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ABSTRACT 
Krstié, S., Melovski, Lj ., Levkov, Z. and Stojanovski, P. (1994). Complex investigations on the river 

Vardar. II. The most polluted sites in the first three months. Ekol. Zast. Zivot. Sred., Vol. 2, No 2, Skopje. 
Presented article refers to complex physic-chemical and floristic investigations on river Vardar, 

Macedonia. The study has been started in February 1993 and tbe most polluted sampling sites along the river 
flow, amid the first one in high mountain region, in the first three months are presented. In addition to 25 
controlled physic-chemical parameters diatom flora communities were investigated through app. 1600 per­
manent slides. Diatom flora composition and floristic statistical indices in relation to determined pollution 
are discussed. 
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H3BO,D; 
KpCTJU{, C., MenoBCKB, J.b., JleBKOB, 3. H CTOjaHOBCKH, rr. (1994). KoMnneKCHH HCTpa2KyBaH>a Ha 

peKaTa Bapp;ap. II. Haj3ara.i:1eHBTe TO'IKH BO npSHTe TpH Mece~. EKOJJ. 3amT. )J(uBoT. CpeA., ToM 2, Bp. 
2, CKonje. 

TPYAOT ce OAHecyBa Ha KOMTineKcm1Te eKOCHCTeMCKH H cpnopucTH'l101 HCTpa2KYBaH.a Ha peKaTa 
BapAap, MaKeJI:oHHja. Û.II BCTp3)1(}'BaH>aTa 3ano~rnan1 eo cpeepyapH 1993 rop;HHa ce npKKa)!<aHH ttaj-
3arpo3eHeTe HCm1TyBaHH TO""IIGJ, ITOKpaj npBaTa BO 1'13BOpHweH nen, 3a npBHTe 3 MeCel(H. BKyTIHO 6ea 
CJieAem1 25 ciJH3H'lKO-XeMHCKH napaMeTpH H COCTaBOT Ha .I1RjaT0Mejc1ane 3aeAHUqH CO OKony 1600 TpajHH 
npenapaTH . .UecKyTUpaml ce COCTaBOT Ha .n:ejaTOMejcKaTa cpnopa " CT8THCTH'IKlITe cpnopmi HHAeKCB BO 
o.n;Hoc Ha yTBpAeHaTa nony~ja. 

Kny~ 360pOBB: .Illfj8TOMeH, peiœ, 3ara}zyBaJ::be, CTaTHCTB'IKH HH,IleKCR. 

INTRODUCTION 
As a central water ecosystem river Var­

dar's basin represents the most important and 
humanly influenced water resource in Mace­
donia. Recently proposed projects for its tur­
nover to a serial of dams and subsequently few 
stagnant water bodies have actualized the need 
for obtaining the ecological study and starting 
the pollution monitoring system. Although 
permanent the up-to-date mostly chemical in-

vestigations on river Vardar have pointed sev­
eral critical sites as severely polluted, but have 
done nothing in relation to complex impact of 
polluters on hydrobionts. Round (1991) states 
that both chemical and biological analyses are 
essential for monitoring the river conditions. 
But, as the chemical features have unpredict­
able fluctuations due to breakage of chemical 
compounds, absorption and interactions and 
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are diluted or changed in various degrees (wa­
ter flow, concentration of nutrients, nutrient 
imput, etc.) under the complex climate influ­
ence, the interpretation of those results be­
comes rather difficult except in broad terms. 
On the other band, biology phytocenosys and 
zoocenosys assessment at specified sampling 
sites or along the river is crucial for revealing 
the forced changes in the biocenosys composi­
tions and estimation of living world's response 
to overall chemical influence. In addition, the 
choosing of living organism for pollution moni­
toring is quite doubtful as well. Numerous 
attemptions for using animal biocenosys have 
pointed to various disadvantages due to com­
plex reproductive cycles, sampling difficulties 
and uneven distribution of groups along the 
river. Keithan et al. (1988) stated that in re­
spect of rivers longitudinal changes in physic­
chemical parameters qualitative differences in 
algal populations should be expected. Lange­
Bertalot (1978) bas an opinion that: " ... dia­
toms (Bacillariophyta) represent outstanding 
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bioindicators for different degrees of pollu­
tion ... ". 

Except the realized project by Sapkarev 
et al. (1990) and serial of papers (Krstié et al. 
1990; Kungulovski et al. 1990; Stojanovski & 
Krstié 1991; Krstié et al. 1992; Kungulovski et 
al. 1992; Krstié & Stojanovski 1993), which 
were mostly based on evaluation of microflora 
population diversity in relation to Sladecek 
(1973) system of saprobity indicators and un­
fortunately not supported by sufficient num­
ber of chemical parameters, only the article by 
Krstié & Melovski (1994) represents the first 
attempt for autecology estimation of diatom 
populations in relation to cornplex physic­
chemical parameters in Macedonia. 

The presented paper, postulated as the 
first one in a serial about the complex investi­
gations on river Vardar, has an aim to repre­
sent the investigated area, methods and pre­
liminary conclusions about the rnost polluted 
river parts in the beginning of the project that 
had been started in February 1993. 

STUDY AREA 
Fig. 1 represents river waternet in Ma­

cedonia and investigated sampling sites along 
the central river Vardar water ecosystem. River 
Vardar bas a source on the South slopes of 
mountain Sar-planina, near the village Vrutok, 
at 683 m a.s.l. (Gasevski 1978). The total length 

till the Mediterranean estuary in Greece is 388 
km with 301 km belonging to Macedonia. It 
has the dominant 20535 km2 drainage area in 
Macedonia as well. The total inclination of 
river bed is 640 m while the average relative 
one is 2,1 %. 

Fig. 1. Map of river waternet in Macedonia and sampling sites on river Vardar 
Cn . 1. Mana Ha pe't{BlloT cBcTeM Bo M aKeAOHHja 11 HcmrryaaHBTe TO"l'.Kll aa pexaTa BapAap 

14 Ekol. Zast. Zivot. Sred., 2, 2, p .p. 13-29 (1994) 



Complex investigations on the river Vardar ... 

Presented 20 sampling sites, carefully 
chosen for estimation of human influence on 
river Vardar, are always located infront and 
after probable major polluters (human settle­
ments, industries, tributaries, etc.) and slightly 
more frequent around two major cities, the 

Description of sampling sites 

In order the first monitoring system on 
river Vardar to be established, the following 
sampling sites were chosen although some ad­
ditional points have become important during 
the investigations and will probably be included 
in future: 

Tl - Village Vrutok (670 m a.s.l.); T2 -
after city Gostivar (550 m a.s.l.); T3 - Village 
Zelino (495 m a.s.l.); T4 - Village Jegunovce 
(425 m a.s.1.); TS - in front the capitol Skopje 
(350 m a.s.l.); T6 - after river Lepenec mouth 
in river Vardar (320 m a.s.l.); T7 - the center 
of Skopje (310 m a.s.l.); T8 - the main Skopje 
city communal input (310 m a.s.l.); T9 - the 
main meat industry waste input in Skopje (300 
m a. s. l.); TlO - after river Pcinja mouth in 
river Vardar (290 m a.s.1.); Tll - in front in-

capitol Skopje and industry center Veles. Ex­
isting wastewater treatment plants, amid few 
exceptions, are either out of order or have not 
been working at ail thus resulting with input 
of completely untreated industrial and com­
munal wastewaters into the river flow. 

dustrial city Veles (290 m a.s.1.); T12- the main 
outflow of food and heavy metal industry in 
the town center (280 m a.s.l.); T13 - the center 
of the city Veles (280 m a.s.l.); T14 - after main 
leather industry outflow in Veles (270 m a.s.l.); 
T15 - after the chemical industry outflow in 
Veles area (250 m a.s. l.); T16 - after river 
Bregalnica mouth in river Vardar (230 m a.s.l. ); 
Tl 7 - after river Crna Reka mou th in river 
Vardar (220 m a.s.l.); T18 - th~ Demir Kapija 
canyon (200 m a.s.l.); T19 - in rront city Gev­
gelija (180 m a.s .1.); T20 - after city Gevgelija -
the border (180 m a.s.l.). 

