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ON THE OCCURRENCE OF CARCINOGENIC POLYCYCLIC
AROMATIC COMPOUNDS (PAH) IN SOME POLISH RIVERS

Polycyclic aromatic hydrocarbons PAH are exhibiting, carcinogenic effects of varying
intensity according to the number of rings. Benzo (a)pyrene was found to be the most
active species. The PAH compounds such as 3,4-benzo (b )fluoranthen and 10, 11-benzo
(j) fluoranthen were found to be average in activity. Other compounds were found either
weakly carcinogenic or not exhibiting any activity. The classification has been conducted
experimentally and based on the degree of influence of the substance on the skin of mouse.

1. INTRODUCTION

Polycyclic aromatic hydrocarbons (PAH) are colourless water insoluble substances.
Some of them are potent carcinogens. The representatives of mono and of polycyclic
aromatic hydrocarbons listed in table 1.

Table 1

Mono- and polycyclic aromatic hydrocarbons

Benzene naphthalene di-phenyl
anthracene phenantrene fluorene
benzo(a)antracene chrysene pyrene fluoranthene
benzo(a)pyrene benzo(e)pyrene perylene benzo(k)fluoranthene
antracene benzo(ghi)perylene

koronene

In studies on neoplasmatic diseases carcinogenic activity of various PAH was tested
on mouse skin. It has been stated that benzo (a) pyrene (B(a)P) is the most active, benzo
(b) fluoranthene (B(b)F) and benzo () fluoranthene are moderately active, and benzo (a)
anthracene (B(a)A), benzo(e)pyrene (B(e)P), chrysene (Ch) and indeno (I,2, 3-cd)

* Water Pollution Control Department of the Wroctaw Division of the Research Institute for En-
vironmental Development, Wroctaw, Poland.
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pyrene (IP) are the weakest carcinogens. An increasing tendency of carcinogenic activity
has been observed with the increasing number of carbon rings until 5 rings are reached,
beyond this number this activity decreases. The world-wide studies on polycyclic aromatic
hydrocarbons have allowed to find some features common to all the carcinogenic PAH,
namely a distinctly local action on human and animal organisms, and the long time from
the contact of tissue with the carcinogenic PAH required for neoplasmatic symptomps
to be manifested. The disease itself is explained by the ability of the hydrocarbon molecule
to combine with cell acceptor of the living organism.

It is well known that PAH are formed during the high temperature pyrolysis of hydro-
carbons (673-773 K), but more recently strong evidence has indicated that PAH may be
produced by bacteria and plants (KNORR, SCHENK, HANCOCK et al. [19]. In soil samples
from forests and fields BLUMER [2] found the concentrations of PAH of between 40 and
1300 pg kg='. The areas examined were distant from major highways and industry. Sam-
pling was performed under dry weather conditions. According to BORNEFF and KUNTE [7]
the average level of carcinogenic PAH in ground water was 0.06 ug dm—3. These authors
as well as FALK et al. [14] concluded that bituminous road surfaces and car tyre wear
both contribute PAH to run-off from roadways. The latter in turn, may contribute sub-
stantially to levels of PAH in sewage. Samoilovich and Redkin have found appreciable
levels of B (a) P in rivers polluted by oilfield and petroleum industry effluents. These scien-

tists found B (@) P concentrations of 0.05-3.5 ug dm?® " 34 km downstream from the point

of entry of the effluent, and 0.07-1.06 ug dm®™" 22 km downstream.

BorNerr and FISHER [5] have stated that the dried plankton from the Lake Constanca
contained about 100 pg kg~ of PAH.

