04 0,043 0,34 10,020 0,006:0,053 0,015:0,019.0,015:0,64:0,000 0,28 :0,006:0,007 0,007
21 10,034.0,004.1,8 34 17 11112527 160 1,4 0,046 0,271 0,227, 20 0,044 0,40 5,7 70 0,007 0,035 0,086 0,167 0,034:0,007 0,019.0,021 0.002:0,020 0,17.0,000 0,837 0,008 0,007 0,010
22 0,037/0,0021,5 29 | 5 |12/10328 95 1,1 |0,029/0,084/0,336/ 56 0,021/0,32 6,6 |74 0,010 0,030 0,042 0,170/0,058 0,007/0,014 0,011]0,025/0,019/0,240,000/0,312 0,036/0,011 0,012
23 10,034/0,00313,230 | 8 i111102{29 130 1,4 10,032/0,137.0,117] 8 10,016{0,02 5,4 | 71 {0,008 0,036 0,037/0,18610,039 0,007{0,0400,010:0,028 0,01610,19,0,000}0,265:0,008 0,007 0,007
24 0,035{0,004 3,4 311511812427 119 1,4 [0,052/0,161 0,308 15 10,023/0,13 8,6 | 43 10,032 0,034 {0,077 0,3740,049 0,0070,019/0,040.0,005{0,039 0,79}0,000/0,701}0,0050,008:0,041
25 0,032/0,003{0,6) 19 | 12 {4 | 85 [24] 154 1,1 0,0310,060/0,357] 4 0,020{0,23 20,1} 76 {0,021} 0,026 |0,045/0,261/0,024/0,007/0,036]0,16410,047 0,017/0,620,000|1,233}0,002/0,006 0,011
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SH Li { Be B NaMgAll P KiCa; Ti | V { Cr  Mn; Fe | Co {NiiCu{Zn Ga{ Ge { As { Sr Mo Pd Ag { Cd| Sn | Sb {Ba; Tl { Pb { Bi | Th | U