The complete descripti4>n of the sam­
pling sites was published in previous number 
of this volume. 

MATERIALS AND METHODS 

The material for microflora analysi~ and 
water for physic-chemical ones were sampled 
in monthly intervals from February 1993 to 
February 1994. A total of 25 physic- chemical 
parameters bave been measured for each sam­
pling site according to methods recommended 
in APHA (1985). Diatom populations were col­
lected from stones, pebbles and as epiphytic 
growth on submerged water plants by scrap­
ing or treating the whole collected material. 

Method proposed by Hustedt (1930) was 
applied for boiling and cleaning of the dia tom 

frustules which were than mounted in kanada­
balsam (i. r. 1, 53) and observed under light 
microscope. An average of 200 frustules have 
been counted in each sample due to obtaining 
the percentage abudance composition that was 
later used for calculating the following statis­
tical indices: index of species richness, Mar­
galeff (1958); equitability index, Pielou (1975); 
index of diversity, Shannon & Weaver (1940); 
index of domination degree, Karr (1971) and 
index of similarity, Marczewski & Steinhaus 
(1959). 

RESULTS 

Tab. 1 represents the physic-chemical 
parameters determined in February 1993 for 
presented eight sampling sites. From Tl sam­
pling site (as a reference point for clean moun­
tain waters) downstream there is an obvious 
tendency for increasing of all parameters espe­
cially the biology important ones. The corre­
lation between 0 2 

and BOD
5 

as well as total 
nitrogen quantity, nitrogen forms (NH4, N02, 

EKorr. 3amT. )J(noT. CpeA .• 2, 2, cTp. 13-29 (1994) 

N03 ) and total sulfates is very indicative em­
phasizing T8, T9 and T16 sites for organic pol­
lution and T15 as extraordinary inorganic pol­
luted one. The data for metal ions are charac­
teristic for Na, K and Ca when considering the 
organic pollution and for P on T15 as very high 
value for inorganic one. The concentration of 
heavy metals also increases downstream but 
without exceptionally high values. 
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Tab. l Physic-chemical parameters determined in February 1993 for 8 presented sampling sites. 
<l>H3H'll<O-XeMHCK1I KapaKTepHCTHKH Ha 8-Te npe3eHTHpaHH TO'IKH yTBpp;eHH BO cpeBpyapH 1993 rop;. Ta6. l 

T1 TB T9 

Water T. ( OC) (T. Ha BOAa) 8,5 3,5 3,8 

Air T. ( OC) (T. Ha B03AVX) -3,5 3,0 2,0 

Water flow (mis) (nporoK) 1,0 1,2 0,9 

pH 7,7 7,9 8,0 

C0
2
(mg/I) 0,2 0,0 0,0 

0
2 

(mg/I) 19,54 15,5 17,1 

BOD5 (mg/I) (énK5) 5,5 11,5 15,0 

Dry matter (mg/I) (Cyea Marep~ja) 130 283 230 

Org. matter (mg/I) (Opr. Marep~ja) 61 120 88 

lnorg. matter (mg/I) (Heopr. Mar.) 69 164 142 

Total N (mg/I) (BKYneH N) 0,92 7,28 2,55 

NH4 (mg/I) 0,82 5,23 2,53 

N0
2 

(mg/I) 0,020 0,292 0,164 

N0
3

(mg/I) 1,103 5,386 14,030 

sa. (mg/I) 3,91 21,53 17,16 

P (mg/I) 0,005 1,071 0,137 

Cl (mg/I) 5,2 16,8 17,6 

Na (mg/I) 3,96 36 56,6 

K (mg/I) 1,91 2,49 2,43 

Mg(mg/1) 5,33 13,20 11,40 

Ca (mg/I) 28,0 42,0 34,0 

Pb (mg/I) 0,038 0,058 0,068 

Fe (mg/1) 0,229 0,806 0,590 

Cu (mg/I) 0,016 0,022 0,009 

Mn (mg/I) 0,004 0,023 0,015 

The same pattern can be observed in 
March 1993 with very similar data values ex­
. cept for Fe ion which are much higher. Tech­
nology processes of CIV (Chemical Industry 
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T10 T11 T12 T15 T16 

5,0 5,0 5,0 6,0 4,5 

2,8 5,0 6,0 10,5 11,0 

0,8 0,8 0,8 1,0 0,9 

8,2 8,2 8,2 7,2 7,7 

0,0 1,9 1,7 3,8 2,9 

7,8 9,5 5,9 9,2 15,6 

0,8 5, 1 10,7 1,6 10,4 

261 286 413 200 302 

91 143 91 71 78 

170 143 323 129 224 

2,86 1,48 2,05 33,48 3, 14 

0,76 0,87 0,31 33,1 1,36 

0,206 0,234 0,254 0,185 0,203 

8,745 5,625 4,085 2,393 4,910 

19,78 26,0 15,87 104,4 28,59 

0,206 0,335 0,419 16,670 1,365 

15,0 15,5 17 29,5 17,5 

28,5 18,6 13,5 17,6 15,1 

3,11 4,01 4,41 3,84 3,03 

18,30 18,30 15,70 16,40 17,70 

103,7 98,4 82,2 92,1 102,6 

0,102 0,100 0,090 0,096 0,096 

0,706 0,750 0,972 0,992 0,646 

0,039 0,032 0,028 0,043 0,041· 

0,044 0,044 0,051 0,070 0,051 

in Veles) in that period were based on acid and 
phosphate components what is confirmed with 
decreased pH value as well . 

Ekol. Zast. Zivot. Sred., 2, 2, p.p. 13-29 (1994) 



Complex investigations on the river Vardar ... 

Tab.2 Physic-chemical parameters determined in March 1993 for 8 presented sampling sites. 
Ta6.2 4>H3aqJ<O-xeMBCKB KapaKTepHCTHKR Ba 8-Te npe3eBTHpaHB TOqJŒ yTBpJ{eHB BO MapT 1993 roJ{. 