GrapPH and DieHL [17] who analysed the relation between PAH and plants have sta-
ted that in vegetables used for human consumption the levels of B (¢) P amount to 10-20 pg
kg~ dry wt, and in other plants concentrations of individual PAH ranged within 5-110 pg
kg=! of dry weight. Their later experiments have shown that the rate of growth of a number
of plants and the output of grain (rye) can be increased by feeding carcinogenic PAH.
In works of Russian scientists it has been emphasized that the plants which absorb CO,,
expell oxygen and retain mechanically some impurities on their leaves, can assimilate
various compounds (aromatic compounds included) binding them and neutralizing. Some
of them, e. g. grape-vine, peach-tree etc. do not absorb aromatic hydrocarbons almost
at all, privet assimilates some tenths of miligram, poplar, cherry-tree and others intake
miligrams, while maple-trees and others absorb some tens of miligrams. The investigations
conducted on behalf of the World Health Organization allowed to state the presence
of PAH in drinking water. It has been assumed than even trace amounts of these compou-
nds — if present in water for human consumption — require further studies. According
to standards accepted by W. H. O. the allowable amounts of carcinogenic PAH (benzo (@)
pyrene, fluoranthene, benzo (k) fluoranthene, benzo (b) fluoranthene, benzo (ghi) perylene
and indeno (1, 2,3, c—d) pyrene) must not exceed 0.200 p.g dm=3 [12]. This 0.200 pg dm—3
standard is the reference level for the concentrations found in various rivers. Some selec-
ted examples are given in table 2. This table presents also some examples of concentra-



On the occurrence of ... PAH in some Polish rivers

147

tions of PAH stated in other sources. Some examples of PAH removal by water and sewage

treatment processes are given in table 3.

The investigations conducted have confirmed the importance of the problem studied
bearing in mind that man is exposed to a permanent contact with carcinogenic substances

occurring in his natural environment, i. e. in soil and plants, water and air.

Table 2
Carcinogenic benzo(a)pyrene levels
i ; Concentration Literature
Medium monitored ug dm—* pg dm-! item

River Gersprenz at Munster 0.0096 [8, 9]
River Danube at Ulm 0.0006-0.0013 [8, 9]
River Main at Selingenstadt 0.0011-0.043 [8, 9]
River Aach at Stockach 0.004-0.016 [8, 9]
River Schussen 0.001 [8, 9]
Thames River, Kew Bridge 0.130 [1]
Thames River, Albert Bridge 0.160 [1]
Thames River, Tower Bridge 0.350 [1]
Rivers in Soviet Union 0.05-3.5 [26]
Ground water 0.045-0.06 [7]
Wastewater

domestic effluents during dry weather 0.038-0.368 [9]

domestic effluents during heavy rain 1.840 [9]

factory. effluents 0.1-0.368 [9]
Marine sediments
Greenland 5 [22]
Ttalia 1.4-3000 [12]
France 15-1500 [11]
Forest soil 40-1300 [2]

Plankton
Greenland 5. [22]
Italy 5-21 [12]
France 400 [23]

Algae
Greenland 60 [22]
Italy 2 [12]

Fish
Greenland 15-16 [22]
Italy 65 [12]
Plants
Edible 0-20 [17]
Other 1110 [17]
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Table 3

PAH removal in some water and wastewater treatment processes

Treatment method 9% Reduction ’ Kind of PAH ’ Literature

2080 |

Primary treatment total ‘ [10]
Primary and biological 75 } B(a)P [15]
Soil not inoculated with bacteria (control) 0 } B(a)P [24]
Soil + NS5 bacterial strain 53 ‘ B(a)P [24]
Soil 4 N13 bacterial strain 66 | B(a)P ‘ [24]
Soil + N13 bacterial strain* 82 B@)P | [24]
Extraction with butyl acetate 90 B(a)P | [27]
Percolating filters and activated sludge 97-99 ’ total [10]
Synthetic sewage dosed with B(a)P, aluminium sulphate 1 50 \ B(a)P ’ [21]

used as a coagulant with addition of synthetic flocculation | ‘ \

agents 90 B@P | [1]
Addition of flocculating agent (5 mg/dm?) 96 ! B(a)P ‘ [21]
Carbon adsorption bed 99 | total ‘ [6]
Water ozonization after 30 min. contact time ‘ 99 ’ B(a)P [7]
Water ozonization after 1 min contact time ‘ 39 ‘ B(a)P ‘ [7]
Chlorination of drinking water at 0.3-0.5 g/m?® of chlorine ‘

and level of B(a)P 1-5 pg/dm?; contact time 0.5-2 hrs | 50-100 | B(a)P [18]