26 10,035:0,004:3,8: 21 : 23 i21; 93 128 233 1 1,9 :0,090:0,335:1,407; 44 :0,036:0,67; 7,5 i113:0,056: 0,044 :0,061:0,573:0,054:0,007:0,042:0,037:0,016:0,045:0,54:0,001:1,032{0,006:0,010:0,010
27 10,029:0,003:2,1: 21 {1 13 14 75:27;202; 1,2 :0,028:0,1780,123; 17 :0,015:0,53: 4,2 :100:0,042: 0,038 :0,041:0,515:0,031:0,007:0,021:0,018:0,014:0,011:0,24:0,001:0,441:0,004;0,006:0,023
28 10,033{0,003{2,7{42 {23 1697 27,239 | 1,4 0,046:0,171{0,237; 23 10,016/0,42} 7,1 {121,0,043} 0,040 {0,048:0,7610,0350,008:0,015:0,011;0,012:0,016{0,22:0,001:0,315{0,01410,008:0,010
29 10,035{0,0032,0{ 39 | 17 |18 81 |29 166 | 2,9 [0,077/0,235|0,756| 30 |0,027/0,53| 6,3 | 80 {0,046/ 0,045 10,058{0,540/0,053/0,008/0,039/0,0730,018/0,034/0,28/0,001{0,923/0,0120,008{0,011
30 10,039{0,003:2,2: 38 6 {1179 48 133 1,2 :10,045.0,166.0,970. 21 0,017:1,08 5,976 0,042; 0,042 :0,049:0,373:0,034.0,006:0,018:0,018:0,010:0,036:0,23:0,001:0,525:0,005:0,007:0,008
31 :0,013i0,003i4,6: 3124 :8: 87 26 213 1,36:0,032: 0,19 : 0,22 18 0,015:0,28 6,9 i141.0,060: 0,044 :0,044: 0,57 :0,226:0,006:0,032:0,025:0,033:0,021:0,29:0,001: 0,37 :0,016:0,006:0,017
32 10,134/0,003:5,0 31 24 25 90 31 262 1,510,101 0,21 1,98 32 :0,037:0,63 7,3 114:0,071: 0,044 :0,063: 0,88 0,063:0,008:0,047:0,165:0,048:0,054:0,94:0,003: 3,87 :0,006:0,011:0,010
33 10.015/0,003{1,6/ 17 | 17 {11} 94 28| 136 | 0,63 10,026 0,12 | 0,09 | 19 10,012/0,32| 5,6 |108/0,047| 0,023 {0,034 0,31 |0,0550,006/0,043:0,010/0,070{0,016/0,40/0,002| 0,22 |0,006|0,0070,008
35 10,1440,002:5,1: 37 { 14 {14; 71 30: 149 | 1,25 {0,048; 0,13 : 0,66 : 21 :0,018:0,31: 6,0 ; 67 :0,059; 0,042 :0,087:0,399:0,137:0,008:0,094:0,040: 0,10 :0,046:0,72:0,001; 1,18 :0,008:0,006:0,010
36 10,122{0,001:3,5:42 {16 {11; 85 :38; 99 | 1,15:0,049: 0,18 ; 0,48 | 18 :0,030:0,64: 5,5 {133:0,066: 0,043 :0,052{0,325:0,558:0,007:0,069:0,022: 0,51 :0,022:0,91:0,001: 0,68 :0,008:0,007:0,005
37 10,130{0,003{2,8: 40 | 15 21,92 36/ 127 | 1,30 {0,064} 0,14 | 1,12} 0 0,020;0,58; 7,1 { 71 {0,075} 0,039 {0,076:0,409:0,138:0,007:0,118;0,080; 0,60 :{0,025{1,05;0,001; 3,27 10,005;0,007:0,006
38 10,136{0,0024,2: 23 | 15 27 91 33 151 | 1,22 {0,061} 0,28 : 0,44 ;| 30 :0,130:4,79; 7,0 1337:0,056; 0,042 :0,089:0,592:0,037:0,007:0,071,0,059; 0,27 :10,028,0,49:0,006; 1,67 :0,015:0,007:0,010
39 10,126i0,002:5,5 27 { 31 {10:124.27; 278 | 1,45 :0,041: 0,17 : 0,16 . 22 0,013:0,42 5,9 i117.0,044: 0,046 :0,041:0,448:0,035:0,008:0,031:0,026: 0,19 :0,035:0,30:0,002: 0,36 :0,006:0,006:0,011
40 0,121:0,001:1,6: 21 : 24 1492 :25: 232 1,07 :0,032: 0,110,161 19 :0,011:0,25: 5,3 :1111:0,043: 0,033 :0,032:0,441:0,078:0,008:0,031:0,016: 0,05 :0,020:0,31:0,001: 0,32 :0,014:0,006:0,009
41 0,126/0,001/1,2| 16 | 21 | 6 /10231, 236 | 1,38 |0,061| 0,17 | 0,27 | 21 10,0200,56| 6,0 {123/0,051 0,046 0,051/0,505 0,124 0,006 0,025/0,015 0,58 0,015/0,47/0,001 0,76 {0,012/0,0060,013
