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A b s t r act: This paper presents the results of several months' investigations carried out on the heavy metals 
and toxic metals in waste waters from the town of Skopje that flow into the River Vardar. The results discovered in
creased amounts of arsenic, manganese and silver in the waste waters that come from the activities in industrial facili
ties located in and around the town 
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INTRODUCTION 

The town of Skopje is a large urban settle
ment with many industrial facilities that have great 
influence on the character and quality of the envi
ronment. The industry and traffic carry in various 
kinds of materials constantly changing the envi
ronment. This has a great impact on the quality of 
air, water, soil, plants, wildlife and, most of all, 
people. 

The aim of the project entitled Heavy and 
toxic metals in the waste waters from some indus
trial facilities in the town of Skopje was the deter
mination of the amount of heavy and toxic metal in 
the waste waters from the town that flow into the 
Vardar Ri ver . 

The destructive activities of present day life 
of four billion people on the earth raises the issue 
of the survi val of the global geosystem that may 
lead to changes that endanger the survival of the 
whole population. 

Natural systems on earth, expected to change 
in the future, will develop free of human beings. 
The only loosers will be people. Because of this 
and many other reasons the protection of the envi
ronment has become an important issue. 

The scientific and technological evolution, 
made possible by great inventions in the field of 
natural sciences such as Biology, Chemistry, Ge
ology, Physics, etc., contributed to the complex 
relationship between man and the environment 
inflicting significant changes to the ecological sys
tems and the regulation of the biosphere. 

Latest scientific and technological inventions 
have an impact on the pollution of the environment 
(water, soil and air) and to a decrease in the quality 
of arable land and the number of animal and plant 
species. 

The substances representing the greatest pol
lutants are waste waters, wac;te gases, dust emis
sion coming from chemical industry, metallurgy, 
mining activities and other industrial facilities. 
They are harmful components because they carry 
large amounts of heavy metals and toxic materials. 

The amount of heavy and toxic metals is con
stantly increased by erosion processes. The in
creased concentration, however, comes from waste 
waters and materials from industrial facilities. 

Heavy metals are characterized by the proper
ties that they do not decompose and cannot adhere 
to the river bed sediment. 
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Some heavy metals such as As, Se, Te and 
Au can be affected by biochemical transformation 
and change to metall-organic compounds which 
are several times more toxic than the inorganic ones. 

When heavy and toxic metals occur in in
creased concentrations in soil and water they can 
also be found in increased concentrations in vari
ous animal and plant species. As an example one 
should mention their effect on the decrease in the 
variety and density of population in highly con
taminated areas. Waste waters containing in
creased amounts of heavy and toxic metals cause a 
change in the physical conditions in natural water 
systems and the pH in water. 

The most common heavy metals pollutants 
are As, Cd, Cu, Pb, Hg, Ni, Zn, Cr, etc., and the 
most toxic ones are Hg, Pb, Cd, As, Se and Be. 
The possible most poisonous metals found in high 
concentrations are Sn, Ni, Cu, Zn and Co. 

However, with heavy and toxic metals one 
must bear in mind the amount that defines the limit 
of toxicity in certain secondary geochemical envi
ronments. It is also noteworthy that some metals 
are necessary for the functioning of human organs 
as important processes to life. Poisoning happens 
only when the concentrations exceed the allowed 
concentrations by several times. 

METHOD OF WORK 

Analyses of surface waters, drinking water 
and waste waters provide infoonation on the bctter 
asscssment of the quality of water (among which 
the presence of toxic elements). They are neces
sary for the study of 

- planning and purification of surface waters, 
- preparation for the study of ecological moni

toring, and 
- the study of the effects of trace clements on 

the health of people, the water biotope, etc. 
Analyses include deteonination of the con

tents of major elements such as Ca, Mg, Na, K and 
those on the order of mg/dm3 as well as determina
tion of contents of mieroelements in concentra
tions on the order of J.lgldm3

• 

The methods of analyses are supposed to be 
simple, fast and delicate. Several methods are used 
for this kind of analyses (atomic absorption spec
troscopy, UV-VIS spectrometry, etc.). However, 
none of the methods mentioned above complies 
with the conditions. Lately, the method of emis
sion spectroscopy with inductive connected 
plasma or AES-ICP is used because it complies 
with the requirements for analyses of various kinds 
of water samples. 

