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Abstract

In this paper are given the results obtained for concentration of macro,
micro, trace and ultratrace elements in some drinking waters from eastern and
south-eastern Macedonia. In our study were investigated 9 samples of drinking
waters from the towns:Veles, Stip, Vinica, Pehcevo, Delcevo, Radovis,
Negotino, Bogdanci and Dojran. Obtained results showed that most of the
analyzed elements in all selected water samples were below the Macedonian
maximum allowable levels and WHO water standards. Knowing the water
quality of the research area is of particular importance because these waters
are used by the residents of this region as drinking water. According to the
obtained values for total hardness investigated waters are hard, moderately
hard and very hard, except in Veles, where the water is soft. After Piper diagram
the type of water in the study area is mainly calcium / magnesium bicarbonate.

Key words: drinking water; trace elements; pH; TDS

165



dakynTeT 3a MPUPOJHHA 1 TEXHUIKU HAYKH
IIPHPOIHM PECYPCH M TEXHOJIOT MM Ynusepsurer ['oue emues” — Wltun

XEMUNCKHN KAPAKTEPUCTUKHN HA HEKOU BOU 3A ITUEILE
OO MCTOYHA N JYTONCTOYHA MAKEJOHNJA

Tena lllnjakoa-UBanosa', biaxo boes!,
Becna 3ajkoBa-IlaneBa’, Bojo MupuoBcku'

1

dakyaTeT 3a MPUPOJIHA U TEXHUIKHU HAYKH,
Yuusepsurer ,,['one Hemues*, [ltun
tena.ivanova@ugd.edu.mk

AncTpakr

Bo oBoj Tpyn ce mafeHa TeOXeMUCKUTe KapaKTEePUCTUKU HA BOJUTE 3a
nmewe of Mcrouna Makefionuja u jyrouctoyHa MakenoHuja. AHATU3UPaHU
ce JIeBeT npuMepoL Ha Boja of rpajosute: Benec, Iltun, Bunuua, Ilexyeso,
emueBo, Pagosuin, Herotuno, Bormanuu u [lojpan. [lobuenute mopaTouu
nokaxkaa Jieka HajrojieM Jiel Off UCTUTYBAaHUTE EJIEMEHTH Ce BO T'paHUILIUTE
HA MaKCUMAaJHO [IO03BOJICHUTE KOHILEHTpauuu mnponumanu of CerckaTa
3apaBcTBeHa opranusainyja. Crnopes NOOMEHMTE BPEIHOCTH 3a TBPAOCTA Ha
BOJATA, UCTIMTYBAHUTE BOJM CE€ TBPAU, YMEPEHO TBPAU M MHOTY TBPAH, CO
UCKJTy4OK Ha Bopata ofi Benec koja e meka. Bucokure BpegHOCTH 32 TBpIOCTA
Ha BOjlaTa Ce MOJDKaT TJIaBHO HAa PACTBOPJMBOCTA HA KapOOHATHUTE KapIH.
Crnopen Piper aujarpamor, aHanM3upaHUTe BOAU CE€ KaJldym/MarHe3myM
OUKapOOHATHU.

Kunyunu 360poBu: 600u 3a nuerwe, eaemenmu 8o mpazu, pH, TDS.

Introduction

Water is important source of intake of trace elements in humans and
an essential component for life. The chemical constituents of natural water
are derived from water—rock interactions such as dissolution and mineral—
water equilibria. In drinking waters, trace elements, especially metals, may
be present in different physico-chemical forms varying in size, charge and
density. Trace elements can be categorized into those essential to human life,
such as Fe, Cu, Mn, Cr, Co, Mo, Se, Zn and those potentially toxic like Ag,
As, Cd, Pb and Ni. Certain essential trace elements such as Cr, Fe, Co, Mn and
Se can be toxic when concentrations are raised above specific levels. Trace
elements concentrations in the natural waters vary widely depending on the
geochemistry of rocks in the immediate environment. Trace elements needed
in very minute quantities [1] may have biotoxic effects in human biochemistry
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and are of great concern. Knowledge of rock types and mineralization in a
particular area can help to find out potential health problem with concentration
of particular elements and the type of trace elements contaminates varies with
the mineralization of the area [2],[3].