42 10,125:0,002:3,0: 29 { 29 {14/101:29; 372 : 2,37 :0,043: 0,22 1 0,38 : 29 :0,020:0,53: 6,5 1129:0,049: 0,046 :0,045:0,738:0,030:0,009:0,028:0,033: 0,01 :0,018:0,42:0,001: 0,49 :0,003:0,008 0,008
43 10,119:0,002:3,2; 27 { 28 {15{100:36; 306 : 1,59 :0,058: 0,26 { 0,37 34 :0,026:0,53: 7,0 :107:0,052; 0,048 :0,048:0,742:0,044:0,007:0,073:0,016; 0,14 :0,021:0,50:0,001: 0,48 {0,006:0,006:0,014
44 :0,125:0,002i2,5; 17 { 13 {19 82 126; 89 : 1,10 :0,045: 0,14 10,21 ; 20 :0,015:0,27; 6,9 : 84 :0,160; 0,041 :0,055:0,313:0,039:0,008:0,036:0,014; 0,01 :0,021:3,59:0,001: 0,37 {0,004:0,007:0,007
45 10,122{0,0014,1| 29 | 27 |10| 97 |32| 237 | 1,32 {0,037, 0,19 | 0,47 | 21 0,015/0,21| 4,8 {107/0,046| 0,046 {0,039/0,542|0,035|0,006/0,023{0,066| 0,02 {0,014/0,39/0,001| 0,60 |0,004|0,006{0,008
46/1 10,141:0,002:5,6; 38 { 24 {9 101,35, 195 | 1,41 {0,035; 0,15 0,16 | 20 10,013:0,25} 8,5 {154/0,039; 0,048 :0,035:0,411;0,037,0,007,0,027;0,016; 0,02 ;0,018;0,17;0,002; 0,47 {0,002;0,011:0,009
47  0,147:0,002:5,8: 40 : 25 i10:105:35: 201 | 1,46 :0,036: 0,15 : 0,17 . 21 :0,014.0,26: 8,8 :161:0,039: 0,049 :0,038:0,420:0,039:0,007:0,029:0,015: 0,02 :0,018:0,18:0,003: 0,48 :0,003:0,012:0,010
48 10,152:0,002:4,2: 42 : 19 i18: 80 :37: 215 : 1,36 :0,069: 0,17 { 1,13 : 27 :0,031:0,37: 5,4 : 82:0,047: 0,043 :0,070:0,454:0,039:0,008:0,067:0,032: 0,08 :0,038:0,35:0,001: 0,75 :0,013:0,008:0,005
49 10,141/0,003 1,5/ 18 | 50 88 91 {30, 381 | 7,93 [0,096 0,39 1,96 | 62 10,056/0,79 9,2 172/0,063| 0,050 {0,044 0,9720,046/0,0070,026/0,038| 0,03 10,023/0,58/0,002| 0,54 0,0080,009 0,006
50 10,142{0,002:7,7 38 | 34 {16 82 35 317 | 1,67 {0,062: 0,15 : 1,33 : 36 :0,024:0,32; 7,6 1129:0,055: 0,050 :0,048:1,152:0,034:0,007:0,078:0,033; 0,02 :0,018:0,54:0,001; 1,09 :0,005:0,008:0,010
51 10,134i0,001:4,7: 29 { 28 110:106:33: 248 | 1,49 i0,042: 0,13 : 0,25 : 24 :0,013:0,26; 7,1 {124:0,050; 0,051 i0,056:0,487:0,126:0,006:0,028:0,034; 0,06 :0,025:0,48:0,001; 0,58 :0,005:0,006:0,004
52 10,123{0,001:{1,6:29 {23 {983 35265 1,04 0,033: 0,12 : 0,29 : 19 :0,014:0,31; 6,5 {120:0,039; 0,035 {0,030:0,565:0,056:0,006:0,026:0,011: 0,09 :0,012:0,17:0,001; 0,29 :0,006:0,006:0,006
53 10,150/0,003{1,3| 33 | 18 |14| 89 47| 153 | 0,76 {0,049 0,14 | 0,26 | 23 10,017/0,26| 6,3 | 95 [0,045| 0,029 {0,069|0,518|0,049/0,007{0,0810,102| 0,02 {0,032{0,31{0,001} 1,04 |0,007|0,008/0,013
54 10,130{0,002:4,0. 3531 11, 87 39, 279 | 1,55 {0,084} 0,15 0,82} 22 0,020:0,27; 9,1 {129:0,049; 0,050 ;0,063:1,105:0,061:0,007:0,029:0,077; 0,03 :0,027,0,44:0,007; 1,39 :0,005:0,006:0,014
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SH Li i Be B NaMgAl P K Cai: Ti { V :Cr Mn: Fe { CoiNiiCuiZn: Ga; Ge { As{ Sr Mo Pd i Ag ! Cd: Sni Sb iBai Tl { Pb : Bi . Th i U

