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Introduction

The Sister is a small river in the upper basin of the Volga. It has a small water
volume and is therefore, very sensitive to the anthropogenic impact. The Sister
experiences a strong technogenic impact in and around the town of Klin, a big regional
and industrial center, which is a source of a large amount of industrial and household
wastes of an organic and inorganic nature. Among the largest representatives of industry
in the territory is KLINVOLOKNO, a joint-stock enterprise producing viscose and
caprone fiber, whose contribution to environmental pollution is essential.

Today, the wastes treatment plants of the town and KLINVOLOKNO are
overloaded and their efficiency is low. Frequent are break-downs and malfunctioning of
separate elements in the technological chain. This leads to skipping of or poor
performance in some stages of processing and as a result, discharge into the Sister of not
completely treated water.

Experimental

To do research in the field, experiments were carried out to assess the
contamination level of the Sister and the Dubna, the small rivers of Moscow Region,
and decide whether or not the quality of their water and sediments, including the
multielement composition of water and suprobiological factor, meet the existing
standard of water use [1]. '

Sampling of water and sediment was carried out at permanent sites indicated in
Figure 1.

The presented results of chemical analysis of surface water in the Sister show
that it is strongly contaminated by organic substances, heavy metals, and NO,~, NH,;"
over almost its entire length (Table 1).

Table 1: Concentration of contaminants in the water of the Sister river

Ingredient Background Contaminated MPC
area area
Oxygen concentration No lower

mg Oy/L, 92-9.8 0-87 than 6
COM, mgO/L 12-36 32-342 30
BODs, mgO,/L 1.5-2.9 3.0-48 3.0

Phenols, mg/L 0 0.002 —0.026 0.002
CSAS, mg/L 0 0.16 —0.98 0.10
NOy 0.01-0.03 0.05-0.78 0.02
NH, 0.2-0.3 0.5-9.25 0.4
SO> 22-52 48-154 100




Heavy metals (copper, zinc, cadmium, and lead) were identified by the method of
inversion voltamperometry employing the polarograph ABC-1 and the electromagnetic
sensor “Module EM-04” and following a certified procedure. The samples were
prepared by photochemical decomposition of dissolved organic substances and their
complexes with metals in the photolysis chamber FK-12M.

"Q Lake Senezhskoye
Figure 1. Scheme of flowing river Sister.

The calculation of forms of Cu- and Zn occurrence in surface water was
conducted by the Mironenko M.V. program which realizes an algorithm of search for a
free energy minimum in the Gibbs system. The calculated system included inorganic
macrocomponents (H, O, Na, K, Mg, Ca, C, S, Cl, N) and microelements (Zn, Cu, Cd,
Pb) as independent components. All the calculations were performed for 25 °C and a
total pressure of 1 atm. The spectrum of dissolved particles involved 36 ions, including
primary ions and their formed ionic pairs as well as ions of heavy metals and some of
their organic complexes. The conducted calculations of the forms of chemical
occurrence in the studied water and the activity coefficients of dissolved ions make it
possible to calculate the products of activity coefficients of low dissolved compounds in
water and assess their saturation levels with respect to their solid phases.

As for Zn, Cu, Pb, Cd, the river water is undersaturated relative to their solid
phases. This means that heavy metals do not deposit from water as low dissolved
compounds but migrate as constituents of complex compounds or suspended particles

(2]

To determine heavy metal contents in sediments, we used neutron activation
analysis and identified 42 elements (Table 2), including Pb, Cu, Cd, and Zn, whose
contents were earlier determined by the polarography method (inversion voltamperometry)
(Figure 2). 9



250

200

150

100 1

50

1 4 5 7 8 9 10 11 12 14 16 19 20 21

[—8—2zn ——cd - O- cu]

Figure 2. Zinc, copper and cadmium in the Sister water (1999), ug/L

The results of epithermal neutron activation analysis show that sediments in the
Sister sorb petroleum products (strong V-Ni correlation, R=0.9). Besides, a specific
feature of the sediments is the anthropogentic contamination characteristic of galvanic
production in the town of Klin and a small aviation town situated up the Sister river
from Klin (strong correlation of Zn — Pb (R=0.92), As — Ga (R = 0.94), Fe — Cr (R=0.9))
(Table 3).

Heavy metals form a descending row in sediment enrichment coefficient, the
‘Metal/Al ratio [3]: Fe> >>Zr>Mn>Zn >Cr>V>Ni=As>Co. The data from neutron
activation analysis and polarographic analysis were used to compose a correlation
matrix which confirmed specific contamination by heavy metals in the Sister river.