Results and discussion

In our study were investigated samples of drinking waters from the
towns: Veles, Stip, Vinica, Pehcevo, Delcevo, Radovis, Negotino, Bogdanci
and Dojran. Localities where samples were taken are shown in Figure 1.

Fig. 1. Localities where samples are taken

According to quantity, elements in drinking waters are devided on:
macro (majority) elements: >100 mg/kg (ppm) = 0.01% Na, K, Mg, Ca, CI,
P, — micro (minority) elements: 10 — 100 mg/kg Fe, Zn, — trace elements: < 10
mg/kg Al, A<, B, Cd, Co, Cr, Cu, F, Hg, I, Mn, Mo, Ni, Pb, Se, Sn, — ultratrace
elements<1 Hg/kg(ppb). There are several factors that control how much of a
certain trace element will be present in drinking waters: amount of the element
in the rock through which the water flows; solubility of that element under the
conditions that exist in the aquifer; flow rate of the water and hence the contact
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time between the water and the rock [4]. The presence of macro, micro, trace
and ultra-trace elements in investigated water samples have been depicted in
tables 1,2, 3,4 and 5 respectively.

The contents of Ca?* and Mg?* determine the hardness of the water,
which is an important parameter for reducing the toxic effects of some of the
elements. Concentration of calcium in studied waters is in range of 20-53.6
ppm. Concentration of magnesium in studied waters varies from 2.30-30.0

Table 1 Concentration of Ca, Mg, Na, K, Fe, Mn, Al, B, Mo and Ti

Ca | Mg Na K Fe Mn Al B Mo | Ti
Veles 200 | 274 | 353 | 3.3 | 22.7 | 3.36 | 16.66 3 022 | 26
Stip 263 12567 | 100 | 73 | 279 | 0.15 | 0.054 | 123 | 0.88 | 32
Radovis 342 11045 723 | 24 | 29.7 | 006 | 0.10 3 042 | 41
Vinica 208 | 544 | 398 | 29 | 304 | 0.10 | 59.63 3 021 | 35
Pehcevo 298 | 933 |10.77| 3.1 | 25.6 | 0.87 | 0.11 3 026 | 36
Delcevo 30 | 20.75(21.85] 4.1 | 303 | 030 | 1574 | 41 098 | 36
Bogdanci | 40.8 | 29.15|24.08| 74 | 314 | 0.10 | 0.07 92 | 0.89 | 50
Dojran 30.2 | 3000 | 10.0 194 39.6 | 0.07 1.13 | 131 | 7.35 | 38
Negotino | 53.6 | 230 | 232 | 1.8 | 262 | 0.08 | 0.04 3 0.37 | 65

The major source of sodium in natural waters is from weathering of
feldspars, clay and evaporates. Sodium salts are very soluble and remain in
solution. Concentration of sodium in studied waters varyies from 2.3211 to
24.08 ppm.

Potassium is less abundant than sodium in natural waters. Its concentration
rarely exceeds 10 mg/l in natural waters. The range of specific levels of sodium
is minimum 1.8 ppm in Negotino to maximum 19.4 ppm in Dojran.

The graphic presentation on concentrations of Ca,Mg,Na and K is given
in fig. 2
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Fig 2 Graphic presentation of the concentration of Ca,Mg,Na and K

Table 2 Concentration of Sr, Ba, Rb, Li, Cs, Be, Zn, Pb, Cd, Cu and Ni
Sr |[Ba| Rb | Li | Cs Be 7Zn Pb Cd Cu Ni