55 10,131}0,002{3,6; 32 | 24 {10; 87 {37{ 151 | 1,44 /0,042| 0,15 0,19 | 21 {0,012/0,24| 6,3 {124{0,047| 0,049 {0,048/0,421{0,036{0,007,0,024/0,013; 0,10 {0,020/0,41{0,001| 0,46 {0,005{0,007{0,012
56 0,1280,0012,8 42 18 {17, 87 137, 149 | 1,12 {0,062 0,16 { 0,55 26 0,017:0,27, 6,4 | 89 :0,049; 0,039 10,0840,4450,0530,009:0,034,0,029; 0,02 10,025;0,43:0,001; 0,83 :0,006:0,0090,007
57 0,130.0,002:4,4: 55 18 :10; 96 :53: 134 | 1,35 10,036 0,12 : 0,14 20 :0,013:0,22: 6,1 :121:0,040; 0,045 :0,037:0,264:0,058:0,007:0,043 :0,012: 0,03 :0,010:0,20:0,001: 0,24 :0,006:0,007 0,010
58 0,128 0,0012,8: 42 18 :17: 87 37: 150 : 1,12 10,062: 0,16 ; 0,55 26 :0,017:0,27: 6,4 90 :0,049: 0,039 :0,084:0,445 0,053:0,009:0,034:0,029; 0,02 :0,025:0,43:0,001: 0,83 :0,006:0,009:0,007
59 10,106/0,0003,7 38 16 |4 50 (31| 132 /0,9370,027 0,080/0,102{14,933/0,010/0,20| 3,3 | 37 0,089 0,021 0,021/1,494/0,012/0,009 0,4840,000/0,229 0.004/0,17/0,0010,323 0,010{0,001|0,022
60 0,160 0,002i6,2: 50 17 22:167 46; 212 0,96 0,110 0,11 ; 0,83 13 0,011:0,54 9,0 {160:0,032; 0,043 0,065:0,324:0,057.0,001:0,007:0,048; 0.02 :0,063:0,58:0.001 1,24 {0,002 0,0010,011
61 10,146:0,001:3,0: 29 : 29 '14{154:41: 301 | 0,92 :0,092: 0,20 : 0,92 | 29 10,011:0,57:13,2{180:0,029; 0,039 :0,050:0,492:0,046:0,024:0,069:0,179: 0,01 :0,035:0,57:0.001: 5,33 :0,004:0,000:0,005
62 0,135.0,001i{1,8; 1533 {7 13523} 265 0,62 {0,043 0,02 0,14 7 10,002:0,16: 8,2 {172:0.001; 0,020 :0,0250,256:0,026:0,000:0,003:0,012; 0.14 :0,0120,36;0.001: 0,18 {0,001:0,000;0,011
63 10,136|0,002|2,1| 24 | 46 | 7 |159{34| 468 | 0,92 |0,094| 0,20 | 0,22 | 20 |0,013/0,59| 8,5 |187{0,021| 0,035 |0,047{0,804{0,032{0,000/0,015|0,015| 0.05 {0,022/0,55{0.001}| 0,49 {0,001|0,007{0,013
64 0,1290,0020,8; 23 | 18 {12{157:36; 188 | 0,81 {0,058 0,09 0,36 | 9 0,003/0,5110,8;143:0.004; 0,034 10,0670,215:0,0450,001:0,020:0,020; 0,48 10,0290,27;0.001; 0,94 {0,003:0,002;0,001
65 10,128:0,001:0,6: 18 129 : 8156127 227 : 0,81 :0,053: 0,04 : 0,18 7 0,001:0,48: 7,6 :165:0,000; 0,033 :0,065:0,321:0,029:0,000:0,004:0,047: 0.01 :0,018:0,35:0.001: 0,83 :0,000:0,000:0,005
66 0,123.0,001:1,5: 22 ' 18 :13:142:36; 224 0,800,094 0,18 : 1,55 19 :0,035:0,46 9,2 1115 0,523; 0,032 :0,008:0,349:0,041:0,000:0,172:0,090: 0.13 :0,017:5,79:0.001: 1,87 :0,001:0,001:0,006
67 10,148/0,003/1,1 49 102/38/153/55/1318| 1,44 0,116 0,30 | 1,61 | 57 0,101,0,44| 9,6 179/0,117 0,031 0,045/1,482/0,074/0,004 0,024 0,024/ 0,31 0,033/1,43/0,000| 0,36 0,0010,009|0,005
68 10,112.0,001:0,1: 37 31 1524022210 0,79 {0,056 0,06 ; 0,45 7 0,002:0,63 8,4 :1650,002; 0,031 0,042:0,322:0,029.0,000:0,025:0,008; 0,08 0,030:0,36:0.001: 0,51 {0,001:0,0010,003
69 10,128:0,001:0,1: 19132 : 8i137:27: 327 : 1,17 0,047 0,11 10,23 6 0,011:1,30: 9,5 :162:0,039; 0,027 :0,038:0,462:0,050:0,001:0,006:0,014: 0.08 :0,014:0,75:0.002: 0,81 :0,001:0,001:0,025
70 {0,124.0,0010,4; 19 : 29 : 8 153:30{ 375 0,750,033 0,05 0,05 4 :0,001:0,59: 9,0 {195:0,027; 0,021 :0,025:0,380:0,065:0,001:0,016:0,140; 0,24 :0,011:0,66;0.001; 0,65 :0,001:0,001:0,036
71 10,140{0,005|1,4| 32 | 35 29| 92 |44/ 218 | 0,87 |0,109| 0,30 | 1,66 | 38 |0,031/0,37|15,4{151{0,043| 0,031 |0,074/0,683{0,031/0,005/0,050{0,101| 0.01 {0,092|0,64/0,000| 3,98 |0,004|0,008|0,007