T1 T8 T9 

Water T. ( OC) (T. Ha BOAa) 8,5 9 9 

Air T. ( OC) (T. Ha B03AVX) 4 18 17 

Water flow (mis) (nporoK) 0,8 0,9 0,8 

pH 7,2 7,6 8 

co2 (mg/I) 3,1 2,6 3,3 

0 2 (mgt1) 10,5 10,3 9,97 

BOD5 (mg/J) (énKS) 1,49 3,89 9,62 

Dry matter (mgfl) (Cyaa Marep111ja) 168 395 432 

Org. matter (mg/I) (Opr. Marep111ja) 127 116 144 

lnorg. matter (mg/I) (Heopr. Mar.) 41 279 288 

Total N (mgfl) (BK}'neH N) 1,06 3,88 2,37 

NH4 (mg/J) 0,28 3,74 1,55 

N02 (mg/I) -0.0 0,15 0,26 

N03 (mg/I) 1,43· 1,08 4,91 

so. (mg/I) 5,27 20,8 21,9 

P (mg/I) 0,19 1, 17 0,31 

Cl (mg/I) 2,5 24 11 

Na (mg/I) 2,43 20,8 13,9 

K (mgll) 2,03 5,32 6, 19 

Mg (mg/I) 4,55 16,8 14,2 

Ca (mg/I) 56,5 70,5 44,5 

Pb (mg/I) 0,18 0,1 0,06 

Fe (mg/I) 0,4 7,7 1.55 

Cu (mg/I) 0,02 0,04 0,02 

Mn (mg/I) 0,01 0,12 0,03 

The values for April 1993 are generally 
much lower compared to previous months 
most probably due to increased water flow re­
lated to spring rains in mountain areas. Nev-

E1rnn. 3amT. )J(HBoT. Cpe.I{., 2, 2, cTp. 13-29 (1994) 

T10 T11 T12 T15 T16 

9 9,5 11 12 9 

12,5 14 12 10 13 

7,5 1.2 0,9 

7,9 7,7 7,5 6,9 7,5 

6,2 8,1 12,4 10 10 

8:72 8,5 8,72 8,56 7,84 

7,1 7,37 5,42 8 6,09 

497 395 430 914 602 

86 153 142 136 174 

411 242 288 na 428 

1,52 2,09 2,45 6,88 2,34 

0,69 0,33 1,07 6,83 1,02 

0,29 0,4 0,51 0,34 0,44 

4,22 3,32 2,68 5,2 3,92 

22,2 22,8 29 86,5 56.6 

1,03 0,79 0,57 42,6 1,53 

13 13 21 21 17 

13,2 20,1 21, 1 20,3 22,6 

7,46 5,21 5,5 8,01 5,49 

14,5 16,5 15,9 24,1 15, 1 

73,5 66 63,5 111 75 

0,11 0,09 0,31 0,28 0,1 

9,35 9,6 11,4 22,5 11,7 

0,04 0,03 0,03 0,03 0,03 

0,16 0,15 0,13 0,15 0,15 

ertheless, the values for BOD5 are on the same 
levels inc:licating high rate input of organic 
matters amid increased dillution rate. 
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Tab. 3 Physic-chemical parameters determined in April 1993 for 8 presented sampling sites. 
<l>H3B~o-xeMBCK.B KapaKTepHCTBKB Ha 8-Te npe3eHTBpaHB TO"tJJŒ yTBp):(eHB BO anpIDI 1993 ro):(. Ta6. 3 

T1 T8 T9 

WaterT. (OC) (T. Ha BOSla) 8,5 14,0 14,0 

Air T. (OC) (T. Ha B03Slyx) 17 25 20 

Water flow (mis) (nporoK) 1t1 1,0 1,2 

C02 (mg/I) 5,50 4,10 2,15 

0 2 (mg/I) 9,59 9,32 9,27 

BOD5 (mg.li) (6nK5) 1,03 9,18 8,22 

Dry malter (mg/I) (Cyea Marep1-1ja} 127 266 221 

Org. malter (mg/I} (Opr. Marep111ja) 86 66 78 

lnorg. malter (mg/I) (Heopr. Mar.} 41 200 143 

Total N (mg/I) (Bt<yneH N) 1,56 4,57 2,27 

NH, (mg.li} 0,49 2,92 0,31 

N02 (mg/I) 0,004 0,130 0,042 

N0
3 

(mg/I) 1,65 2,29 4,09 

so, (mg/I) 17,38 15,59 14,93 

P (mg/I) -0,0 0,17 -0,0 

Cl (mg/I) 5,5 12 16 

Na (mg/I} 2,21 77,30 40,70 

K (mg/I) 1,220 2,170 2,290 

Mg (mg/I) 1,695 5,790 9,570 

Ca (mg/I) 6,740 4,125 19,930 

Pb (mg/I} 0,090 0,090 0,084 

Fe (mg/I) 0,52 1.65 0,44 

Cu (mg/I) 0,010 0,013 0,010 

Mn (mg/I} 0,012 0,050 0,028 

Although there is an interesting observed 
tendency for developing very similar diatom 
flora assemblages in investigated area, onJy few 
taxa (Dia toma w.t!garis, Synedra u/na var. oxyr­
chynchu~ Synedra vaucheria~ Rhoicosphenia 
abbreviata, Navicula lanceo/ata, Navicula tri­
punctata, Cymbella helvetica, Cymbella minuta, 
M"lzrchia dissipa/a) were determined in ail sam­
pling sites generally increasing their abudance 
towards higher pollution levels. However, taxa 
belonging to genera Navicula, Gomphonema 

18 

T10 T11 T12 T15 T16 

15,0 15,0 16,0 15,0 14,0 

21 19 19 14 16 

1t1 1, 1 1,2 1,0 1, 1 

3,80 14,50 4,80 4,50 6,50 

9,51 10,00 9,30 9,40 7,10 

5,62 5,36 7,45 4,85 5,70 

281 251 243 138 230 

105 64 91 35 59 

176 187 152 103 171 

1,70 5,64 7,25 7,38 5,47 

0,62 0,82 0,82 2,76 1, 16 

0,242 0,280 0,310 0,310 0,410 

3,81 3,66 4,32 4,13 3,64 

15,59 15, 10 16, 10 39,90 14,40 

-0,0 0,03 -0,0 0,595 0,24 

11 10 18 13 12 

28,10 36,30 55,90 123,70 34,00 

2,580 3,520 2,630 3,470 3,100 

3,800 3,000 2,400 7,100 7,700 

25,780 9,700 10,500 5,700 9,500 

0,083 0,084 0,085 0,091 0,142 

1,82 5,35 1,03 6,90 6,50 

0,012 0,014 0,011 0,016 0,019 

0,042 0,081 0,035 0,100 0,101 

and Mtzschia increase their abudance and di­
versity gradually towards most polluted sites 
with assemblages dominated by M"lzschia pa­
/ea, Nitzschia dissipa/a, Gomphonema par­
vulum, Gomphonema olivaceum, Naviculla 
phyllepta and by not so dominant but marked 
presence of Nitzschia umbonata and M!zrchia 
amphibia. Pinnulana microstauron var. bre­
bissonii can only be determined on T15 sam­
pling site as a form characteristic for low pH 
reaction. 

Ekol. Zast. Zivot. Sred., 2, 2, p.p. 13-29 (1994) 



Complex investigations on the river Vardar. .. 

Tab.4 
Ta6.4 

List of diatom taxa and their relative abudance for 8 presented sampling sites in February 1993. 
JlHCTa Ha J:(HjaTOMejcKH TaKCOHH H mmHa peJiaTBBHa 3aCTaneHOCT 3a 8-Te npe3eHT11paHH TO'tJIŒ 3a 
cpespyape 1993 ro,q. 