* Before the experiment this strain was cultured in a madium containing B(a)P for 110 days.
2. RESULTS OF INVESTIGATIONS

The water quality surveys carried at our Institute in the years 1975 and 1976 encompassed
PAH determinations in 10 monitoring cross-sections along the Olawa and Nysa Klodzka
Rivers and their influents as well as in the Odra River.

The ranges of concentrations for the selected PAH determined in the controlled rivers
are given in table 4. The values of carcinogenic B (a) P concentrations determined in the
water of the rivers controlled are of the same order as in European rivers (see table 2).

Table 4
PAH concentrations found in three rivers
Range of concentrations in pg dm—3
Source — — T = — ——————
B(a)P ] Fl ‘ B(ghi)P

1 J - I -

Nysa Ktodzka 0.0031-0.4826 0.0222-2.0148 ‘ 0.0161-0.4821

Otawa 0.0026-3022 0.0311-2.4024 } 0.0045-0.4827

Odra 0.018-0.8234 0.1911-1.420 \ 0.0284-0.4727
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Maximum levels of B (a) P, stated in water of the rivers Nysa Klodzka and Odra rea-
ched or slightly exceeded the value found in the Thames River at the Tower Bridge (0.350 pg/
dm?). It should be emphasized that the highest concentrations of B (a) P were found for
cross-sections loaded with sewage of the origin other than petrochemical and coke indu-
stries, which are generally considered as the main source of benzopyrenes. Direct or indi-
rect influence of small gas works through the ground water cannot, however, be excluded.
Typical branches of the industry — which according to literature data chiefly contribute
to levels of PAH in sewage — are not localized within the area of Otawa and Nysa Klodzka
drainage basins, except for small gas works.

The highest concentrations of PAH have been found in the monitoring cross-section
of the Olawa River, below the town of Zigbica, where the water was polluted considerably
with insuficiently treatment domestic sewage and factory effluents from fruit and vege-
table processing plants, sugar plant, slaughter houses etc. Physico-chemical parameters
of this water far exceeded the upper standard limits, e. g. the average BODs value was
157 mgO, dm—2 and the average concentration of Nyg, amounted to 12.1 mgdm—3 (tab-
les 4 and 5). The same has been found in the river basin of Nysa Klodzka, where the maxi-
mal concentrations of benzopyrenes were found in the Cielnica River, whose water was
characterized by parameters corresponding to those of sewage, with the average BOD
value 59.1mgO,dm—3 and the average concentration of NNH4 amounting to
7.4 mgdm~3.

In the Nysa Klodzka waters elevated levels of PAH have been found in the cross-sec-
tions distinctly influenced by domestic sewage, effluents from food industry and various
workshops, such as laundries, chemical cleaning etc. High concentrations of PAH were
found in the Byczen cross-section, where the average value of BODj; amounted to
5.9 mgO,dm—2 and concentration of suspended solids equaled 42 mgdm—3. The levels
of PAH are compared in figs. 1-3.

The highest concentrations of carcinogenic B (a) P were observed in cross-sections
loaded with large amounts of sewage, i. e. in the Otawa River, below the town of Ziem-
bice, in the Cielnica River (influent of the Nysa Ktodzka River) and in the Nysa Ktodzka
River at Byczen.

In the remaining cross-sections the ranges of B (a) P for both the rivers, were similar,
varying from 0.002 to 0.060 g dm—2. The concentrations of PAH in the Odra River were
higher than in the rivers just discussed, ranging from 0.040 to 0.250 p.g dm~2, and in single
cases they amounted to 0.400 and even exceeded 0.800 p.g dm—3.