72 {0,115,0,0010,1; 23 | 16 {11,118/39; 534 0,94 {0,018 6,51 ;0,42 6 0,010{0,70; 9,7 {175/0,034; 0,031 {0,032;0,785:0,018:0,001:0,045:0,039; 0,03 {0,023:0,72;0.001; 1,83 ;0,002:0,001;0,004
73 10,159:0,001:2,0: 64 : 34 23:128:28: 749 : 0,96 0,062: 0,35 : 0,68 | 18 10,034i1,43: 7,7 :167:0,058; 0,026 :0,039:1,141:0,094:0,000:0,025:0,058: 0,83 :0,025:0,91:0.001: 1,18 :0,003:0,000:0,013
74 10,228 0,001; 8 129 37 :57:161:35; 366 : 0,850,107 0,36 i 1,30 . 13 :0,037:6,95 9,7 1184:0,091: 0,025 10,240:1,200:0,194:0,003:0,046:0,044; 0,47 '0,158:1,12:0,000: 2,61 :0,004:0,003:0,015
75 10,121]0,0012,3 18 | 31 |11/154/31|298 | 0,87 10,064 0,10 | 0,14 | 10 0,010/0,98 9,8 | 17 {0.002 0,032 0,041/0,326/0,024/0,000 0,0200,011| 0.09 0,039 0,30/{0.001| 1,08 0,0010,002{0,013
76 10,125.0,001:2,1 14 21 110:136 23 390 0,72 {0,049 1,34 0,19 16 10,0201,83 8,3 156:0,015: 0,022 0,0280,539 0,0260,001:0,004:0,008; 0.11 0,015{0,50:0.001; 0,31 :0,002:0,001:0,019
77 10,1160,002:2,0: 21 { 31 110{160:32: 325 | 0,78 10,056 0,07 1 0,20 | 8 0,004i0,43: 9,3 166:0,012} 0,025 {0,040;0,384:0,017:0,001:0,002:0,010: 0,11 {0,057:0,44:0.001: 0,58 :0,002:0,002:0,004
78 10,120:0,000:0,4; 23 : 29 {10:120:28; 325 : 0,76 {0,049 0,05 0,15 7 :0,001:0,93: 7,8 {163:0,008; 0,023 :0,031:0,564:0,018:0,001:0,044:0,035; 0.01 {0,014:0,42{0.001; 1,33 :0,001:0,000:0,014
79 10,117{0,001|0,6/ 21 | 28 | 7 |115{30| 316 | 0,83 |0,040| 0,08 | 0,06 | 3 0,001/0,29| 8,4 |164|0,012| 0,028 |0,022{0,415{0,011{0,002/0,027{0,010{ 0.10 {0,012|0,49{0.001| 0,76 {0,001{0,000{0,019
80 0,1430,0012,8; 24 | 17 i36{122:36; 258 | 0,83 {0,080 0,15 0,37 8 0,023:6,87 9,4 2060,023; 0,033 10,041,0,795:0,024,0,001:0,020:0,141; 0,03 {0,022,0,53;0,000: 0,69 {0,001:0,001;0,011
81 10,157:0,002:1,6: 32 : 32 34i162:41: 318 : 0,83 :0,070: 0,17 : 0,17 8 10,054i7,44: 9,7 :294:0,035: 0,029 :0,035:0,823:0,022:0,002:0,120:0,019: 0.07 :0,017:0,58:0,001: 0,33 :0,002:0,001:0,005
82 i0,113.0,001:2,0: 14 36 : 8 13123463 : 0,88 10,038 0,08 0,07 4 :0,002:0,48: 8,0:171:0,002; 0,028 :0,026:0,436:0,019:0,004:0,022:0,009; 0.10 :0,017:0,37:0.001: 0,28 :0,004:0,000:0,002
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SH Li { Be B NaMgAll P KiCa; Ti | V { Cr  Mn; Fe | Co {NiiCu{Zn Ga{ Ge { As { Sr Mo Pd Ag { Cd| Sn | Sb {Ba; Tl { Pb { Bi | Th | U
83 10,156:0,002:2,8: 40 : 41 :18{125:53: 515 : 1,01 :0,082: 0,20 ; 2,21 ;{ 56 10,013i1,02:10,9:176:0,104; 0,029 :0,044:0,616:0,029:0,000:0,017:0,021: 0.10 :0,024:1,38:0,000: 1,23 :0,002:0,005:0,009
84 10,117.0,002i0,6; 21 1 30 | 5:133.40; 317 . 0,82 {0,044 0,11 {0,15: 7 :0,001:0,60: 9,7 {159:0,008; 0,028 :0,055{0,421:0,028:0,000:0.003:0,014; 0,44 :0,0060,44:0,017: 0,47 {0,004:0,0010,011
85 10,117,0,000{0,3; 27 | 29 | 6 14336 314 | 0,72 {0,034 0,02 0,08 | 4 0,001/0,23} 8,0 {155,0,009; 0,022 10,023{0,3650,016,0,001;0.0030,011; 0.10 ;0,0110,49:0,003| 0,34 {0,002/0,0010,005
86 0,104/0,004/0,8| 81 | 29 | 8 |132/42| 246 | 0,35 |0,060| 0,04 | 0,31 | 6 0,017{0,01| 8,5 138/0,010/—0,001/0,051|0,349/0,0240,000{0,198|0,036/ 0.08 {0,051|0,47,0,035| 1,03 |0,001|0,0010.001
87 10,128.0,001{0,9; 28 29 i 9 :14041; 317 : 0,83 {0,047 0,06 0,20 . 10 0,010:0,05 9,7 {170:0,026; 0,029 :0,0420,452:0,021;0,000:0,018:0,019; 0,10 :0,018;0,63:0,001; 1,04 :0,002:0,001;0,007