AES-ICP is used as a method of routine simul
taneous detem-lination of major and trace clements for 
surface water samples, drinking water, waste wa
ters because of 

- the good sensitivity (low detection limits 
which are lower than maximum concentrations 
allowed), 

- multielement determination (several ele
ments can be deteonined simultaneously e.g., 16 
clements analyzed in this paper), 

- the time necessary for one analysis is short 
(e.g. around threc minutes are necessary for an 
analysis of 16 elements), 

- the high linear dynamic area of concentra
tions and minimum matrix effects (one can analyse 
the contents of major elements, subordinate ele
ments and trace elements with the same precision 
as they are analyzed in samples of one single ele
mcnt). 

The contents of clements examined were de
termined in atomic emission spectrometer with 
ICP, model Liberty 110, which is in condition. 

The major characterisLics of the Liberty 110 
model are ali follows: 

Spectrometer: 
holographic grid, 

optical construction is 0.75 Czemy-Tumer, 

first order resol ution of 0.018 nm, 
wavelength are 189 - 940 nm. 

Radio frequency generator, 
computer controlled thickness of 0 - 1.7 kW, 
operation frequency amounting to 40.68 MHz, 

Sample of introduction system, 
peristaltic pump (computer controlled), 
Struman-Master dispersion chamber, 
glass-concentric disperser. 
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RESULTS AND DISCUSSION 

Table I 

Values measuredJor the cOllcelltratioll ojheavy and toxic metals in the waste waters that flow into 
the Vardar River in the area ojSkopje (in ppm). Time period: September 1998 

······._.M .• _···. 

pH 

As 

Ag 

Al 

Ni 

Mn 

Fe 

Cr 

Mg 

Na 

Ca 

Zn 

Cu 

Pb 

Cd 


Co 


K 


CK-1 CK-2 
_ _····__M·••·•••••••••___·· __·._.• _ _" 

8.0 7.9 
.........__._-_.-...._--..._-_.._--_....•. --- 

0.04507 0.06176 

0.01070 0.01238 

0.1831 0.1439 

0.01699 0.00639 

0.02238 0.01755 

0.04770 0.06117 

0.00458 0.00526 

19.14 18.15 

65.20 40.71 

83.62 88.31 

0.04247 0.03529 

0.03541 0.01792 

0.00784 0.00923 

0.00118 0.00148 

0.00736 0.00726 

10.20 11.67 

CK-3 CK-4 
_...........•.•,.."", .._-_.......•-.•.._......., .................................--.---

7.75 7.9 _ ..... ...........-...-.....-....-.... .........-..-.
~.-

0.07703 0.6719 

0.01595 0.01413 

0.01459 0.1997 

0.00356 0.00157 

0.02527 0.02131 

0.1056 0.03343 

0 .01170 0.01470 

16.44 25.06 

136.4 38.99 

88.17 90.79 

0.06679 0.00996 

0.03804 0.03372 

0.00485 0.00541 

0.00016 0.000484 

0.00070 0.02916 

14.78 12.26 

~--

CK-5 
~-. -

8.0 

0.08806 

0.00769 

0.00042 

0.01222 

0.2799 

0.09101 

0.00321 

23.02 

50.14 

88.87 

0.02165 

0.00351 

0.00679 

0.00171 

0.01336 

7.185 

CK-6 
..................._-

8.0 
..........-.--....•.--- 

0.08074 


0.01097 


0.03268 


0.00448 


0.01622 


0.1169 


0.00429 


23.44 


109.3 


70.47 


0.02092 


0.003646 


0.01462 


0.00056 


0.00071 


3.976 

Table 2 

Concentrations measured (in ppm) ill river runoffs in the country 

Element 1 & 2 category 

As 

Ag 

Al 

Ni 

Mn 

Fe 

Cr 

Mg 

Na 

Ca 

Zn 

Cu 

Pb 

Cd 

Co 

K 

0.05 

0.01 

0.05 

0.5 

0.1 

0.2 

0.1 

0.05 

0.005 

0.2 

3 & 4 category 

0.05 

0.02 

0.1 

1.0 

0.5 

1.0 

0.1 

0.1 

0.01 

2.0 
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Table 3 Tab] 

Values measuredfor the concentration of heavy and toxic metals in the waste waters 
that flow into the Vardar River in the area ofSkopje (in ppm). Time period: October 1998 