In the rivers Otawa and Nysa Klodzka not only the ranges of B (a) P concentrations
were similar, but even the cycles stated in separate seasons of the year were analogous.
The highest concentrations were observed in summer, they decreased in spring and autumn,
and were the lowest in winter.

In the Odra River the contents of PAH were not determined in spring. The highest
concentrations occurred in summer, lower in autumn, and the lowest were noted in winter.

In the Cielnica River charged with effluents from malt industry, characterized by perio-
dic operation, the highest levels occurred in autumn.
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The investigations on fluoranthene concentrations showed similar seasonal variations
of concentrations in river waters, i. e. the highest concentrations were found in spring,
lower to winter and the lowest ones in summer and autumn. The highest concentrations:
2.000 and 2.400 pug dm—3, were found in two cross-sections — in the Otawa River and in
the Cielnica River. In Odra River seasonal changes could be distinguished, but the con-
centrations varied within a narrower range than in the two remaining rivers. It must be
noted, however, that the lower limit was higher, and highest concentration amounted
to 1.400 pg dm—3.

For benzo (ghi) perylene similar seasonal regularities have been found in the rivers
Otawa and Nysa Klodzka, and a different cycle in the Odra River. In the first two rivers
the concentrations of B(ghi)P varied from 0.022 to 0.225 pgdm=>. In the Odra River
the values of B (ghi) P concentrations ranged within 0.050-0.500 p.g dm~3. The lowest le-
vel was noted in winter, and the highest in summer.

Results of chemical and physical examinations of the remaining indices of water pollu-
tion (presented in table 5) reveal no direct correlation between the values of the parameters
measured and the concentrations of PAH, although in single cases the concentrations of
PAH increased considerably with increasing amounts of suspended solid and BODj;
values. It can, however, be stated that in general the level of PAH in polluted water is
higher than in unpolluted waters.

SUMMARY AND CONCLUSIONS

The carcinogenic PAH, i. e. benzo (a) pyrene, benzo (b) fluoranthene, 10,11 benzo @)
fluoranthene, benzo(a) anthracene, benzo (e) pyrene may be formed during pyrolysis, they are
however also produced by bacteria and plants. Petrochemical, coke and oil industries as
as well roadways are the main sources contributing to the pollution of environment with
polycyclic aromatic hydrocarbons. Since these compounds occur in natural environment
of man (soil, plants, and water), human organism is permanently exposed to the contact
with carcinogenic substances.

In water and sewage treatment processes the removal of benzopyrenes depends on the
method applied. Thus primary treatment yields 20-80%, reduction of PAH, biological
treatment yields 75%, PAH removal, while activated sludge followed by coagulation may
yield even 97-999%,.

The concentrations of PAH determined in the rivers Otawa, Nysa Klodzka and Odra
are of the same order as in other European rivers. Maximum concentration of benzo (a)
pyrene in the Otawa River was about 0.350 pg/dm—2, thus much higher than the standard
value 0.200 pg dm~3, and close to that stated in the Thames River at the Tower Bridge.
In the remaining rivers maximum concentration of this compound ranged from 0.150 to
0.84 pg dm=.

Maximum concentrations were found for cross-sections receiving large amounts of
wastewaters (the rivers Cielnica, Odra and Ofawa below the town of Ziebice) which did
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not originate from the industries recognized as the main sources of PAH, but from the
food industry and from inhabitants.

The pollution characterized by physical and chemical parameters is similar for Otawa
and Nysa Ktodzka Rivers; the seasonal cycles of PAH concentrations are also analogous.
For the Odra River — much more polluted than the two remaining rivers — the levels of
PAH concentrations were also higher.

It may be concluded that the high concentrations of PAH stated in Polish and European
rivers indicate the necessity of further studies to protect man against the contact with carci-
nogenic substances.