TAKSONI T 1 TB T9 T10 T11 T12 T15 T16 

Cyclotella corn la (Ehr.)Kulz. + 

Cyclotella Iris Braun el Herlband .. 
Cyclotella meneghiniana Kulz . + 
Cyclotella ocelata Panlocsek + .. 
D ia tom a elongatum Ag. 2 7 

Dia tom a m esodon 4 6 7 

Dia tom a vulaarls Borv + 37 45 5 6 4 2 3 

Merldion circulare Ag. + 
Merldion corculare var.conslrlcta (Ralls)V .H. + 
Ceraloneis arcus Kulz. + + + + 3 

Asleri onella formosa Hasall 2 + + 10 5 

Fragilarla capucin a Oesm azleres 2 .. 
Fragila ri a capucine var.caplla llala (G run.)L.8. 12 0.52 + 
Fraglla rla interm edia Grun. + 

Fraglla ria parasitlca 6 
S nedra acus Kulz. + 
Synedra ac us var.angust lsslm a Grun. + 
Synedra ulna (Nl tzsch)Ehr. + + + + 
Synedra ulna var .oxyrlnchus + 2 + + + + 
Synedra vaucherioe Kutz. + + 3 

Cocconels dlsculus (Sch.)CI. 4 1.03 

Coconeis pedlculus Ehr. + + + 
Coconeis placentula Ehr. 10 

Coconeis placenlula var.euglyp ta Ehr. 24 + 6 + + 2 + 
Achnanthes lanceolala Breb. 6 0.52 

Achnanthes lanceolala var.roslrata (Oslup)L.B. 3 + 
Achnanthes mlnutisoma Ku12. + 
Rhoicosphaenla abbrevlata Kulz . 4 2 4 3 + 5 5 5 
Gyrosigma acuminatum (Kutz.)Rabh. 4 + + 
Gyrosigm a scalproldes (Rabh.)CI. 
Frustulla vulgaris (Thw .)De Toni + + 
Oiplonels ovalls Kutz. + 
Navlcula capltaloradlata Germain 8 15 6 6 4 5 
Navicule cryptocephala Ku lz. + + 

Navloula cryptolenela L .B. 2 + 6 5 5 
Navicule cuspidata Kulz . 9 + 
Navicule goeppertiena (B lelsch)H.L.Sm . 3 + + 
Navlcula lanceolala (Ag.)Ehr. + 14 6 10 7 6 7 6 
Navicule menisculus Schumann 7 

Navlcu la phyllepta Kulz . 3 4 2 3 10 4 7 5 

Navicu le pupula Kutz. + + 
Navlcu la pygm aea Ku tz. + 
Navicula radlosa Kutz. 
Navicula tripuncta ta (0.Mull)Bory 6 7 5 4 + 3 + 2 
Navicule virldula va r. roste lata (Kutz.)CI. + + 
Caloneis bacillum (Grun.)CI. 2 

Cymbella affinis Kutz. 2 + 2 5 + + 
Cym betta helvelle a Kutz . + 7 2 3 + + + 
Cym betta min ut a Hllse ex Rabh. + 4 3 3 3 2 8 
Cym balla prostrata (Berk.)C 1. + 
Cymbella sinuala Kutz . + 3 
Cym belle solea + + 
Cym balla slleslaca Blelsh ln Rabh. + 
Cymbella lumida (Breb.)V.H. + 
Amphora l1b1ca Ehr 
Amphora ovalls Kutz. + 
Amphore pediculus Kutz. 
Gom phonem a olivaceum (Horn.)Breb. 10 7 17 5 3 1 12 
Gom phonem a parvulum Kulz. + 7 8 4 7 10 
Rhopalodia gibba (Ehr.)0.Mutt + 
Nitzschia am phibla Grunow 5 + 
Nitzschia apiculata + 
Nitzschia constricta (Kutz.)Ralfs + + + + 
Nitzschla dlsslpata Kutz. 2 4 3 10 12 5 2 5 
Nitzschia heuflerlana + + + + + 3 
Nltzsch la inte rm adla Hantzsch 2 + 
N itzsch la linearts (Ag.)W .Sm ith + + 8 + + 
N itzsch la pale a (Kutz.)W .sm ith 2 8 6 5 11 3 
Nilzsch ia recta Hantzsch + + + 3 
Nltzsch la sigmoldea (N ltzsch.) + + 8 + 
Nitzschia umbonala (Ehr.)L.B. + + 
Cym atopleura sole a (Breb)W .Sm lth + 
Surirella breblsonll var.kuetzingii 5 4 10 7 + 6 3 
Surlrella m inule Breb. + + + + + 
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Tab.5 
Ta6. 5 

List of diatom taxa and their rdative abudance for 8 presented sampling sites in March 1993. 
IlHCTa Ha p;HjaToMejcKa TaKCOHH H HID!Ha peJiaTHBHa 3acTaneHOCT 3a 8-Te npe3eHTHpaHH TO'IIŒ 3a 

MapT 1993 ro;n;. 

TAXA - MARCH '93 T1 TB T9 T10 T11 T12 T1 5 T16 

Aulacoseira granulata (Ehr.)Simonsen + 

Cyclotella meneghiniana Kutz. 4 + 

Cyclotella ocellata Pantocsek + + 2 

Cyclotella stelligera Cleve & Grunov + 

Diatoma hyemalis (Lyngb.)Heib. 5 15 

Diatoma mesodon (Ehr.)Kutz. 10 
Diatoma vulgaris Bory 33 38 7 23,5 14 3 2,5 

Meridion circulare Ag. 15 

Ceratoneis arcus Kutz. + 4 2 9,5 2,5 

Asterionella formosa Hasall 5 2,5 2 + 2 ,5 

Fragilaria intermedia Grun. + 

Fragilaria plnnata Ehr. + + 

Synedra acus var.angustissima Grun. + 

Synedra ulna (Nitzsch)Ehr. + + 2,5 + 

Synedra ulna var.oxyrhynchus (Kutz.)V.H. 2 2 3 2 2 3 3 
Synedra vaucheriae Kutz. + + + 4 2 2,5 

Synedra vaucheriae var.capitellata Grun. + 

Cocconeis pediculus Ehr. 5 + 3 + 

Cocconeis placentula Ehr. + 

Cocconeis placentula var.euglypta Ehr. 10 3 2 3 3 3 2 

Achnanthes lanceolata Breb. + + 

Achnanthes minutissima Kutz. 5 

Rhoîcosphaenia abbrevîata Kutz. 4 4 4 3 6 + 

Gyrosigma acuminatum (Kutz.)Rabh. + 2 

Gyrosigma scalproides (Rabh.)CI. + 

Frustulia vu lgaris (Thw.)De Toni + + + 
Caloneîs bacillum (Grun.)CI. + 
Navîcula accomoda Hustedt + + 
Navîcula capitatoradiata Germain + 2 2 3,5 4 + 
Navicula cryptotenella L B. 20 + + + + + 
Navicula cuspidata Kutz. + 

Navicula goeppertiana (Bleisch)H.L.Sm. 2 3 9 
Navicula lanceolata (Ag.)Ehr. 5 6 10 5 10 15 8 