For Cd, Zn, Cu, and Pb, their migratory forms were determined. To know heavy
metals forms of occurrence in the sediments, a number of sequential extracts were done:
1 M MgCl,, acetate ammonium extract (pH 4.75), 0,1 M HCI, 0.1 M NaOH [4].

At changing reduction-oxidation conditions and seasonal changes in the
hydrochemical and hydrodynamic regime, the major part of heavy metals obtained by
extracts may transfer to porous solution and water mass.

Investigations of HM migratory forms show that HM complexes in the
sediments make up a descending row: Acid-soluble fraction- 43% > carbonate fraction
—16.7 % > exchange fraction 15.3% > organic matter-related fraction 10.5 %.

For biological characterization of water in the Sister river there were mainly
used indicator species in the zooplankton since the main characteristic of the
zooplankton is a constant diversity index and dynamic stability [5].

An analysis of the biotic component of the Sister ecotope revealed a saltation
reconstruction of biocenosis in agreement with the chemical analysis data. On the
whole, the amount of plankton was not very large, which may possibly be explained by
too high summer temperatures in 1999.



Table 2. Neutron activation analysis and polarographic analysis data on the elemental
composition of sediments in the Sister river, ppm

Minimum |Maximum| Mean Median Stat.dev.
Na 4353 7189 6189 6181 854
Mg 6781 28310 13493 11650 6361
Al 9150 31630 16148 16450 6356
K 6185 16260 10370 10120 2705
Ca 1963 16230 6894 4566 4700
Ti 80 763 312 337 19.2
Cr 11.2 127 38.83 34.7 284
Mn 144.3 2672 668.5 533.3 685.7
Fe 4948 31820 14004 14070 8124
Rb 25.05 65,88 42.09 42.6 12.6
Cs 0.31 2.48 1.08 0.91 0.68
Sr 59.2 140.2 94.5 85.2 23.1
Ba 202 486 341 348 85
Ga 6.9 31.1 14.6 13.9 7.7
Pb* 2.1 45.1 18.16 18.3 12.2
As 3.8 22.3 10.93 8.7 5.9
Sb 0.06 0.70 0.28 0.19 0.20
Br 0.6 7.8 2.7 2.1 2.2
Cu* 0.3 256.0 5.7 1.8 7.1
Zn 22.0 605.9 185.7 137.8 169.0
Cd* 0.2 60.1 9.1 1.3 19.0
Hg 0.01 2.29 0.27 0.02 0.70
Sc 1.5 8.9 4.2 3.9 2.1
Zr 292 1891 1161 1160 466
Hf 1.8 12.7 7.5 7.7 3.1
\Y 8.0 61.7 25.9 23.0 17.1
W 0.15 0.91 0.46 0.39 0.28
Co 222 11.23 4.99 4.68 2.69
Ni 2.8 125.0 26.2 9.8 39.6
La 4.74 26.98 14.36 13.36 6.9
Ce 13.5 56.8 33.5 32.2 15.1
Nd 5.5 29.0 17.9 17.0 7.6
Gd 11.1 71.7 36.7 . 35.5 19.4
Yb 0.46 2.07 1.17 1.06 0.57
Th 1.13 7.19 3.95 3.78 2.02
U 0.52 1.78 0.98 0.8 0.45




00'1

€0

90

50

89°0

620

9¢'0

S€0

§S°0

90

L9°0

0L°0

690

L80

£6°0

090

6¥°0

170

LT°0

[4\

L0

61°0

*PD

001

[44\)

61°0

620

LT°0

900

970

4\

LEO

1344

91°0

81°0

620

6£0

820

14\

620

cro

920

€0

10°0-

e

001

950

vL0

4y

§9°0

65°0

1.0

06°0

LLO

¥9°0

990

89°0

£9°0

L0

SLO

L0

§S°0

LL'O

1L°0

950

*qd

001

88°0

£8°0

880

760

880

L0

SL'0

060

760

80

6L°0

L80

98°0

0L°0

8L°0

$8°0

060

$9°0

001

090

88°0

06°0

96°0

06°0

06°0

06°0

06°0

160

980

$6°0

06°0

L8°0

080

7670

¥6°0

LSO

qs

001

9L°0

Lo

290

170

9’0

L90

0L°0

670

§S°0

650

850

8€0

650

LSO

190

134\

1z

001

680

L8°0

9L'0

SLO

8L°0

080

690

290

80

080

80

£8°0

80

980

¥9°0

1S

001

¥6°0

LLO

8L°0

¥8°0

S8°0

SLO

L9°0

16°0

68°0

280

980

88°0

$6°0

09°0

sV

00T

L8°0

380

7670

£€6°0

980

6L°0

66°0

96°0

£8°0

98°0

L6°0

86°0

290

eD

00'1

£6°0

9L'0

6L°0

£8°0

080

L8°0

$8°0

80

690

680

L8°0

8¥°0

uz

00T

18°0

£8°0

680

¥8°0

68°0

L8°0

6L°0

$9°0

060

88°0

8¥'0

IN

00’1

66°0

€60

68°0

¥6°0

060

L9°0

L9°0

060

L80

90

)