WYSTEPOWANIE WEGLOWODOROW AROMATYCZNYCH W WODACH
POWIERZCHNIOWYCH OLAWY, NYSY KEODZKIEJ I ODRY

Wielopierscieniowe weglowodory aromatyczne sa zwiazkami wykazujacymi, w zaleznosci od liczby
pierscieni, zréznicowane pod wzgledem sily dziatania wlasnosci rakotworcze.

Za najaktywniejszy pod tym wzgledem uznany zostal benzo (a) piren. Do $rednio aktywnych zwiazkow
zaliczono 3,4-benzo (b) fluoranten i 10, 11 benzo (j) fluoranten. Pozostate zwiazki uznano za stabo aktyw-
ne lub nie wykazujace tendencji rakotwdrczych.

Powyzszy podziat przeprowadzono doswiadczalnie, badajac oddzialywanie poszczegblnych zwiazkow
na skorg myszy. Badania nad WWA prowadzi wiele osrodkow naukowych w $wiecie. W Polsce zagadnienia
te znajduja si¢ na etapie prac wstepnych.

WWA powstaja w wyniku naturalnych proceséw, do ktorych mozna miedzy innymi zaliczy¢ procesy
fizjologiczne niektorych bakterii i ro$lin, oraz w wyniku gospodarczej dziatalnosci cztowieka. WWA. pow-
staje miedzy innymi podczas Scierania opon samochodowych na powierzchniach asfaltowych, a takze jest
wydalany do atmosfery wraz ze spalinami z wylotow kominowych. Zwiazek ten przedostaje sie do wod
powierzchniowych ze Sciekami, np. z przemystu koksowniczego, petrochemicznego itp. Badania wykazaly,
ze w procesach oczyszczania Scieckow WWA mozna redukowaé od 20%, przez oczyszczanie mechaniczne do
96% w drodze pelnego oczyszczania. Przy wysokim uzdatnianiu wody przeznaczonej dla celéw komunal-
nych osiagano prawie 1009, redukcji WWA.

W pracach nad ocena jakosci wody rzek Otawy, Nysy Klodzkieji Odry prowadzonych w latach 1976
i 1977 przez Instytut Ksztattowania Srodowiska kontrolowano trzy z WWA, stwierdzajac nastepujace
zakresy stezen:

benzo (a) piren od 0,0031 do 0,8234 gdm~—3,
fluoranten od 0,0222 do 2,4024 gdm~3,
benzo (ghi) perylen od 0,0045 do 0,4827 gdm—3.

Maksymalne stezenia tych substancji stwierdzono w przekrojach znacznie obciazonych tak Sciekami
komunalnymi jak i pochodzacymi z zaktadow przemystu spozywczego oraz z zakltadow ustugowych. Wody
Odry majace znacznie wyzszy poziom zanieczyszczenia zwiazkami organicznymi od dwu pozostatych rzek
cechowaly rowniez wyzsze stezenia WWA.

W wodach Otfawy i Nysy Ktodzkiej o podobnym stopniu zanieczyszczenia stwierdzono podobny po-
ziom kontrolowanych WWA.. Odnotowano prawidtowosci w uktadach stezer odpowiadajace porom roku —
najwyzsze wiosna, najnizsze latem i jesienia. W wodach Odry zakres stezen byl wyréwnany bez wzgledu
na pory roku. .

Przedstawione wyniki badan stanowia wstepna informacje o stopniu zagrozenia wod powierzchniowych
w kraju przez WWA.. Problem ten wymaga dalszych badan.
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DAS AUFTRETEN VON MEHRKERNAROMATEN IM FLUSSWASSER
DER OLAWA, NYSA KLODZKA UND ODRA

Polycyclische aromatische Kohlenwasserstoffe (Mehrkernaromate) weisen je nach Ringzahl eine
starke oder schwache cancerogene Aktivitit auf. Nach bekannten Literaturangaben, schreibt man die
stiarkste Wirkung dem 3, 4-Benzpyren, méssige dem 3, 4-Benz-fluoranthen, schwache dem 11, 12-Benz-
fluoranthen zu. Mehrkernaromate treten iiberall auf — in der Luft, im Oberflichengewdsser, im Boden und
sogar in Ndahrmitteln; somit kommt den Konzentrationsuntersuchungen grofte Bedeutung zu.