Tabl 

SK-l SK-2 SK-3 SK-4 SK-5 SK-6 
•••••••••• _ ••H .•• _ _ .H• . •• __ •••••• ......... . .... .._............•..__......-..._ ...-. ... -.. . .................................--_....._ • ............. _••• __ •••_ • •••••• • • _ _ ·H •• ••••••
.~ 

pH 8.0 7.8 7.8 7.9 8.0 7.9 

As 0.03821 0.05223 0.06733 0.06115 0.07552 0.08321 

Ag 0.01230 0.01150 0.01340 0.01512 0.00951 0.01120 

Ai 0.1750 0.1530 0.01220 0.1850 0.1030 0.04538 

Ni 0.02031 0.00428 0.00280 0.00350 0.01520 0.00630 

Mn 0.03321 0.02055 0.02820 0.0335 1 0-3750 0.02630 

Fe 0.05570 0.07180 0.1532 0.04421 0.05551 0.2031 

Cr 0.00437 0.00498 0.00543 0.01102 0.00342 0.00456 

Mg 18.67 17.73 14.86 19.93 20.02 22.96 

Na 67.32 45.38 128.05 28.50 39.20 98.30 

Ca 85.30 87.20 91.30 95.69 85.20 75.50 

Zn 0.02520 0.02021 0.03525 0.02850 0.00230 0.02282 

Cu 0.03821 0.02052 0.04021 0.04272 0.00521 0.00431 

Pb 0.00653 0.00821 0.00550 0.00630 0.00580 0.02031 

Cd 0.00151 0.00171 0.00022 0.00025 0.00231 0.00033 

Co 0.00428 0.00636 0.00025 0.03315 0.0118 0.00065 

K 11.30 12.50 13.60 13.70 8.235 4.531 

Table 4 

Concentrations of heavy and toxic metals in the waste waters that flow into the Vardar River 
in the area ofSkopje (in ppm). Time period: November 1998 

SK-1 SK-2 SK-3 SK-4 SK-5 SK-6 
.... ........ __ .__ .. _----- ••••••••••••••••••••••••••• H •.• H.H __ ••••_ •••• .............................................._--_.. ,-.. __ ..... 


pH 8.0 7.9 8.3 7.9 7.9 8.35 

As o.I572 0.05389 0.01895 0.2507 0.08126 0.03275 

Ag 0.01213 0.01178 0.00793 0.00285 0.00471 0.00402 

Ai 0.1540 0.00835 0.00039 0.01044 0.1244 0.00839 

Ni 0.01889 0.01217 0.00561 0.00546 0.01665 0.00182 

Mn 0.01929 0.01286 0.01519 0.0223 0.4562 0.00244 

Fe 0.04854 0.03648 0.03567 0.04192 0.04392 0.02282 

Cr 0.00409 0.00128 0.00673 0.00621 0.00644 0.01482 

Mg 18.62 17.07 15.16 14.36 20.76 14.53 

Na 68.10 31.71 38.56 41.67 32.89 78.63 

Ca 82.74 84.61 79.45 78.52 81.56 28.37 

Zn 0.04419 0.01667 0.04402 0.02111 0.02398 0.02945 

Cu 0.01819 0.02006 0.04230 0.01710 0.01322 0.00326 

Pb 0.00167 0.00240 0.01316 0.01322 0.00409 0.01575 

Cd 0.00036 0.00030 0.00096 0.00242 0.00299 0.00012 

Co 0.00227 0.02036 0.00030 0.01132 0.01241 0.02827 

K 11.13 10.85 16.77 12.56 5.344 4.732 
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Table 5 

Concentrations ofheavy and toxic metals in the waste waters thatflow into the Vardar River 
in the area ofSkopje (in ppm). Time period: December 1998 

SK-I SK-2 SK-3 SK-4 SK-5 SK-6 

pH 8.05 8.2 8.2 8.0 7.9 7.2 

As 0.05585 0.02755 0.2068 0.01045 0.02661 0.1220 

Ag 0.01461 0.02403 0.04745 0.02236 0.03491 0.0297 

Al 0.1768 0.1465 0.1568 0.1600 0.1663 0.2471 

Ni 0.01462 0.00738 0.00492 0.01965 0.03246 0.01551 

Mn 0.01705 0.01523 0.01887 0.03414 0.5316 0.00611 

Fe 0.06476 0.04473 0.05287 0.09153 0.5855 0.02935 

Cr 0.00290 0.00367 0.00963 0.00067 0.00019 0.00082 

Mg 20.53 19.13 16.32 19.73 22.58 21.85 

Na 43.01 32.62 41.78 56.89 67.08 146 

Ca 102.4 105.1 103.9 101.0 111.9 157.0 

Zn 0.07375 0.04016 0.07154 0.1040 0.02889 0.00112 

Cu 0.03521 0.02228 0.05704 0.02289 0.01536 0.0091 

Pb 0.02134 0.00637 0.00995 0.00325 0.00323 0.00091 

Cd 0.00079 0.00138 0.00008 0.00273 0.00109 0.00170 

Co 0.00831 0.00762 0.00429 0.01301 0.00414 0.00794 

K 9.314 8.768 16.47 14.71 12.21 4.306 

Table 6 

Concentrations ofIwavy and toxic metals in the waste waters that flow into the Vardar River 
ill the area ofSkopje (in ppm). Time period: January 1999 