00'1

60

060

¥6°0

160

99'0

69°0

16°0

680

190

21

00'1

96°0

680

¥8°0

Lo

850

S8°0

£8°0

50

00'1

£8°0

9L°0

65°0

6¥°0

8L°0

SL'O

wo

0

00'1

L6°0

080

080

8670

L6°0

290

001

SLO

80

66°0

L6°0

L0

L

00'1

Lo

LLO

80

50

j28]

00°L

¥8°0

68°0

L0

00T

L6°0

690

|\

001

L9°0

SN

00'1

eN

*PD

e

*9d

M

qas

1z

1S

SV

€D

uz

IN

oD

|

UN

0

A

L

€D

A

v

SN

BN

SJUSWIIPAS IOISIS O} UT SUOTIBIIUSOUOD SJUBUTUIEIUOD JO XIIJEW UONB[OLI0)) € d[qeL




Water samples from the Sister that carries on wastes of the plant and the town
sewage demonstrate ecological and metabolic regress of biocenosis along over 20 km
down the river. Industrial runoff has caused a decrease in the abundance and biomass of
the plankton as well as in species dlver51ty due to disappearance of ollgosaproblc forms.
The displacement of crustacean species by saproblontlc amebas is taking place. The
abundance and biomass of bacteria are increasing and the portion of saprophyte bacteria
is growing.

Conclusions

1. By many parameters, the contamination of the river water and the sediment extends up
to 50 km from the sewage discharge site.

2. The contaminated river water and sediment do not reach inhabited places thanks to
natural purification processes (deposition, sorption, decay of organic substances, etc.).

3. According to the obtained data, the Sister sediment up the river from Klin is essentially
enriched with cadmium whose source is obviously the runoff from the aviation town.

4. The conducted calculation of heavy metal forms shows that the river water is
undersaturated relative to the solid phase, which means that adsorption on suspended
matter dominates in the natural purification process.

5. Considerably higher concentrations of heavy metals in the sediment were detected.
This constitutes a risk of secondary contamination in water bodies.

6. Bacterial processes are intensifying. The number of saprophyte and pathogenic micro-
organisms is growing and contamination response-specific forms are appearing.

7. The number, biomass, and diversity of fresh water invertebrates are falling because of
dying out of oligosaprobic forms.
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Mopxyxuna C.B. u np. E14-2001-54
Hcnonb3oBaHue suepHbIX M APYTHX METONOB aHAIM3a UL U3YYEHHUs! aHTPONOTEHHOIo
BIMsHUA Ha peKy CecTpy OuMCTHBIX coopyxeHuii r. Knmuna (MockoBckas 0671acTh)