88 10,121.0,001:1,8; 19 12 123:11029; 144 : 0,70 0,063 0,40 ; 0,36 . 15 :0,009:0,38: 7,2 : 58 :0,013; 0,022 :0,063:0,253:0,038:0,000:0,160:0,070; 0,00 :0,025:0,42:0,000: 1,40 :0,005:0,005:0,017
89 10,1250,001:3,4 24 17 2114036 257 0,72 10,054 0,06 ;0,17 5 0,0062,25 8,6 160:0,002; 0,022 0,0360,360 0,022:0,000:0,019.0,011; 0,18 0,077:0,35:0,020: 0,53 :0,007.0,001:0,018
90 10,122/0,002{1,3 23 |29 9 137/34/288 | 0,61 [0,053| 0,04 | 0,66 | 8 0,0060,11/10,2/169/0,013| 0,017 |0,042/0,4250,045/0,0010,021,0,063 0,12 0,026/0,480,004| 1,45 0,0030,001,0,007
91 10,129:0,001:0,1: 25 14 :11.121:43: 279 : 0,79 10,042} 0,04 | 0,07 . 4 0,0000,46; 8,6 155:0,010: 0,029 :0,054:0,368:0,017;0,000:0,0370,013: 0.01 :0,010:0,42:0,006; 0,86 :0,003:0,000:0,030
92 10,111:0,001:0,1:22 28 6 :119:29; 731 | 2,58 10,245 0,12 1 0,45 9 0,020.0,47; 8,1 {169:0,066: 0,021 :0,044:0,693:0,015{0,002:0.0050,011: 0,13 :0,018{1,00:0,000; 0,29 :0,002:0,001:0,010
93  10,1180,000{1,4; 22 {30 | 8 /135{26} 307 | 0,50 {0,039} 0,05 | 0,29 | 43 10,0000,29} 9,4 204}0,015} 0,006 {0,043:0,270.0,018;0,0010,0020,025; 0,13 {0,011{0,48{0.001} 0,41 10,001,0,002;0,008
94 10,1480,001:0,3; 61 { 35 {13;117{41; 886 | 1,05 {0,049; 0,11 { 0,53 { 17 10,010,0,48; 6,7 {157,0,049; 0,016 {0,040{0,936:0,026:0,000:0,0310,025; 0,21 {0,027;0,81:0,001; 0,73 {0,002;0,003 ;0,021
95 10,116i0,000i1,9: 22 : 16 {7 {11830 213 : 0,61 :0,037; 0.01 ;| 0,47 2 :0,009:1,33{10,1;141:0,001; 0,016 :0,030:0,330:0,012:0,006:0,004:0,007: 0,33 :0,012:0,39:0,000: 0,36 :0,002:0,001:0,009
96 :0,109:0,000:0,0: 24 : 17 | 7 74 :25: 230 : 0,46 :0,028: 0,03 : 0,18 : 6 :0,001:0,69: 5,3 : 70 :0,014: 0,008 :0,031:0,243:0,010:0,000:0.002:0,005: 0.10 :0,008:0,48:0.001: 0,25 :0,004:0,007:0,007
97 10,125/0,0001,7/ 22 | 12 {10{11229 156 | 0,76 {0,046 0,06 A 0,24 | 7 10,005/0,65 6,4 106/0.009 0,024 {0,038/0,142/0,0250,0000,0180,008 0.01 0,017{0,24/0,001 1,02 0,004/0,002/0,016
98 10,151:0,000:0,1: 27 {29 9 11437 245 0,70 :0,061} 0,29 : 0,68 . 22 :0,017.1,00: 8,7 147:0,019: 0,018 :0,049:0,334.0,024:0,000 0,006:0,028: 0,05 :0,019:0,56:0,003: 0,75 :0,010:0,002:0,006
99 10,106{0.001:0,3:29 10 {11; 96 26: 123} 0,69 {0,051 0,16 10,30 9 10,010:0,61; 6,2 | 52 {0.002: 0,016 :0,041:0,173:0,046:0,000:0,049:0,046; 0,39 :0,0150,26:0.001; 1,68 :0,009:0,0040,031
100 :0,139:0,000:1,9: 31 { 14 i21:111:35; 165 | 0,52 {0,076 0,20 ; 0,38 i 15 :0,008:0,90:10,5; 86 :0,006; 0,009 {0,044:0,317:0,090:0,000:0,070:0,027; 0,25 {0,034:0,38:0.001; 2,52 :0,036:0,002:0,012
101 10,123]0,001|1,9| 43 | 38 {10{149/32| 322 | 0,75 {0,101| 0,16 | 0,54 | 18 |0,006|0,14| 8,8 |161/0,005| 0,012 |{0,080|0,303|0,037/0,000{0,000{0,036/ 0,46 {0,013{0,36/0,000| 0,66 {0,006{0,009/0,003
Average0,109{0,002:2,3: 35 24 114:116:33 274 | 1,14 10,059 0,31 ; 0,50 18 10,020:0,78; 8,1 {133 0,04 | 0,03 0,053 0,51 :0,052:0,004:0,042:0,036:0,136:0,0310,60:0,002; 1,09 :0,005:0,005:0,011
Min 0,001{0,000/0,0; 14| 5 {45022, 89 | 0,350,008 0,02 0,04 0 {0,000{0,01;3,3 170,00 0,00 0,008;0,13}0,010{0,000:0,000:0,000;0,002}0,006{0,170,000; 0,09 {0,000;0,000{0,001
Max 0,228 0,006(8,1{129/102|88/24055/1318| 7,93 |0,245 6,51 | 3,24 | 62 10,199|7,44 20,1337, 0,52 | 0,05 0,267/ 1,93 |0,558/0,024/0,4840,179/0,827/0,342{5,79/0,035/17,31{0,0360,015/0,041

