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Introduction

Heavy metals is one of the most dangerous groups of anthropogenic
environmental pollutants due to their toxicity and persistence in the environment.
Evaluation of the levels of heavy metal deposition is consequently of vital importance.

Systematical surveys of the atmospheric deposition of metals are performed in
several European countries every 5 years [1, 2, 3, 4] by means of the moss
biomonitoring technique. It has been established that bryophytes are among the most
effective types of organisms for biomonitoring due to a number of their biological
features, widespread occurrence, and tendency to accumulate and retain pollutants [5].
In comparison with higher plants bryophytes lack an advanced root system. This
inhibits significant absorption of pollutants from the substrate and consequently their
uptake results mainly from the ambient atmosphere. Moss surveys have several
advantages over conventional deposition monitoring based on precipitation monitoring;
the sampling is simple and the chemical analyses are much easier due to higher
concentrations and strongly reduced contamination problems [6].

The most severe effects of air pollutants are likely to occur in the near vicinity of
strong pollution sources [7]. Such a situation is illustrated by the town of Baia Mare in
the north-western part of Romania, where polymetallic sulphides are extracted from
deposits located in areas near the town and processed by two non-ferrous metallurgical
factories in the town. Mining activities in Baia Mare are more than five centuries old
and non-ferrous metallurgical industry has already existed for 150 years. The emissions
from these metallurgical factories, reaching high intensity during the last decades (more
than 30 tons of dust are emitted to the air each year, including more than 7 tons of lead)
has caused severe environmental pollution with heavy metals [8, 9]. However, there is a
lack of information about the real level of heavy metal pollution in this region. The
primary purpose of this paper is to characterize qualitatively and quantitatively the
regional atmospheric deposition of heavy metals and to indicate the extent of the areas
polluted by these sources.

Materials and methods

The methods used in this study are based on the Scandinavian recommendations
[1], but adapted to the local environmental conditions as described below.

The studied area

Baia Mare is a district town with a population of 150 000. The town is situated
in the valley of Sasar river and is bordered by mountains to the east, north, and west.
The prevailing wind direction is from east-north-east, following the direction of the
river. The most polluting plants are located upstream the town, so the dust is spread to
the town.



Sampling and sample preparation

Three species of moss samples (Pleurozium schreberi, Pseudoscleropodium
purum and Rhytidiadelphus squarrosus) were collected on 28 sites located 2 to 17 km
from the center of the town (Fig.1). This selection of species was made necessary
because no single species was present at all collection sites. Sampling was performed in
2000 during the period July - September. Sampling points were chosen at least 100 m
from main roads, villages and industries and at least 50 m from smaller roads and
houses. On each site, 5-10 samples were collected within a 50 x 50 m area. As far as
possible the samples were taken from small forest clearings and always located away
from the nearest trees, so as not to be directly exposed to throughfall precipitation.
Sampling and sample handling was performed using polyethene gloves and samples
were stored in paper bags. In the laboratory, the samples were carefully cleaned from all
dead material and attached litter, and only the green and green-brown shoots from the
three latest years are analyzed, after 24 hours drying at 40 °C. Samples were not
subjected to washing.

For ENAA, moss samples of about 300 mg were packed in aluminum cups for

long-term irradiation. For short-term irradiation samples of about 300 mg were heat-
sealed in polyethene foil.
For FAAS, weighted samples of about 1g were digested overnight in a mixture of 20
mL concentrated HNO; and 1 mL HCI in Erlenmeyer flasks, on a hot plate after
evaporation to dryness, 1 mL distilled water was added and the solution again heated to
dryness, then a mixture of 1 mL concentrated HNO; and 5 mL distilled water was added
and boiled for a short time. After filtration the solution was diluted with distilled water
to 25 mL. For some elements further dilution was necessary to achieve optimal
concentration levels for analysis.

Analysis

Neutron activation analysis

Neutron activation analyses were performed at the Frank Laboratory of Neutron
Physics, Joint Institute for Nuclear Reasearch, Dubna, Russia and Geological Institute
of Russian Academy of Sciences, Moscow, Russia. Most elements were determined by
ENAA with detection limits around 1 pg/g. The samples were irradiated in IBR-2 fast
pulsed reactor, the flux parameters of which are shown in Table 1.