JlaHa KOMIUIEKCHasi THAPOXHMHYECKas M canlpoOHOsIOrHYecKas XapakTepHCTHKA BOJl M H3y4eH COCTaB
JOHHBIX OTJIOXeHH# Maioi p. Cectppl MockoBckoii o6nactu. ITokasaHo, 4To B okpecTHocTsX r. Kiuna
p. Cectpa CWIBHO 3arpsi3HeHa, BO-TIEPBBIX, B CBA3H CO COPOCOM CTOYHBIX BOJ FOPOICKMMH OYMCTHBIMH CO-
opyxeHHusIMH 1 AO «KnuHBoNOKHO». ITo MHOTUM MOKa3aTesaM 3arps3HEeHHEe PEYHOH BOIBI ¥ JOHHBIX OT-
JIOKEHHH pacnpocTpaHAeTcs OT MecTa cOpoca CTOYHBIX BOA Ha paccTosHHe 10 50 KM HHXe IO TeUSHHIO
pekH. BTopoii HCTOYHHK 3arps3HEHHs pacronoxeH Bhiie I. Knuna no tevennio p. Cectpel. JIoHHbIE OTIIO-
KeHMS 30eCh CIIBHO OOOrallleHbl KaJMHEM, LIMHKOM, CBUHLOM, Meapio. ITo-BUOMMOMY, NpOHCXOXIEHHE
IeOXHMHYECKOH aHOMAIMH Ha ®TOM Y4YacTKe CBS3aHO C JeATeNbHOCTBIO IanbBaHMYECKHX MPOHM3BONCTB
U CIIMBOM OTPaGOTaHHOIO SJIEKTPOJIMTA LMHK-KAIMHEBBIX aKKYMYJSTOPOB, MCIIONb3YEMBIX B aBHAlUH.
JInsa M3y4eHHs COCTaBa JOHHBIX OTJIOXKEHHI BriepBble ObUT IPUMEHEH METOJ HHBEPCHOHHOH BOJIBT-aMIIepo-
METPHH, a TaKXe HeHTPOHHO-aKTUBALIMOHHBIN aHanu3. [JoHHBIE OTI0XeHHs p. CecTphl aKKyMyJITHPYIOT Td-
xesnsie MeTasl (Zn, Cd, Hg, Cu, Pb, Ni), As, HecTenpoayKThl, 4TO IPO3UT ONACHOCTHIO BTOPUYHOIO 3a-
rps3HeHNs BofmoToka. [Toka3aHo, 4To coyeTaHHe 3THX ABYX METONOB aeT Gosiee MOJHYI0 KapTHHY 06 ypoB-
He 3arpsi3HEHUs [OHHBIX OTJIOXeHHH. B cBi3n co cOpocoM crouHbix Box B p. Cectpy GakTepuanbHble
MPOLECChl MHTEHCH(HUMPYIOTCS, YBETHUMBAETCS KOJIHYECTBO CAaNpPOGHTHBIX W NAaTOTEHHBIX MHUKpPOOpPra-
HHM3MOB, NOSBISIOTCS CrenU(HYecKHe IO peaklHH Ha 3arpsa3HeHHs ¢opmel. CHUXaeTcs 4HCIEHHOCTh
n GuoMacca, COKpallaeTcs BUIOBOe pasHOOOpasHe NMPECHOBOMHBIX GECIO3BOHOYHBIX 3a CYET BBINANEHHSA
OIMrocanpoGHbIX opM.

Pa6ora BemnosnHeHa B JlJaboparopuu HeiitpoHHO# u3uku uM. .M. @panka OUSHU u B Mexnynapon-
HOM YHHBEPCHTeTe NPHPOMbl, OOLIECTBa K YenoBeKa «JIyGHa».

Ipenpunt OGbEINHEHHOrO HHCTHTYTA SIEPHBIX HcchenoBanui. [Iy6Ha, 2001

Morzhukhina S.V. et al. E14-2001-54
Nuclear and Related Analytical Techniques Used to Study the Anthropogenic Impact
on the Sister River in the Vicinity of the Town of Klin (Moscow Region, Russia)

The ecological fate of small rivers, tributaries of the Volga River, is of great concern in the national
program of the Russian Federation «Restoration of the Volga River». The results on the elaborated hydro-
chemical and saprobiological water examination of the Sister River are reported along with the results
on the multielement chemical analysis of surface sediments in the catchment of the town of Klin (Moscow
Region) known for its numerous industrial and chemical enterprises with heavy contaminant inputs. Ep-
ithermal neutron activation analysis was used to study heavy metals and other toxic elements in bottom
sediments. A total of 42 elements including Pb, Cu, Cd and Hg were determined by polarography (method
of inverse voltamperometry). Metal/Al rations which express the relative mobility of the elements follow
the sequence: Fe > Mg > K> Na> Ca>>Zr >Mn > Zn = Sr > Cr> V > Ni = As > Co. Elevated concen-
trations of Cd, Pb, Zn and Cu in the bottom sediments of the Sister River reinforced us to determine their
chemical forms using fractionation scheme. Cadmium is mostly associated with carbonate content
and thus has a possibility of becoming readily bioavailable. Its toxicity and bioavailability poses a serious
problem to ecosystem. Copper and zinc besides having less environmental risk are present in forms
in which they cannot be easily leached out. Accumulation of toxic metals, arsenic and oil products are
of potential hazard for the secondary pollution of the surface waters. It is shown that the main sources
of pollution in the vicinity of the town of Klin are the domestic sewage waters and sewage waters
from the chemical complex «Klin-Fiber» producing synthetic materials. The extremes of the distribution
patterns of pollutants in the bottom sediments and water are to be found approximately 50 km down
the stream from the discharge sources. The second source of geochemical anomaly is located upstream
of the Sister River, before the town of Klin.

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR
and at the Department of Chemistry, International University of Nature, Society and Man «Dubna».
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