Geologica Macedonica, 28 (1), 55-86 (2014)




Contents of elements in traces in the hair of various population groups in Kavadarci as indicator of the aero pollution

Sampling points of Hair - NOT WASHED Sampling points of Hair - WASHED ’

101
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. -

o Glisic o' Glisic

Fig. 1. Sampling points of hair in town of Kavadarci
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Na - Prediction Map of Hair - NOT WASHED Na - Prediction Map of Hair - WASHED
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Fig. 2. Spatial distribution of Na in washed and unwashed hair in town of Kavadarci
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Mg - Prediction Map of Hair - NOT WASHED

Mg - Prediction Map of Hair - WASHED

Minimurm: 83,19
Maximum: 733.85

Al - Prediction Map of Hair - NOT WASHED

Minimurm: 20.88
Maximum: 918.39
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® g8 # 8 g Percenlile

167.78 - 226.01

10 128.83 - 167.78

5 83.19-128.83

Mean: 346.75 Sampling point —— Road Minimam: 5.30 Mean; 23,36
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Fig. 3. Spatial distribution of Mg in washed and unwashed hair in town of Kavadarci
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Fig. 4. Spatial distribution of Al in washed and unwashed hair in town of Kavadarci
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K - Prediction Map of Hair - NOT WASHED

Mean: 877.86
Minimum: 126,28

Median: 606.79
Maximum: 3 127.87

Std. Dev.: 700.62

Fig. 5. Spatial distribution of K in washed and unwashed hair in town of Kavadarci

Ca - Prediction Map of Hair - NOT WASHED

.

/7 Populated area

Mean: 1 793.46
Minimum: 564,52
Median: 1 554.29

Maximum: 3 696.29
Std. Dev.: 727.62

Fig. 6. Spatial distribution of Ca in washed and unwashed hair in town of Kavadarci
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Fig. 7. Spatial distribution of Li in washed and unwashed hair in town of Kavadarci
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Fig. 8. Spatial distribution of Be in washed and unwashed hair in town of Kavadarci

Geologica Macedonica, 28 (1), 55-86 (2014)
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Fig. 9. Spatial distribution of Ba in washed and unwashed hair in town of Kavadarci
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Fig. 10. Spatial distribution of Sr in washed and unwashed hair in town of Kavadarci

Geologica Macedonica, 28 (1), 55-86 (2014)



74

Boev, A. Sosa

P - Prediction Map of Hair - NOT WASHED

P - Prediction Map of Hair - WASHED

P (malkg)
I 192.19 - 221.06
179.62 - 192.19

160.77 - 179.62

14924 - 160.77

2 2 F 2 g Percenlie

136.51 - 148.24
10 125.73 - 136.51
5 I 98.74-12573

<

A S
. |2

{;

Minimum: 98,74

Maximum: 231.56

U - Prediction Map of Hair - NOT WASHED

Mean: 163.88 Sampling paoint ———  Ropad imamdtes Mean: 115.95

S ’ . - 43 —
Median: 160.77 {,7/; Populated area ——  River T Median: 111.73
Std. Dev.: 23.921 :

Fig. 11. Spatial distribution of P in washed and unwashed hair in town of Kavadarci
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Fig. 12. Spatial distribution of U in washed and unwashed hair in town of Kavadarci