Table 1. The flux parameters of irradiation sites

Irradiation site

Dy, 10" n/(cmz-s)

@y, 10" n/(cm*s)

@y, -10". n/(cm?-s)

E=0+0.55eV E=0.55 + 10° eV E=10° + 25 10%V
Chl (Cd-screened) 0.023 3.31 4.23
Ch2 1.23 2.96 4.10




Two kinds of analysis were done: long irradiation of 100 h in Ch1 were used to
determine elements associated with long lived radionuclides (As, Ba, Br, Ce, Co, Cr,
Cs, Eu, Fe, La, Rb, Sb, Sc, Se, Sm, Th, Zn) and short irradiation of 2 min in Ch2 was
used for short-lived radionuclides (Al, Ca, Cl, I, K, Na, Mg, Mn, Ti, V). The gamma-
activities of samples were measured four times after decay periods of 5 min, 10 min, 5
days and 13 days, respectively. The y-spectra of samples was recorded using a high
purity Ge detector. Four elements were determined by FAAS (Kvant-2A) at Geological
Institute of Russian Academy of Sciences. Lead (Pb) cannot be determined by INAA
and for three other elements FAAS also chosen because the detection limits for
cadmium (Cd), copper (Cu) and nickel (Ni) are better than in ENAA.

For AAS, the analytical performance was checked by the regular analyses of the
reference materials IAEA-336, lichen, and IAEA-359, cabbage, issued by the
International Atomic Energy Agency whereas IAEA-336, IAEA-359 and moss DK-1
(Danish moss) for NAA.

Results and Discussion

The results obtained for Pb, Cd, As and I are shown in F ig. 2 in comparison with
relevant data from areas in Russia, Poland and Norway.

Strongly elevated arsenic values were found in the Baia Mare region. The mean
value is comparable with concentrations from Ural Mountains, 3-4 times times higher
than concentrations from other industrial areas and 7 times higher than an Norwegian
background level. The As values are between 0.48 ppm and 7.42 ppm, with an avarage
of 2.17 ppm.

The Cd mean value of 1.43 ppm is 2 to 5 times higher than in other European
regions. The range of registered concentrations for Cd is between 0.37 ppm and 5.54
ppm.

The obtained values for Pb (mean of 46 ppm, range from 11 to 175 ppm) are also
higher than in Ural Mountains and Polish Copper Basin.

The Baia Mare region is well known not only for its high heavy metal pollution
but, also, for its endemic character due to iodine depletion. This fact is supported by our
results. The mean iodine concentration (0.59 ppm) in mosses from Baia Mare is 2.5
times lower than the background level in Norway and systematically lower than mean
values elsewhere in Europe.

Following the obtained data for Cu and Pb we can clearly distinguish their
different emission sources. The correlation coefficient calculated for these two elements
for all collected samples is very low, only 0.46, but if we divide the samples in two
categories with regard to the their distribution around the polluting sources, we observe
much higher correlation coefficients for each direction (F ig. 3).

A similar situation is noted for the other two pairs of elements: As—Cd and As-
Pb (Fig. 4).

Providing factor analysis for part of elements determined we distinguish 4
factors. First of them represents the group of “native” elements, the second groups four
of pollutant elements, the third one unifies the other two pollutants. The fourth factor
distinguishes iodine (Table 2).
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Figure 2. Baia Mare versus other European regions
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Table 2 Rotated Component Matrix

Component 1 2 3 4
Na 0.87 -0.21 0.13 0.18
Mg 0.92 0.07 -0.01 0.01
Sc 0.91 0.00 -0.02 0.25
Ca 0.71 0.29 0.02 -0.29
Cu -0.07 0.90 -0.02 0.00
Zn 0.38 0.01 0.74 0.44
As 0.18 0.90 -0.11 0.19
Cd -0.09 0.07 0.92 0.01
Sb 0.04 0.91 0.16 0.07
1 0.08 0.12 0.10 0.87
Pb -0.05 0.67 0.49 -0.20
Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
Rotation converged in 5 iterations.
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Kymnuxos O.A. u ap. E14-2001-163
H3yuenne atMoctepHBIX BBINAAEHHH TSXENbIX METaJIOB