Navicula phyllepta Kutz. + + + 9 10 + 

Navicula tripunctata (0.Mull)Bory 2 + 2 1,5 3 2,5 3 

Navicula trivialis L.B. + 

Pinullaria microstauron (Ehr.JCI. + 

Cymbella affinis Kutz. + + 
Cymbella helvetica Kutz. 3 1,5 2,5 + + 

Cymbella minuta Hilse ex Rabh. + 15 7 10 2 4 2 9 

Cymbella prostrata (Berk.)CI. 2 + 

Cymbella silesiaca Bleish in Rabh. + 

Cymbella sinuata Kutz. + + 
Amphora ovalîs Kutz. + 2,5 2 

Amphora pediculus Kutz. 5 + + 

Gomphonema o lîvaceum (Horn.)Breb. 4 15 10 6 7 19 

Gomphonema parwlum Kutz. + 5 8 5 

Epithemla sorex Kutz. + 
Rhopalodia g ibba (Ehr.)O.Mull + 

Hantzschia amphyoxis (Ehr.)Grun. + 

Nitzschia amphibia Grunow 5 + 

Nitzschia constricta (Kutz.)Ralfs + + 

Nitzschia dissipata Kutz. 12 3 3 7 2 7 14 

Nitzschia fonticola Cholnoky 28 + 2 
Nitzschia heufleriana Grun. + + + 

Nitzschîa întermedîa Hantzsch 7 5 1,5 2 4 + 
Nitzschia lînearis (Ag.)W .Sm ith + 5 2.5 + + 
Nitzschîa palea (Kutz.)W .smith + 10 15 3 2,5 
Nltzschîa recta Hantzsch + 
Nitzschîa sigmoidea (Nitzsch.)Ehr. 2,5 

Nitzschia umbonata (Ehr.)L.B. + 

Cymatopleura elliptica (Breb)W.Smith + 

Cymatopleura solea (Breb)W.Smith + 2 2 + 
Surirella ovata Kutz. 10 4 5 2,5 10 19 

Surirella ovata var.apiculata W .Smith 2 
Surirella ovata var.pinnata W.Smith 2 2 2 5 + 
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Tab.6 List of diatom taxa and their relative abudance for 8 presented sampling sites in April 1993. 
Ta6. 6 JlBCTa Ha ,:(HjaTOMejcKB TaKCOHH B HHBHa penaTBBHa 3aCTaneHOCT 3a 8-Te npe3eHTHpaHH TO<nœ 3a 

anp1rn 1993 ro,:(. 

TAXA - APRIL' 93 T1 TB T9 T10 T11 T12 T15 T16 
Au lacoselra granula ta (Ehr.)Sim onsen + 

Cyclote lla corn ta (Ehr.)Kutz. + ... 
Cyclotel la Iris Braun et Heriband ... 
Cyc lote lla meneghlniana Kutz. + 3 15 + 4 

Cyclote lla ocelata Pantocsek + + 
Stephanodlscus neoastraea Hakansson & Hlckel + 
Dia tom a ehrenbergil Kutz . 3 

Dlatoma hyemalis (Lyngb .)Helb. 10 3 ... 3 
Diatoma mesodon (Ehr.)Kutz. + 
Olatoma vu lgarls Bory 55 16 3,5 5 2 5 
Merldion circu lare Ag . 42 + 1 
Ceratonels arcus Kutz. 2 2,5 2 2 5 
Ceratonels a rcus var.amphyoxis Rabh. 2 + 3 
Fragllarla capuclna Oesm azleres 3 
Fragilaria pinnata Ehr. + 2 

Synedra acus Kutz. + + + 
Synedra a eus var.angusllsslm a Grun. + 

Synedra parasitlca W .Sm . ... 
Synedra parasltlca var.subconstrlcta Grun. + 
Synedra ulna (Nltzsch)Ehr. 4 ... + 1,8 3 
Synedra ulna var.oxyrlnchus(Kutz.)V .H . 5 + 3,5 3,5 + 7 3 3 
Synedra vaucheriae Kutz. ... 3 2 ... 6 2 ,5 
Synedra vaucheriae var.cap itellata Grun. ... ... 
Eunotla pectinalls var.m Inor Kutz. 2 
Cocconeis disculus (Sch .)Cl. + 
Cocconels pediculus Ehr. 1,5 + + + 
Cocconels placentula Ehr. + + 
cocconels placentula var.euglypta E hr. 6 22 10 2,5 13,S 4 s 
Achnanlhes lanceolala Breb. 2 2 + ... 
Achnanthes lanceolata ssp .rostrata (O:str.) L.B. 3 
Rho lcosphaenla abbrevlata Kutz . 2 5 5 7 3 
Gyrosigm a acum inatum (Kutz.)Rabh. 1 
Frustulla vu lgaris (Thw .)De Toni + 
Caloneis am phlsbaena (Bory)CI. 

Calonels bacillum (Grun .)CI. 7 

Navicuia accom oda Hustedt + + + 
Navicula baclllum Ehr. 1 
Navlcula capitatoradlata Germain 3,5 6 2 5 
Navicula cryptotenella L.B. + 9 + 10 6 
Navicula cuspidata Kulz. + 
Navicula decussis Ostr. 
Navicula goeppe rtiana (Bleisch)H.L.S m . 7 + 2,5 
Navicula 1anceolata (Ag .)Ehr. 5 20 18,5 10 2 ,3 6 6 
Navlcu la phyllepta Kutz. 2 + 
Navicula pupula Kutz . + 
Navicula tripunclata (O.Mull)Bory + 4 3,5 2 4 4 
Navlcu1a irlvlalls L.B . + 
Plnnula rla mlcrostauron var. brebisonll (Kutz.)Maye r + 
Gym bella affinls Kulz. + 2 + + + 
Gym bel la helvetlca Kulz. + 3 .. 3 
Gym bella minuta Hllse ex Rabh. 2 3 ,5 4 4 2 5 2,5. 
Cym bel la proslrata {B erk .)Cl. + 
Cym bel la slnuata Kulz. 23 4 3 + 3 3 3 
Am phora lyblca Ehr. + 
Am phora ovalis Kulz. + 
Am phora pediculus Kutz. + + 
Gom phonem a olivaceum (Horn .)B reb . + 14,5 15 23 + 11,2 4 

Gom phonem a parvulum K utz. 2 15 3,4 20 3 ,5 
Epilhemla adnala (Kul z.)B reb . + 
Hantzschla am phyoxl s (Eh r.)Grun. + 
N itzschla am phlbia G runow + 7 6 ,3 
N itzschia cons tric ta (Kulz.)Ralfs 
Nltzschla dissipata Kulz. 2 3 ,5 4 6 3,5 2 
N ltzschia fonticola Cholnoky 14 3 3 ,5 15 3 + 3,5 
N itzschia heurterlana Grun. + 

Nltzschia hom burgiensis L.B. + 
Nltzschia inlerm edla Hantzsch + + + 
Nl tzschla llnearis (Ag.)W .Smith .. + 2 
Nltzschi a pale a (Kutz.)W .sm lth + 8 5 
Nltzschia parvula W .Sm. + 
Nitzschia s lgmoidea (Nilzsch.)Ehr. 

Nitzschia umbona1a (Ehr.)L.B . + + 
Gym atopleura sole a (Breb)W .Sm lth 1 
Surlrella ovata Kutz. .. 12 4 4 
Surfrella ovala var.plnnata W .Sm llh 3,5 + 1,5 
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Diatom flora index of similari ty for 8 presented sampling sites obtained for ail 3 months in 1993. 
HHAeKc Ha CJIH'IBOCT tta AHjaToMejcKaTa cpnopa 3a 8-Te npe3eHTHpaHB TO<n<H 3a CHTe 3 Mece~ BO 

1993 rOA. 