Veles 502 |143| 13 [0.07[0.007| 13.56 | 0.04 | 0.04 | 8.24 | 2.00
Stip 529[12410.55] 9.0 |0.0610.003| 580 | 033 | 001 | 2.01 | 0.59
Radovis |633] 3 |0.33| 1.6 [0.06[0.003| 3.18 | 0.08 | 0.01 | 0.75 | 0.54
Vinica 8621074 1.2 |0.07|0.005| 649 | 0.11 | 0.02 | 1.50 | 0.94
Pehcevo | 63| 2 429 1.8 [0.30[0.004| 50.72 | 0.08 | 0.15 | 2.05 | 2.60
Delcevo [233]32]0.95]|149(0.07|0.004| 538 | 0.19 | 0.03 | 2.58 | 4.30
Bogdanci |[230] 6 |0.50| 1.5 |0.05/0.005| 4.78 | 032 | 001 | 2.52 | 1.03
Dojran 365 7 [0.68] 1.8 |0.03]0.004| 821 | 033 | 0.02 | 294 | 151

Negotino |101| 3 |3.43] 1.0 |0.77]0.003| 22.05 | 0.09 | 0.01 | 0.76 | 0.86
Graphic presentation of the concentration of Sr, Ba, Rb and Li is shown
in Fig.3
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Fig 3 Graphic presentation of the concentration of Sr, Ba, Rb and Li

Table 3 Concentration of Co, Cr, V, As, Se, Sb, T, Bi, Ga, Ge and Pd
Co | Cr A\ As Se Sb Tl Bi | Ga | Ge | Pd
Veles 0.14]10.13 006 | 0.17 |0.42]0.19 {0.10[0.02|0.41|0.04 |0.06
Stip 0.16{043 (090 | 099 |0.73]0.21 |0.07]0.02|2.09]0.11 |0.10
Radovis 0.1410.19 1029 | 0.24 |050(0.05]0.08[0.01|0.69|0.05(0.03
Vinica 0.1710.16 | 0.20 | 0.29 |0.41(0.14 {0.11 {0.03|0.53|0.05(0.05
Pehcevo 0.171025|0.16 | 0.28 |040({0.02]0.13]0.18|0.43|0.11 {0.09
Delcevo 0.831029 (049 | 0.67 |0.63]0.71 {0.080.02|2.63|0.08 |0.03
Bogdanci |0.26]0.88|12.52 | 097 |134]0.78 10.07|0.08 | 1.11 | 0.09 |0.02
Dojran 020068 |2.14 [ 15.80({0.84|1.00|0.05]|0.03|{1.25]|0.17 |10.09
Negotino 02210531121 325 ({047]0.160.110.05({0.62|0.05|0.07

Table 4 Concentration of Ag, Sn, U, Cl, F and pH

Ag Sn U Cl F pH
Veles 002 | 0.05 | 0.001 9.64 0.22 6.99
Stip 049 | 0.02 3.30 61.07 047 7.59
Radovis 001 | 0.05 1.28 13.93 05.29 7.7
Vinica 005 | 0.14 0.04 12.86 0.31 7.29
Pehcevo 001 | 006 | 0.002 8.57 0.27 7.29
Delcevo 0.01 | 033 1.79 15.00 0.31 7.19
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Bogdanci 0.08 0.04 143 57.86 0.39 7.39
Dojran 0.05 0.06 3.53 148.93 1.19 7.89
Negotino 0.09 0.02 0.40 9.64 0.21 7.69

Sulfate is the form in which sulfur usually occurs in water. The maximum
value of sulfate in drinking water is 400 mg/liter. Sulphate concentration in
investigated waters varies from 14.26 in Stip to 111.86mg/l in Dojran and
these values are within permissible limits prescribed by WHO. (Table 4)

Chloride concentration varies from 8.57 to 148.93 mg/l which is lower
than the WHO standards.

Fluoride concentrations in water are normally very low. According to
[5], the maximum permissible limit of fluoride in drinking water is 1.5 ppm.
Fluoride concentrations above 1.5 ppm in drinking water cause dental fluorosis
and much higher concentration skeletal fluorosis. [6],[7]. Concentration of
fluoride in the study area is in the range of acceptable limit 0.21-1.19 mg/1 of
WHO guidelines for drinking water quality [8]. Dependence between Cl — K,
C1-HCO , F -Cl, F -Mg and F K is proportional.