SK-I SK-2 SK-3 SK-4 SK-5 SK-6 

pH 8.85 8.25 8.60 8.05 8.35 8.15 

As 0.07016 0.1735 0.2314 0.1539 0.07588 0.1819 

Ag 0.01051 0.00572 0.00731 0.00153 0.00026 0.00174 

Al 0.04064 0.1999 0.01736 0.2592 0.00403 0.00983 

Ni 0.01659 0.00095 0.00381 0.01769 0.00854 0.00376 

Mn 0.01734 0.01116 0.01333 0.01866 0.2008 0.00044 

Fe 0.05037 0.03033 0.04343 0.05392 0.2585 0.01024 

Cr 0.00248 0.00303 0.00351 0.00357 0.00483 0.00064 

Mg 16.63 16.12 14.31 13.44 11.54 18.29 

Na 45.80 26.50 33.11 39.81 21.60 16.93 

Ca 77.95 78.17 78.36 76.72 63.71 73.00 

Zn 0.04837 0.03536 0.06689 0.04889 0.02839 0.00680 

Cu 0.01046 0.00143 0.02340 0.00048 0.00461 0.00548 

Pb 0.02761 0.01064 0.01718 0.03965 0.01813 0.00655 

Cd 0.00005 0.00050 0.00003 0.00009 0.00098 0.00030 

0.00534 0.00971 0.00661 0.01060 0.00173 0.00389 

5.111 4.468 9.855 7.668 3.964 2.244 

2.170 2.335 5.843 5.191 1.933 1.394 

14.504 10.529 16.389 14.463 6.002 20.814 

Geologica Macedonica. 13, 97-104 (1999) 
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Table 7 

Concentration ojheavy and toxic metals in the waste waters that/low into the Vardar River 
in the area ojSkopje (in ppm). Time period: February 1999 

SK-I SK-1 SK-3 SK-4 SK-5 SK-6 
... ... .... .........-_....._-...._..__.._........_...._.... .............. -._.._-.---_ ..._- ....__._._........... .......-- - .-.._-_.

pH 8.40 8.30 8.50 8.15 8.25 8.20 

As 0.06025 0.1842 0.2521 0.1678 0.08232 0.1712 

Ag 0.01115 0.00452 0.00651 0.00142 0.00015 0.00145 • 
AI 0.05115 0.2011 0.02231 0 .1552 0.00452 0.00511 

Ni 0.01310 0.00331 0.00151 0.01321 0.00653 0.00313 

Mn 0.01534 0.01416 0.01220 0.01750 0.2122 0.00022 

Fe 0.04020 0.03530 0.04542 0.06092 0.2858 0.01310 

Cr 0.00351 0.00423 0.00313 0.00363 0.00521 0.00025 

Mg 15.50 17.10 13.10 14.50 12.45 18.45 

Na 44.20 29.31 32.11 38.15 12.30 18.50 

Ca 78. 16 77.13 75.21 75.31 65.60 72.00 

Zn 0.03150 0.03336 0.06898 0.04543 0.03039 0.00712 

Cu 0.01150 0.00132 0.01150 0.00032 0.00411 0 .00323 

Pb 0.01561 0.01130 0.01650 0.03131 0.01513 0.00453 

Cd 0.00031 0.00042 0.00001 0.00007 0.00052 0.00022 

Co 0.00414 0.00871 0.00341 0.01130 0.00162 0.00421 

K 5.155 4.311 8.621 7.530 4.250 3.150 

P 1. 160 2.150 5.630 5.200 2.130 1.431 

NINO)- 13.200 11.350 15.410 13 .350 8.120 21.211 

......--...•.~\:. 
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Fig. 1. Temporal faecal discharge in the River Vardar 
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Elements deternlined in all six gauging sta
tions in Skopje are as follows: As, Ag, AI, Ni, Mn, 
Fe, Cr, Mg, Na, Ca, Zn, Cu, Pb, Cd, K. Based on 
the results obtained it can be concluded that only 
two element<; show a continuously increased value in 
almost all measure sites (Fig.l).They are arsenic 
and silver. In one case only increased concentra
tion of iron was found in December. In all other 
measure sites elements were within the allowed 
limits over the whole time period of survey. The 
increased concentration of arsenic and silver 
should be studied in ternlS of discovering the facil
ity that causes the pollution. Most probably some 
industrial facilities use raw materials or semi
finished products which contain increa'ied contents 
of arsenic and silver. A prompt discovery of the 
location of these facilities is necessary in order to 
take measures for solving the issue. 