B paliOHe CBHHIIOBOTO M MEJHO-IIMHKOBOr0 KOMOMHATOB

B Baita-Maps, PyMbIHMS, ¢ HCIIONBb30BaHHEM MXOB-OHOMOHHMTOPOB, BIHUTENIOBOTO

HeHTPOHHOrO aKTHBALMOHHOTO aHANH3a M METOMla INTaMEHHOH aToMHOH abcopOuuu

Jns u3y4eHus aTMOCQEpHBIX BHINAJEHHH METAIUIOB BOJIM3M CBHHLIOBOTO M MEIHO-LMHKOBOIO KOMOH-
HaroB B Baita-Mapa ucnone3oBaimuce Mxu Pleurozium schreberi, Pseudoscleropodium purum v Rhytidi-
adelphus squarrosus. O6pa3upl, NpeacTapnsiomue co6oi TPEXIETHHI NPUPOCT 3€IeHOH YacTH MXOB,
61 cobpaHbl B 28 Toukax npo6oor6opa B paguyce 2-20 KM OT HCTOYHHKOB 3arpsa3HeHHs OKpyXalollen
cpempl ¥ NPOAHATH3UPOBAHBI C MOMOMLIBI0 MHCTPYMEHTAbHOIO HEHTPOHHOTO aKTHBALIHOHHOIO aHalN3a
C HCII0/Ib30BaHHEM BIIUTEIUIOBBIX HEHTpoHOB (DHAA) 1 MeTona miaMeHHo# aroMHO# abcop6uuu (FAAS).
B uenom 6su10 onpeneneHo 30 s1eMeHTOB, BKI0Yas OONBIIMHCTBO TSKENBbIX METAIOB, KOTOPBIE BBIOpa-
ChIBAIOTCS B aTMoc(epy NaHHBIMM THNaMH npousBoxcTB. Konnenrpauuu As u Cu, nonyueHHsle B paioHe
Baita-Maps, cpaBHMMBI C aHATOrMYHBIMHA JaHHbIMA 1 Kapa6ama (FOxHbIf Ypan) — ofHOro M3 caMbIX
«TPSI3HBIX» pernoHoB EBponsl. OTMeyaeTcs BHICOKas CTENeHb KOPPEJIALMH 3THX 3JIEMEHTOB MEXIY COGOH.
Cpennue 3HayeHus 114 nMHKa (136 ppm) 1 cBuHNA (41 ppm) CyIECTBEHHO NPEBBIIAIOT H3BECTHBIE JIH-
TeparypHble HaHHble. CaMoe BHICOKOe 3HadeHHe 1 cBuHLA (175 ppm) 6bu10 onpeneneHo B o6pasue, co-
OpaHHOM B HEMOCPENCTBEHHOH ONM30CTH OT CBHHLOBOro KoMOuHara. CpenHee 3HayeHHe I CYpbMBI
(0,56 ppm) 3HaYMTENbHO MpEBBILAET (POHOBBIH YPOBEHb CONEPXKaHHA CypbMBI B HOPBEXCKHX MXaX, HO
B 5 pa3 HUXe CpefHed KOHLEHTpauuu cypbMbl Ha }OxHoM Vpane. Habmonaercs cuibHas Koppensuus
MeXIy CyppbMOH M CBHHIIOM. Pe3ynbTaThl HaHHO#H paGOTHI CBHAETENBCTBYIOT 00 SHIEMHYHOM XapakKTepe
JAHHOTO pernoHa o iony. CpenHee cofepxaHue Hoaa Bo Mxax B paiione Baita-Maps B 2,5 pasa HuxXe, 4eM
B (hoHOBOM paiioHe HopBernu, H cHcTeMaTHYeCKHM HHXKe CPeJHEeeBPONEiCKHX 3HaYeHHH.

Pa6ota BeimosnHeHa B JlJabopatopun HeiitpoHHOH ¢du3uku uM. H.M.@panka OHSH.
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Culicov O.A. et al. E14-2001-163
A Heavy Metal Atmospheric Deposition Study Around the Lead

and Copper-Zinc Smelters in Baia Mare, Romania, Employing

the Moss Biomonitoring Technique, ENAA and FAAS

The mosses Pleurozium schreberi, Pseudoscleropodium purum and Rhytidiadelphus squarrosus
were used as biomonitors to study the atmospheric deposition of metals around the lead and copper-zinc
smelters in Baia Mare. Samples representing the last three years’ growth of moss or its green part, col-
lected on the ground at 28 sites located 2-20 km from the source area, were analyzed by instrumental
neutron activation analysis using epithermal neutrons (ENAA) and by flame atomic absorption spec-
trometry (FAAS). A total of 30 elements were determined, including most of the heavy metals known
to be released into the air from this kind of industry. Obtained concentrations for As and Cu are compa-
rable with those observed in Karabash, South Ural Mountains, one of the most polluted regions in Europe.
Besides, these two elements correlate very well with each other. The mean values for Zn (136 ppm)
and Pb (41 ppm) are substantially higher than those normally found in the literature. The highest value
for Pb (175 ppm) was observed in a sample collected in the vicinity of the lead plant. The mean value
for Sb (0.56 ppm) is much higher than the background level in Norway but 5 times lower than the mean
Sb concentration in parts of the South Ural Mountains. A high correlation between Pb and Sb was ob-
served. Moreover this study evidences the endemic character of the examined area due to iodine depletion.
Its mean value in the moss is 2.5 times lower than the background level in Norway and systematically
lower than the mean European values.

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2001




Maker H.A KuceneBoii

IMoanucano B neuats 24.09.2001
®opmar 60 X 90/16. OdcerHas meyats. Yu.-u3a. ia. 0,74
Tupax 350. 3aka3 52868. Ilena 74 k.

N3 patensckuii otnen OObeJUHEHHOT0 HHCTUTYTA SJEPHBIX UCCIIEX0BaHUMH
Jy6na MockoBcko# o6nacTu