FEBRUARY '93 

Sampling sites T1 T8 T9 T10 T11 T12 Tm T16 

T1 \ 27,78 30,00 22,73 33,33 26,09 20,37 26,67 

T8 \ 41 ,86 61,29 62,50 45,95 31 ,91 51,43 

T9 \ 50,00 43,75 46,00 38,89 41 ,18 

-T10 \ 62,16 63,16 45,83 69,44 

T 11 \ 52,38 38,46 50,00 

T12 \ 39,62 51, 16 

T15 \ 48,98 

T16 \ 

MARCH '93 

Sampling sites T1 T8 T9 T10 T11 T12 T15 T16 

T1 \ 11, 11 18,75 6,82 15,00 18,92 14,63 10,81 

T8 \ 48,57 45,24 42,86 56,41 48,78 52,78 

T9 \ 33,33 41 ,46 35,59 37,21 39,47 

T10 \ 48,89 41 ,30 41,67 40,91 

T11 \ 42,22 45,65 45,24 

T12 \ 54,76 51,28 

T15 \ 44,19 

T.16 \ 

APRIL '93 

Sampling sites T1 T8 T9 T10 T11 T12 T15 T16 

T1 \ 26,60 33,30 20,80 28,20 17,20 15,20 18,60 

T8 \ 35,30 29,70 48,10 28,80 30,30 25,00 

T9 \ 53,50 56,70 40,70 48,80 47,20 

T10 \ 50,00 59,20 46,50 48,10 

T11 \ 45,60 52,70 47,00 

T12 \ 49,00 47,50 

T15 \ 41 ,50 

T16 \ 
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Fig. 2. Plot presentation of various diatom flora indices for 8 sampling sites and for all 3 investigated months in 
1993. A - Index of richness; B - Index of diversity; C - Index of equitability; D - Domination degree 

Cn. 2 fpaq>H'lKH npm<a3 Ha pa3JIH'lHH HH):(eKCH Ha AJijaToMejcKaTa cpnopa 3a 8-Te acn11TyBaHH ToqKu 3a 
cnTe 3 Mecerzyr BO 1993 ro):(. A - HimeKc Ha 6oraTcTBo; B - HH):(eKc Ha ):(11Bep3HTeT; U - HR):(eKc Ha 
xoMoreHHTeT; JJ: -CTeneH ua ):(OMRRaquja. 
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DISCUSSION 

The first part of physic-chemical data 
values (Tab. 1, 2, 3) considering the tempera­
tures, water flow, C02 and 0 2 are quite ex­
pectable for winter months in Macedonian 
continental climate. There is a significant drop 
of 0 2 levels from Tl towards sites with higher 
pollution due to active microbial decomposi­
tion processes even in such low water tempera­
tures what is confirmed with increased BOD5 
values as well. 

Total dry matter values, consist of or­
ganic and inorganic dry matter data, as an im­
portant parameter for artificial input of addi­
tional nutrients in river ecosystem, increases 
quite irregularly downstream closely related to 
the intensity of human activities on a specific 
sampling date. The highest value of 914 mg· 1-
1 on TlS supports the high level of observed 
inorganic pollution mostly related to sulfate 
and phosphate inorganic compounds. Rela­
tively high dry matter values determined on the 
other sampling sites are always in connection 
with organic waste input. 

The second group of the physic-chemi­
cal parameters is consist of major biologically 
active nu trient compounds represented by data 
for total N, ammonia, nitrates, nitrites and val­
ues for total phosphates and sulfates. There is 
again a very obvious tendency for increasing 
of ail towards most polluted sites downstream. 
The most striking is increasing of total N, sul­
fates and total P values on T15 sampling site 
indicating continuous vast inorganic poilu tion 
combined with a very low levels of N02 and 
N03 ions as intermediate forms of organic 
decomposition. Decreased levels of this group 
of data (as well as for ail the others) recorded 
in April 1993 can only be explained with very 
high water levels (flow). Nevertheless, the ten­
dency of increasing of ail measured parameters 
is rather obvious for April as well. 

When comparing these quite high data 
values for a natural water ecosystems with vari­
ous waste and natural running waters (accord­
ing to accessible literature ), the values for Ju­
kskei-Crocodile river system (Schoeman 1976), 
river Nida (Pasternak & Starzecka 1979), pulp 
and paper effluent (Amblard et al. 1990) and 
Linggi .river basin (Khan 1991) are either far 
below the stated levels for river Vardar or simi­
lar but for heavily polluted wastewaters. 
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The last group of physic-chemical data 
represents the values of metal ions concentra­
tion as elements ofwaste degradation or heavy 
metal ion input. The leading role have Na, Ca 
and K ions in February and March 1993, while 
the data for April 1993 are again somehow un­
explainable and seem chaotic although obvi­
ously increasing downstream. Sorne unexpec­
ted peaks for Fe ion (Tab. 2, 3) are also re­
corded. 

Diatom flora lists of qualitative compo­
sition and relative abudance (Tab. 4, 5, 6) show 
similar patterns stated for numerous lowland 
rivers worldwide (Lange-Bertalot 1978; Patrick 
& Palavage 1994). Tl as a control unpolluted 
site constantly affords development of rela­
tively poor, epilithic on mosses (Fontinalis 
pyretica) diatom community dominated by non­
pollution tolerant species (Lange-Bertalot 
1979a, 1979b; Descy 1979; Watanabe et al. 
1986; Van Dam et al. 1994) such as: .Diatoma 
mesodon, Mendion circulare, Cocconeis pla­
centula var. euglypt°' Navicula cryptotenell°' 
Nitzschia fonticola. Temporary increase in 
abudance for Navicula cusptdata and Navicula 
tripunctatawas recorded in February 1993 and 
has not been confirmed after. 

T8 and T9 sampling sites showed a rapid 
turnover to a diatom flora dominated mostly 
by Diatoma vulgar~ Gomphonema olivacum, 
Navicula lanceolata and Cocconeis p!acentula 
var. euglypta but with marked presence of 
Nitzschia dissipai°' Rhoicosphenia abbreviat°' 
Synedra vaucheria~ then Gomphonema par­
vulum and Synedra ulna vcu: oxyrhynchus as 
well as the first records of Nitzschia palea, an 
communjty representing a constant and high 
organic input. 

The most unstable sampling sites, ac­
cording to diatom flora composition, in inves­
tigated period were TlO and Tll showing qui te 
rich microflora and supporting development 
of numerous taxa with very different pollution 
tolerance and variable in their relative abu­
dance. Gomphonema olivaceum, Navicul~ lan­
ceolat°' Dialoma hiemale, Ceratoneis (Hannea) 
arcuswere very dominant, but Nitzschia pale°' 
Cymbella minut°' Surirella brebissonii var. kut­
zingii, Navicula capitatoradiata were also re­
corded with high abudance. That part of in­
vestigated river is obviously under a critical 
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influence of river Pcinja as an tributary with 
variable pollution load. Autopurification pro­
cesses that are taking place after pollution in­
put from Skopje give an opportunity for de­
veloping of non- pollution tolerant assem­
blages, but are frequently interrupted by high 
concentration organic (taxie) input manifested 
with sudden fish killings as well. 