Die Verfasser haben das Auftreten der Polycyclischen Aromate im Wasser einiger niederschlesischen
Fliisse in den Jahren 1976/77 untersucht und folgende Konzentrationen festgestellt:

3, 4-Benzpyren 0,0031-0,8234 p.g/dm?,

Fluoranthen 0,0222-2,4024 pg/dm?,

1, 12-Benzperylen 0,0045-0,4827 p.g/dm?.

Grosste Werte hat man — wie erwartet — in diesen FluBquerschitten gefunden, wo die Belastung mit
Abwasser am stirksten war. Das FluBwasser der Odra (Oder) wies hohere Konzentrationen auf als das der
beiden anderen Fliisse. Konzentrationsschwankungen withrend der Jahreszeiten waren unwesentlich. In
Nysa Ktodzka Glatzer (Neille) und Otawa (Ohlau) waren die Konzentrationen weit kleiner und jahres-
zeitabhingig — hochste Werte stellte man im Friihjahr, niedrigste im Sommer und im Herbst fest.

Die Untersuchungen werden fortgesetzt.

HATYNE APOMATIYECKIX MHOTOSIEPHBIX ¥ [JIEBO/IOPO/IOB B TIOBEPXHOCTHbIX
BOJIAX HBICHI KJIOA3KCKOM, OJIABbL 1 OJIPBI

MHOTOSIepHbIe YIJIEBOIOPOABI APOMATHIECKOrO DS SABJAIOTCS COCAMHCHUAMH, 00HapYKUBAKO-
IAMH, B 3aBHCHMMOCTH OT KOJIMYECTBA LIMKIIOB, PA3/IMYHBIE IO CHIIC JIeiiCTBUSI KQHLIEPOT€HHbIE CBOMCTBA.
CaMbIM AKTMBHBIM B 3TOM OTHOLICHHM ObLT NPH3HAH 6en3(a@)mupen. K cpelHEaKTHBHBIM COSJHHEHUIM
oTHOCAT 3,4-6en3(b)diroopanten. OcTanbHble COCMHEHUS IPU3HAHBI c1aGoaKkTHBHBIMHU MJIM ke He oOHa-
PYXUBAIOLIMMHI KaHLEPOTCHHbIX crocobrOCTEl. DTta KnacchdHKamus Oblia IPUO3BEIEHA OIBITHBIM
nyTeM, C M3ydYeHHeM CTENeHH BO3CHCTBHs HA3BAHHBIX COeIMHEHUI Ha KOJXY MBIIIEH.

Beuay HAIMuMs apoOMAaTHYECKMX MHOTOSIEPHBIX YITIEBOLOPOIOB (AMY) B OCHOBHBIX KOMIIOHCH-
Tax cpeisl, TO €CThb B BOJIE, B BO3IYXe, B IOYBE, & TAKKE B MPOAOBOILCTBUH, WCCIIeOBAaHME 3THX BEIIECTB
IPOBOIUTCS BO MHOTHX HAy4HBIX LEHTPAX MUpa. B IToJblle 3TH BOIPOCH CTATH, OOBEKTOM T0JIBKO MOKa
npeIBAPUTENBHBIX MCCIIEOBAHMIA.