Proportional dependence between Cl - K, C1 -HCO , F -Cl, F -Mg and
F --K is shown on fig. 4,5,6,7 and 8 respectively.
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Fig 4 Dependence between Cl and K
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Table 5 Concentration of NO,, NO,, PO,, NH,, COS’ SO42"HCO3 and

CaCo,

NO, | No, [ Po, | NH, | so4> | co, | HCO, | caco
Veles 136 | 001 | 117 | 001 | 3221 | 300 | 50 | 50.00
Stip 561 | 002|131 ] 002 | 1426 | 395 | 300 | 65.75
Radovis 024 | 001|107 ] 001 | 3688 | 513 | 142 | 8550
Vinica 418 | 001 [ 101 ] 001 | 3859 | 447 | 71 | 7450
Pehcevo 011 | 001|273 ] 001 | 9542 | 447 | 79 | 7450
Delcevo 348 | 001 | 487 [ 001 [ 6975 [ 450 | 155 | 75.00
Bogdanci 2753 [ 001 | 223 ] 001 | 98.16 | 612 | 281 | 102
Dojran 242 001 | 176 | 001 | 11186 ] 453 | 421 | 7550
Negotino 074 | 002|222 002 [10172] 804 | 98 134

Graphic presentation of the concentration of NO,, PO,, and SO4* is
given in fig 5. ’
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Fig 9 Graphic presentation of the concentration of NO,, PO,, and
SO4> ’

TDS is used for estimation of total dissolved salts in water [9], which
may have an impact on the taste and suitability for use of water for various
purposes. The measured values for TDS varies from 100 to 843 ppm. On
comparison with the WHO water standards (1000 ppm) was observed that in
all tested waters the TDS value is lower than the WHO standard.
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EC The electrical conductivity is a measure of the capacity of water to
conduct electrical current, it is directly related to the concentration of salts
dissolved in water, and therefore to the Total Dissolved Solids (TDS). Obtained
values for TH, TDS and EC are given in table 6.

Table 6 Concentration of TH, TDS and EC

Hardness
concentracion CaCO, Classification TDS | EC (uS/cm)
(mg/l) (TH)
Veles 50 soft water 100 156
Stip 300 very hard water 601 939
Radovis 142 hard water 285 445
Vinica 71 moderately hard water | 142 221
Pehcevo 79 moderately hard water | 158 247
Delcevo 205 very hard water 310 484
Bogdanci 281 very hard water 362 566
Dojran 421 very hard water 843 1317
Negotino 98 moderately hard water | 197 308

After Piper diagram fig. 2 the type of water in the study area is mainly
calcium / magnesium bicarbonate. This diagram consists of two lower triangles
that show the percentage distribution, on the milli equivalent basis, of the major
cations (Mg**, Ca** and Na**+ K* ) and the major anions (CI* , SO, * and CO,>
+ HCO, ) and a diamond-shaped part above that summarizes the dominant
cations and anions to indicate the final water type [10]. This classification
system shows the anion and cation facies in terms of major-ion percentages.
The water types are designated according to the area in which they occur on the
diagram segments. The cation distribution indicates that the samples range in
composition from calcium / magnesium to predominantly mixed cation. In the
anion triangle, there is a tendency toward bicarbonate type water.
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Fig 10. Piper diagram

As a result of high concentration of calcium and magnesium, water in
some of investigated samples is hard, moderately hard and very hard.

Conclusion

From the presented facts above it can be concluded that most of the
analyzed elements in all selected water samples were below the Macedonian
maximum allowable levels and WHO water standards. According to the
obtained values for total hardness investigated waters are hard, moderately
hard and very hard, except in Veles, where the water is soft. High values
for total hardness are mainly due to solubility of carbonate rocks. After Piper
diagram the type of water in the study area is mainly calcium / magnesium
bicarbonate.
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