A special part of examined area repre­
sents Tl5 sampling site with ecologically di­
sastrous recorded situation. Nitzschia palet1i 
Gomphonema parvu/um, Navicu/a c.ryptote­
ne!/~ Nitzschia amphtbt4 Synedra 11aucheria~ 
Gomphonema o!ivaceum, Navicu/a phylleptt1i 
Navicu/a /anceo/att1i Nitzschia dissipata have 
their maximal densities interchanging among 
themselfs the dominance intime. Remarkable 
is the presence of Surire//a brebissonii var. 
kutzingii and Nilzschia umbonata thus confirm­
ing the constant input of minera! nutrients. 
Although the devastated river banks seemed 
lifeless with stones covered by thick sulfate salt 
layer, the minera! input has its significance for 
qui te variable microflora development in parts 
of the river where the direct wastewater inflow 
is sufficiently diluted. Stones which are directly 
in the wastewater flow showed no microfl.ora 
assemblages and could be very easily broken 
with slight touch due to a long term exposure 
to strong acids and alkalii. 

T16 sampling site was still under a strong 
influence of Tl5, but additionally polluted with 
vast amounts of organically polluted waters of 
river Bregalnica. Therefore, taxa dominant on 
T15 decreased their abudance, but sometimes 
(March 1993) they could again be found in 
dominance above 15%. This samp]jng site re­
sembles TlO but strongly dominated by waste­
waters from Tl5 site. Again autopurification 
processes took place together with physical 
sedimentation forces, but the river in this part 

is still heavily loaded with nutrients. It is suffi­
ciently wide for supporting the plankton gro­
wth and Asterionel/a formost1i Cyc!ote//a me­
neghiniant1i Cyc!ote/!a comtt1i Stephanodiscus 
astraet1i Synedra acus could be recorded al­
though the huge benthic forms such as Suri­
re//a taxa were dominant on muddy habitats. 

Tab. 7 and Fig. 2 represent the attempt 
of statistical evaluation of various floristic in­
dices. According to similarity indices (Tab. 7) 
Tl sampling site has the lowest microflora simi­
Iarity with a11 the other sampling sites what was 
expected. All other sampling sites have simi­
larity ·indices ranging between 30 and 70% of­
ten ver.y difficult for explanations, but on av­
erage the most distant sites show decreasing 
in similarity. The highest similarity index have 
Tlü and T16 (69, 44%) in February 1993 and 
the lowest Tl and Tl 0 ( 6, 82 % ) in March 1993. 
Remarkable are low similarities in April 1993, 
especially between T8 and greatly polluted 
Tl2, Tl5 and Tl6 what can once more be re-
lated to high water flow. .. 

The indices of richness for all three mon­
ths are su pportive to increased richness on the 
most polluted sites due to well known mixo­
trophy abilities of diatoms. Diversity indices 
are high on organically polluted sites although 
qui te variable through investigated rnonths and 
increase downstream as well. Indices of equi­
tability and domination degree are rather dif­
ficult for discussion because they are high on 
Tl as well . But, there is a tendency for them to 
be high on polluted sites and decreasing of 
·domination degree on TlO, Tll and Tl2 sam­
pling sites might be related to low water tem­
peratures, input of some toxic substances or 
frequent intense organic Ioads what is the most 
probable explanation. Further investigations 
over a much longer period of time should re­
veal the true cause. 

CONCLUSIONS 
Presented data on complex investiga­

tions on river Vardar for period February -
April 1993 bave insufficient amount of infor­
mations for establishing a certain pollution 
degree pattern. Nevertheless, investigated 
months and pointed sampling sites enabled us 
to form the following conclusions: 

The source mountain waters (Tl) of river 
Vardar show constant low water pollution level 
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with low species indexed diatom flora domi­
nated by taxa confirmed as non-pollution tol­
erant ones. Therefore, Tl sampling site is very 
useful as a reference point for further investi­
gations. 

Downstream river area starting after city 
of Skopje and spreading until beyond city of 
Veles (T8-T12 sampling sites) represents or­
ganically polluted part of the river (mainly 
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originating from communal and food industry 
wastewaters input) variable in degree and in­
tensity. That part of the river flow supports 
quite variable diatom flora communities with 
mixed dominance among species known as 
pollution tolerant and non-tolerant ones. Nitz­
schia and Na11icula taxa domina te this area with 
Dialoma and Cocconeis forms still present in 
high percentage. Development of Gompho­
nema paTJ1u!um and Nitzschia palea make this 
area alfa-mesosaprobic zone but that situation 
is frequently changed to poly saprobity with 
sudden peaks far beyond mesosaprobity range 
of pollution in sense of particular polluters. 
The stated conclùsions are in coordinance with 
Lange-Bertalot (1978) taxa list for rivers Rhine 
and Main and Van Dam et al. (1994) checklist 
for diatoms ecology indicators. 
· T15 sampling site represents an unique 
ecological catastrophe site with waste inorganic 
input far in ultra saprobity range. The river 
banks immediately after wastewater inlet are 
completely lifeless with thick layers of hardly 

KRSTié, S. et al. 

degradable sulfate and phosphate compounds. 
Epilithic diatom flora communities develop on 
places where wastewater is sufficiently diluted. 
Diatom assemblages never rich so high per­
centage abudance due to frequent shocks and 
are again composed of taxa known for severely 
polluted waters. According to all stated data 
this point is the most critical one in all river 
flow and the river eau not improve its quality 
even very far downstream. Records of Pin­
nulana and Epithemta taxa, although with very 
low abudance, confirm the acidity pattern of 
this site. 

T16 sampling site is somehow recovery 
one, but additionally loaded with waste organic 
input from Bregalnica tributary. Diatom flora 
recovery can be seen in species richness and 
their percentage abudance, but the pollution 
degree still remains in alpha to poly saprobity 
zone. Nitzschia taxa have their maxima in these 
waters and developing of planktonic forms is 
also supported. 
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KOMnJlEKCHlll lllCTPA)f(YBAtbA HA PEKATA BAPAAP. 
Il. HAJ3ArAAEHlllTE TO"IKlll BO nPBlllTE TPlll MECEUlll 

CseTHCJiaB KPCTHK, Jbynqo MEITOBCKH, 3naTKO ITEBKOB H 

IlaH"CJe CTOJAHOBCKH 

HHCTHTYT 3a 6HonorHja, IlpnpoAHO-MaTeMaTHqKH cpaKynTeT, 
II. <l>ax 162, 91000 CKonje, MaKe,a;oHRja 

PE3HME 
Bo cpespyapH 1993 rOA1rna, KaKO OCHOBa 3a .n:gHaTa H3BeA6a Ha rrpoeKTOT ,,BapgapcKa 

Aomrna" 3arro"tJHaTH ce KOMIIJieKCHH eKOCHCTeMCKH HcTpa)J(yBaH>a Ha peKaTa Bap,a;ap. BKyrr­
HOTO Tel.1emœ orrcpaTeHo BO paMKHTe Ha rpaHHU:~ITe Ha Perry6n.n:Ka MaKego1rn:ja H3geneHo e 
Ha 20 MepHH TO'lJIŒ KOHU:eHTpHpaHH OKOJIY IlOTeHI~HjaJIHHTe 3aragyBatrn (rpaAOBH, HH,qycTpHCKH 
u;eHTpH) CO nopeTKH MepHH MeCTa IIOMefy mrn. 