A comparison between these data with those 
obtained from investigations on the quality of wa
ter of the Bregalnica River (Boev et al., 1997) in
dicates that the highest values of As measured for 
the water of the Bregalnica along its flow through 
the town of Stip range from 0.12 to 0.18 ppm, 
whereas in the Vardar River they reach 0.25 ppm 
which is five times higher than the concentrations 
allowed for As in running water. 

The As concentration in the upper course of 
the Bregalnica River where waste water from in
dustrial facilities with As in the production proc

esses flow in (reagents in waste ore) from the Sa<;a 
Pb-Zn mine are also much higher. In the lower 
course measurements indicate that As concentra
tion is much lower due to its slow mobility geo
chemical properties (Boev, Lepitkova, 1998). 

Investigations carried out in the upper course 
of the Kriva River show increased concentrations 
that are above the allowed concentrations of al
most all heavy metals. This is due to increa<;ed pol
lution by waste waters coming from the flotation 
plant in the Toranica mine. 

Investigations carried out in the area of the 
Zletovska River indicate increased concentrations 
in the intlowing water from the Kiselicki Potok 
(stream) where wa<;te waters are discharged after 
the processing of the Pb-Zn ore from the Zletovo 
mine (Boev et al., 1994, 1998) the most common 
being Pb, Zn and Cd. There, As occurs in in
creased amounts, whereas along the Zletovska 
River course its concentration decrea<;es and at the 
mouth of the river and the Bregalnica the concen
trations of As are within the limits allowed. 

Comparisons with the quality of waters in 
other rivers in the territory of Eastern Macedonia 
indicate that besides As and Ag concentrations of 
other elements in the Vardar River are within the 
limits allowed. This is not the case with waters in 
other pats of Ea~tem Macedonia where increa<;ed 
concentrations of other heavy metals are also 
found. 

CONCLUSION 


Based on the results obtained from the inves
tigations on the quality of waters in the Vardar 
River, in tenns of pollution by heavy metals, it can 
be concluded that the amount of these concentra
tion is within the limits allowed. Deviation were 
found only in the amounts of As and, in a few 
analyses, in the amount of Ag. Based on the com
parisons with the quality of water in some rivers in 
Ea<;tem Macedonia it can be concluded that the 
Vardar River is not highly polluted by heavy met
als from waste waters coming from industrial fa
cilities along its course through the town of 
Skopje. Much higher concentrations of heavy met

als are found in other rivers. That is the result of 
inflow of discharged waste waters after the min
erai processing of Pb-Zn ore into the river basins 
without any purification. This indicates that in the 
near future measures should be taken for the puri
fication of wa<;te waters from industrial facilities. 
This would upgrade the quality of waters in the 
Republic of Macedonia to I and II quality of run
ning waters which is considered to be safe water. 
This would have an immediate impact on the bet
ter quality of flora and fauna that live in the wa
ters. 
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Pe3nMe 

TEmKU U TOKCUqHU META.JIU BO OTnAAHUTE BOAU 

HA OME.JIHU UHAYCTPUCKU OEJEKTU BO rPAAOT CKOnJE 


CORja JIeuHTKoBa H GJlaJlw GoeB 

PyiJapcKo-'ieo.llOIUKIl cjJaKY.lliileiil, llliilllii, Peity0.llllKa MaKeiJoHltja 

K.JIY'IRH 36opOBH: TellIKH MeTanH; TOKCWIHH MCTanH; apceH; MaHT'aH; cpe6po 

Bo oBoj TPYA ce npHKa)l(aHn pe3ynTaTHTe OA nOBC KOH CC KOHCTaTHpaaT 3ronCMeHll COAP)l(lfHU Ha apceH, 
KeMeCe'flfHTe HCTpa)l(ysafha Ha np06ncMoT Ha npHcYT MaHT'aH H cpe6po BO OTnaAHnTe BOAlf Ha rpaAOT CKonje, 
HOCTa Ha TemKHTe H TOKCH'JHHTC MeTanH BO oTnaAH1ITC a KOH CC AlfpeKTHa nocnCAlfQa Ha pa60TaTa Ha HHAYC
BOAH Ha rpaAoT CKonjc KOH cc BnCBaaT BO pCKaTa Bap TpnCKHTe 06jCKTlf KOH CC nOl.l,JlpaHll BO rpaACKOTO no
lIap. OBHC HCTpa)l(ysafha BO OCHosa AaAoa pe3ynaTH co Apa'Ije. 
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