O6pasosanie AMY B cpejie IPOMCXO/UT B PE3YNIbTATE €CTECTBEHHBIX IIPOLECCOB, K KOTOPBIM MOXHO
OTHECTH, MEX/1y MPOYHM, (PM3HONOIHIECKHE TPOLECCHL HEKOTOPDIX GaxTepuil ¥ PACTEHMI, a TAKKe XO3sii-
CTBEHHOI /IesATeIbHOCTH veioBeka. K mocnennei Hy)KHO OTHECTH obpaszosBanue AMY B pe3yibTaTe TPEHUS
ABTOMOGHIBLHBIX MHH 06 achabTHYIO TTOBEPXHOCTH, @ TAKKE NPOHUKHOBEHHE MX M3 ZIBIMOXOZHBIX TPYO
B BO3/]yX WA e, BMECTE CO CTOYHBIMM BOJAMH, B TIOBEPXHOCTHBIE BOPDL, HATIpEMeEp B paifoHax KOKCO-
XUMEYECKOM MITH He(TeXAMHAYECKOH IPOMBIIIIEHHOCTH, 1 T.II. VlccieoBanus mMoKasamm, 4To B mporeccax
OYHMCTKM CTOYHBIX BOoJ AMY BOCCTaHABIMBAOTCA OT 209, (npu MeXaHWYECKOH oumcTKe) Mo 96% (mpu
HonHO#t o4ucTKe). IITPH BBICOKOM CTENEHH MOATOTOBKH BOJBI VISl KOMMYHAJIHHBIX Lesei JoCTUTaTH
1o 1009 BOCCTaHOBIICHUS AMY. J

B xone paGoT MO OlleHKe kauecTBa BOmbI pex Omasbl, Huicel Kimoaskckoit 1 Oapsl, TpOBEIEHHBIX
B 19761977 rr. Uactutyrom dhopmupoBaHus Cpeaibl, ObIIM TIPOBEJEHB TPH U3 OOCYKIAeMBIX COCIMHE-
HUif ¥ YCTAHOBJIGHBI CJIEAYIOLIHE 06IacTH KOHLIEHT DAL :

6en3(a@)mupeH — ot 0,0031 mo 0,8234 mMr mmMm~3,

durroopanTEH — or 0,0222 mo 2,4024 Mr mM~3,

6em3(ghi)mepunena — ot 0,0045 o 0,4827 mr am—3.



M. Kartowska-Jasek, E. Rzewuska

MakcuManbHble KOHICHTPALMH HTHX BEIIECTB ObM CcOHAPYKEHBI B OpoOUIISX, 3HAYUTEIHLHO
HATPYKEHHBIX CTOYHBIMH BOJAMH, MCNYCKAEMBIMH 10MAIITHIMA XO3AMCTBAMM, & TaKkKe MNHUIIEBOI mpo-
MBIIIICHHOCTRIO U MPEANPUATUSIMA 10 OBCAYKUBAHKIO.

B Onpe, B Bomax xoTopoii 3arpssnenuocTs OPTaHWYECKUMHI COCAMHEHMAMU TIOPA3/10 BBIIe, HeM
B OCTaJILHBIX pekax, KOHUeHTpauun AMY oka3biBaroTcs Toxe Golee 3aMeTHBIMU. B Bogax OnaBbel u Heicel
Knonskckoif, 3arpsisHeHne KOTOPBIX MO OCHOBHBIM bUBHKO-XUMHYECKEM  MOKA3aTe M OIMHAKOBA,
Oo6HApYKeHA 3HAYMTETHHAS CXOAUMOCTD YPOBHEH 3arpsisHeHms 06CYKIAeMBIMU COEIHHEHMSIMY. 3necn
OTMEUCHBI TAKKe 3aKOHOMEPHOCTH B CHCTEMAx KOHLEHTpALWil, COOTBETCTBYIOIIMX BpeMeHAM roja:
CaMble BBICOKHE BECHCI, caMble HU3KHE JIETCM U CCEHBIO.

O6acTh KoHLEHTpaluii B Bojax O/pbl He COHAPYKUBATA KAKMX-TO 3aMETHBIX KoJebanmii Ha mpo-
TSXKEHUU TOJa.

IMpuBeneHHbIe Pe3YIBTATHI MCCIIETOBAHMIA HPEACTABIIAIOT COGOM JMIIL CaMyIO HAYasIbHyIO uHbOP-
Manuto 06 onacHocTH, BbI3biBaeMoit AMY, u nosTemy npcbiema HyKIaeTcs B nabHeIei paspaboTke
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