Ilo KJiaCHl{HO YTBpAeHaTa MeTO,[(OJIOrHja CO Mece'lJHa cppeKBeHu;Hja Ha TepeHCKH HC­
Tpa)l(yBaH>a cnep;eHH ce 25 napaMeTpH Ha cp11311qKo-xeMHcKaTa cocToj6a H cofü1paH e anro­
JIOIIIKH MaTep11jan KaKo emrnHTOH HJIH nepHcpHTOH Bp3 cy6Mep3HaTa sereTau;11ja. Ksa­
mITaTHBHHOTH KBaHTHTanrnmIOT COCTaB Ha ):{HjaTOMejcIŒTe norrynau:1rn YTBp.o;eH e rrpeKy 1600 
TpajHH rrperrapaTH co 6poeH>e Ha npou;eHTHaTa 3acTarreHOCT Ha npoce'lJHO 200 cppycTyrr11 no 
rrperrapaT. 

Ilpe3eHTHpaHHTe ocyM MepHR TOl.IKH (Tl, T8, T9, TlO, Tll, T12, T15 H T 16) ce noTBp.o;11ja 
KaKO HajHHTeH3HBHO 3arap;eHH no u:enoTO Teqemrn, OCBeH TO'!KaTa Tl BO H3BOplUIIHHOT p;err 

Kaj c. BpyToK Koja e THIIH"l.IHa pecpepeHTHa TO'lKa. Crrope.u; CHTe cpH3H'lKO-xeMHCKH napaMeTpH 
rro.u;pa11jeTo noMefy T8 H T12 (Cn. 1) npeTcTaByBa CHJIHO onTepeTeHa o6nacT co opraHCKH 
OTIIa,a;HB MaTepHH KOH IIOTeKHysaaT op; KOMYHaJIHHTe H OTila,[(HiiTe BOAH Ha rrpexpaM6ettaTa 
HH.o;ycTp11ja o.n; rpa.u;osi;1Te CKonje B Benec. Bo Toj norne.n; noce6Ho OTCKOKHyBaaT T 8, T9 H 
T12 Kap;e 3a6erre)J(am1Te nojaBH Ha HCTaJio)KyBaH>e Ha TewKo pa3rpa.u;1rnBH Mpcm1 MaTep1rn: 

no ,IJ;HOTO, KOH npep;H3BHKyBaaT aHaepo6HH MHKpo6HH npou:ecH Ha .u;erpa)~au;Hja, rrpep;H3-
BHKysaaT HaManyBaH>e Ha p;ocTaIIHHOT KHcnopo.a; 11 oceTHO ja HaroneMysaaT EIIK5 Bpe.n;HOCTa, 

a noTxperreHH ce H co pa3BOj Ha MIIKpocpnopa II03HaTa 3a ancpa .a;o nonn canpo6Ha 30Ha Ha 
3ara.a;ysaH>e. 

To'!KHTe TlO H Tll npeTcTasysaaT 30Ha Ha aBTonypcpHKaU:HCKH rrp01~ec:e:, Ho Ha TlO 
snetJaTJIHBO e B.JJHjam1eTo Ha peKaTa I1111u1>a Koja BO peKaTa Bap.a;ap BHecyBa Bo,a;a o.a; 
rron:e:canpo6eH KapaKTep .a;pacrHqHo cManysajKR ro rrpou;eHTOT Ha C.JJo6o,a;eH KHcnopo.u; rropa.o;H 
IIITO Ha TOj p;err ce 3a6eJie)l(aHH qecTH JIOMOpH Ha xn.u;po6HOHTUTe . .IJ:ujaToMejcKaTa MH­
Kpocp1ropa e COCTaBeHa o.a; arrcpa .a;o nonH carrpo6HB TaKCOHH, HO H rrpeTCTaBI1Tem1 Ha lJHCTH 
BO}l;eHH TeKOBH CO perranrnHO BBCOKa a6yHp;aHTHOCT. 

EKoJIOIIIKH HajJarpo3eH ce noKa)J(a pe'lfHHOT TeK no.a; 11cnycToT Ha X HB (XeMncKa 
HH,a;ycTpHja Benec - T15) Kap;e )J(llBHOT cseT no.a; Bnujamt:e Ha oTrra,a;HHTe BOAH e rroTrronHo 
YHHIIITeH, }l:e6em1 CJIOeBH Ha HCTaJIO)J(eHH cyncpypHH H cpoccpopHH HeopraHCKB coe,a;HHem1ja 
BO ~enocT ro rrpeKpirnaaT AHOTO, a KaMeH>aTa ce pacrrafaaT BO .u;erroBB u rrpH HajMaJI y.a;ap. 
MHKpocpnopaTa e JIOBTOpHO COCTaBeHa op; acou:njau;HH Ha BHCOKaTa JIOJIY~Hja, HO C-0 CMa.JJeHa 
npo~eHTHa 3acTaneHOCT rropa.u;u qecnITe xeMHcIŒ IIIOKOBH. IlojasaTa Ha Pinnularian Mizschia 
TaKCOHI:i:Te, HaKo CO MHory Mana 6pojHOCT, IIOTBPAYBa KOHTHHYHTeT Ha HcrrycT Ha OTrra,a;HH 
BO.Il;H CO HHCKa pH peaKu;Hja. 

To'lKaTa T16 noKa)J(yBa O'lHrneAHa HO CHJIHO ycnopeHa TeH,a;eHu;:uja Ha pexafürn:uTa~nja 
}l:O,IJ;aTHO OIITOBapeHa CO BJIHBOT Ha ancpa .a;o IlOJIH carrpo6HHTe BO,Il;H Ha peKaTa Eperanm1u:a. 

AoMHHaHTHH ce TaKCOHHTe Ha pOAOBRTe Navicu/a, Nitzschia, Surirel/a HO ce 3a6ene:>KyBa H 

cpe,a;Ha 3acTarreHocT Ha n11aHKTOHCKHTeAsteno11ellaH SynedraTaKCOHH. PeKaTa Bap.a;ap so Toj 
.u;en e ceynITe BO paMKHTe Ha BHCOKaTa arrcpa .u;o IIOJIH carrpo6HOCT CO BIIe'laTJIHBO BJIHj aHHe Ha 
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T15 (XHB) op; Koe p;orrHHOT TeK Ha HCITHT}'BaHHOT eKoc1:1cTeM He ycneBa p;a ce npoqHcTB ce AO 

rpaHn~aTa co P. fp~nja. 
CTaTHCTHqKaTa o6pa6oTKa Ha no.o;aTo~Te npeKy pa3JIH'IHRTe cprropHCTB'IKH aH.o;eKcB 

ra IlOTBp.o;}'Ba H3HeCeHHTe KOHCTaTaqim, HO 6B:Aej:K.n e 6a3apaHa caMO Ha TpHMeCelfHll no.o;aTO~ 

H 8 KOHTpOJIHR T01IIŒ BO noep;HHH MOMeHTH He MO)Ke BO ~enocT .o;a ce o6jacHH. Ha pe3yJITaTHTe 
rorreMo BJIHjaHBe HMa H BBCOKBOT BO)J;OTeK BO Mece~ anpHn 1993 ro.o;uHa KOj )J;OHeKap;e re: 
npeKpHBa BBCTHHCKHTe pe3yJITaTB. IloHaTaMOIIIHBTe HCTpa)l()'Balba BO IlO,[:(OJir BpeMeHCIŒ 

nepBOA H co nororreM 6poj Ha MepHR ToqKR Tpe6a .o;a ru o6j acHaT CHTe 3a6erre:>I<:aHH He­
npaBHJIHOCT.lil. 
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