Geologica Macedonica, 28 (1), 55-86 (2014)
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Fig. 13. Spatial distribution of Th in washed and unwashed hair in town of Kavadarci
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Fig. 14. Spatial distribution of Ga in washed and unwashed hair in town of Kavadarci

Geologica Macedonica, 28 (1), 55-86 (2014)
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Fig. 15. Spatial distribution of Ge in washed and unwashed hair in town of Kavadarci
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Fig. 16. Spatial distribution of Ni in washed and unwashed hair in town of Kavadarci

Geologica Macedonica, 28 (1), 55-86 (2014)



Contents of elements in traces in the hair of various population groups in Kavadarci as indicator of the aero pollution

77

Cr - Prediction Map of Hair - NOT WASHED

@ o Percentile

Cr(malkg)

| 288-346
216-288

162-2.16

1.10-162

0.82-1.10

0.66-0.82
I 0.02 -0.68

2

it
dete
b

-.,\g:.l'l"’-‘"
LR

Mean: 1,73
Minimum: 0.02

Median: 1.62
Maximum: 5.26

Std. Dev.: 0.85

Fig. 17. Spatial distribution of Cr in washed and unwashed hair in town of Kavadarci
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Fig. 18. Spatial distribution of Fe in washed and unwashed hair in town of Kavadarci

Geologica Macedonica, 28 (1), 55-86 (2014)
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Fig. 19. Spatial distribution of Co in washed and unwashed hair in town of Kavadarci

Mn - Prediction Map of Hair - NOT WASHED Mn - Prediction Map of Hair - WASHED

Mn (mg/kg)
14.20- 19.85

10.33 - 14.20

6.70-10.33

- 417-B.70

278-417

236-2.18

0.10-2.36

Mean: 8.04
Median: 6.70
Std. Dev.: 5.54

Mean: 0.42
Median: 0.32
Std. Dev.: 0.36

Sampling point
/7 Populated area

—— Road
— River

Minimum: 0.10
Maximum: 36.80

Minimum: 0.04
Maximum: 1.66

Fig. 20. Spatial distribution of Mn in washed and unwashed hair in town of Kavadarci

Geologica Macedonica, 28 (1), 55-86 (2014)
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Fig. 21. Spatial distribution of Tl in washed and unwashed hair in town of Kavadarci
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Fig. 22. Spatial distribution of Pb in washed and unwashed hair in town of Kavadarci

Geologica Macedonica, 28 (1), 55-86 (2014)
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Fig. 23. Spatial distribution of Cu in washed and unwashed hair in town of Kavadarci
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Fig. 24. Spatial distribution of B in washed and unwashed hair in town of Kavadarci
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Fig. 25. Spatial distribution of Zn in washed and unwashed hair in town of Kavadarci
N
As - Prediction Map of Hair - NOT WASHED As - Prediction Map of Hair - WASHED A
£
As (mghkg) S Aot
0.33-043 o8 0.08 - 0.08
0.24-033 a0 0.06-0.08
0.20-0.24 75 0.04 -0.06
0.15-0.20 50 0.04 - 0.04
0.11-0.15 25 0.03-0.04
0.09-0.11 10 0.02-0.03
0.005 - 0.08 5 0.008 - 0.02

Mean: 0.21 i :
Minimm: 0,005 Median: 0.20 . Samping pont oz Minimam: 0.0079 x:. ?m
Maximum: 0.709 o //,// Populated area — River Maximur: 0.1055 an: 0.

Std. Dev.: 0.096 Std. Dev. 0.02

Fig. 26. Spatial distribution of As in washed and unwashed hair in town of Kavadarci
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Fig. 27. Spatial distribution of Mo in washed and unwashed hair in town of Kavadarci
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Fig. 28. Spatial distribution of Cd in washed and unwashed hair in town of Kavadarci

Geologica Macedonica, 28 (1), 55-86 (2014)
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Fig. 29. Spatial distribution of Bi in washed and unwashed hair in town of Kavadarci
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Fig. 30. Spatial distribution of Sb in washed and unwashed hair in town of Kavadarci

Geologica Macedonica, 28 (1), 55-86 (2014)
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Fig. 31. Spatial distribution of Sn in washed and unwashed hair in town of Kavadarci
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Fig. 32. Spatial distribution of Ti in washed and unwashed hair in town of Kavadarci
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Contents of elements in traces in the hair of various population groups in Kavadarci as indicator of the aero pollution
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Fig. 33. Spatial distribution of V in washed and unwashed hair in town of Kavadarci
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Fig. 34. Spatial distribution of Pd in washed and unwashed hair in town of Kavadarci
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Fig. 35. Spatial distribution of Ag in washed and unwashed hair in town of Kavadarci
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